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PRODUCT ASSURANCE PROGRAM 
Overview 

Device Reliability 

Improving product quality and reliability is an ongoing 
process at Teledyne Semiconductor. The data presented can 
only show what Teledyne Semiconductor's CMOS product in 
ceramic and epoxy plastic is capable of producing. It does not 
guarantee the stability of the process. A complete set of in
process controls have been insitituted to monitor product 
quality and reliability and provide feedback information needed 
to correct and improve the process and the product. A major 
element in this program is the Teledyne Semiconductor Prod
uct Assurance Program. An overview of this program is shown 
in Figure 1 . 

This Product Assurance Program is the responsiblilty of the 
Quality Department and is defined in the Teledyne Semicon
ductor Quality Assurance and Reliability Program Manual. This 
program is designed so as to comply with United States MIL-Q-
9858A. Implementation of the program is accomplished 
through three major functions: 

1. QUALITY CONTROL 
2. QUALITY ASSURANCE 
3. DEVICE RELIABILITY 

In addition to internal process controls, information is con
tinually gathered from the field through work with customers. 
This together with the information gathered internally within 
Teledyne Semiconductor provides a program so that Teledyne 
Semiconductor can provide the best quality products possible 
to our customers. The success of our program can be shown 
by the graphs that follow on Customer Return Rate and Outgo
ing Quality. 

Device Reliability is the main responsibility to the Reliability 
Group. The work of the Reliability Group at TSC has resulted 
in a product which exceeds the needs of most customers. The 
Reliability Group is responsible for Qualification and Monitoring 
new and ongoing Processes, Products and Packages, as well 
as ongoing Failure Analysis. Teledyne Semiconductor also 
involves the Reliability group in the development of new prod
ucts, to insure device reliability from the initial concept, through 
design and prototype phase, and into the life of a mature 
product. 

Teledyne Semiconductor uses a "Design Team" concept to 
develop all products. The design team consists of members of 
the various functional areas involved, such as Product Engi
neering, Process Engineering, Test Engineering, Applications 
Engineering and Reliability. The Design Team has the respon
sibility of bringing the product through development and into 
production. Device Reliability is one focus of the Design 
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PRODUCT ASSURANCE PROGRAM 

Statistical Process Controls 

Team. For any product to be released to production requires 
the unanimous approval of the Design Team. The Design 
Team approves the product based on successful completion of 
thorough qualification and life tests, and meeting of all other 
criteria set for the individual product. 

Device Reliability is measured at Teledyne Semiconductor 
by the Quality Department. There are two main programs used 
forthis, the New Product Qualification Program and the Product 
Conformance Program for existing products. The New Product 
Qualification Program requires that all new products meet 
established standards of quality and reliability established for 
Teledyne Semiconductor products. TSC Conformance testing 
is a system of continuous monitoring of the quality and reliability 
of all existing device types and package types. Both the 
Qualification Program and the Conformance Program follow 
procedures defined by MIL-STD-883 or JEDEC Standard 22, 
whichever is appropriate. 

Tables 1 and 2 present test data taken on TSC products over 
the years previous to the date this report was written. 

Statistical Process Control (SPC) has become recognized 
as an important tool to maintain and improve product quality. 
This is an area of increasing customer awareness and interest. 

One example of this is the pending Semiconductor Industry 
related Military Specification requiring manufacturers to have 
ongoing SPC programs fully implemented by Dec. 31, 1990. 
JEDEC has issued a General Standard for SPC, JEP 19. The 
purpose of JEP 19 is to define a basic program needed to 
improve quality, reliability and service by reducing process 
variability. TSC has a long history of using SPC techniques and 
will implement the total program to comply with JEP 19. 

Formal use of SPC techniques at TSC dates from 1980-
1981 when Dr. Edward Deming was hired as a consultant to 
develop such a program at TSC. As a result of Dr. Deming's 
work, TSC conducted formal training to all employees in SPC 
techniques, and SPC tools were implemented in a number of 
critical process points. Teledyne Semiconductor continues to 
use SPC tools in an ongoing effort to improve product reliability. 
TSC will continue to be one of the leaders among US semicon
ductor manufacturers in the use of SPC. 

3-4 



PRODUCTASSURANCEPROGRAM 
Electro Static Discharge 
(ESD) 

Operating Life Testing 
and Predictions 

Awareness is increasing among the semiconductor indus
try and its customers of the damage that Electro Static Dis
charge (ESD) can cause to systems and components. At TSC, 
a three part program has been implemented to prevent ESD 
damage to the devices. This program consists of on-chip ESD 
protection circuits, in-house ESD handling procedures, and 
ongoing customer education efforts. The goal is to provide TSC 
customers with devices that are free of ESD damage, and that 
will remain free of static damage. 

TSC's ESD program is designed to make devices less sen
sitive to ESD and to prevent ESD from reaching the devices. It 
is the policy of TSC that all new devices are designed to 
withstand ::2ooov ESD. Circuits are designed into each TSC 
device that meets this requirement, creating CMOS devices 
that are more "rugged" and less ESD sensitive. TSC has in 
place a program that employs standard industry ESD protective 
handling, packaging, and shipping procedures. These pro
grams are designed to reduce or eliminate ESD from the 
environment. TSC also takes steps to inform customers that 
static handling precautions are necessary, and to educate 
customers about standard ESD handling procedures. These 
steps together insure a product that should reach the 
customer's application free of any static damage. 

Teledyne Semiconductor conducts an ongoing program to 
determine Device Failure rates, to evaluate device life, and to 
predict operation life. The two primary elements of the program 
are stress testing under elevated temperature, and elevated 
temperature with elevated humidity. 
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QC GATES ----
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PRODUCTASSURANCEPROGRAM 

STANDARD 
HERMETIC PRODUCT 
CERDIP OR CERAMIC 

Traceability to Wafer Fab 

Internal Visual 
Method 2010, Condition 84 

Temperature Cycle 
Method 1010, Condition C 

Constant Acceleration 
Method 2001 , Condition E 

Hermeticity 
Fine & Gross, Method 1 014 

Final Electrical 
per Applicable Device Specification 
DC@ Max. Operating Temperature 
DC @ Min. Operating Temperature 

Switching @ 25 C 

Quality Conformance Inspection 
Method 5005, Group A: Table I, 

Each Lot 
per Applicable Device Specification 

Group B = Each Date Code 
Group C = 12 Months 
Group D = 12 Months 

External Visual 
Method 2009 

Device Marketing 
Teledyne Logo 
ESD Designator 

Date Code 

PROCESS FLOWS 

883 
PER MIL-STD-883 
REV. C, CLASS B 

SCREENING PER METHOD 5004 
('COMPLIANT NON-JAN') 

Traceability to Wafer Fab 

Internal Visual 
Method 2010, Condition B 

l 
Temperature Cycle 

Method 1 010, Condition C 

I 
Constant Acceleration 
Method 2001, Condition E 

l 
Hermeticity 

Fine & Gross, Method 1 014 

I 
Initial (Pre-Burn-In) Electrical 

per Applicable Device Specification 

l 
Burn-In Test 

Method 1 015, Condition A, B or C 

I 
lnterium (Post-Burn-In) Electrical 
per Applicable Device Specification 

DC@25C 
(Percent Defective (PDA) 5%, unless 

Otherwise Specified) 

I 
Final Electrical 

per Applicable Device Specification 
DC @ Max. Operating Temperature 
DC@ Min. Operating Temperature 

Switching @ 25 C 

I 
Device Marking 

Part No "C"(Shows Compliance) 
Teledyne Logo country of Origin 
ESD Designator (U-USA, H-Hong Kong) 

Date Code 

Quality Conference Inspection 
Method 5005, Group A: Table 1, 

Each Lot 
per Applicable Device Specification 

Group B = Each Date Code 
Group C = 12 Month.s 
Group D = 12 Months 

I 
External Visual 

Method 2009 
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902 
(Available for HINIL ONLY) 
('Non-Compliant-Non-Jan') 

Internal Visual 
Method 201 0, Condition B 

l 
Stabilization Bake 

Method 1 008, Condition C 

I 
Temperature Cycle 

Method 1 01 0, Condition C 

l 
Constant Acceleration 
Method 2001 , Condition E 

I 
Initial (Pre-Burn-In) Electrical 

per Applicable Device Specification 

l 
Burn-In Test 

Method 1 015, Condition A, B or C 

I 
lnterium (Post-Burn-In) Electrical 
per Applicable Device Specification 

DC@25C 
(Percent Defective (PDA) 10%, unless 

Otherwise Specified) 

I 
Final Electrical 

per Applicable Device Specification 
DC@ Max. Operating Temperature 
DC@ Min. Operating Temperature 

Switching @ 25 C 

I 
Device Marking 
Teledyne Logo 
ESD Designator 

(Device Type) 902 
Date Code 

I 
Hermeticity 

Fine & Gross, Method 1 014 

l 
External Visual 

Quality Conformance Inspection 
per Applicable Device Specification 

l 
Generic Data 

Group B = Each Date Code 
Group C = 12 Months 
Group D = 12 Months 

II 



PRODUCT ASSURANCE PROGRAM 
Integrated Circuit Screening 

STANDARD 

*Pre Cap Visual 1 

Stabilization Bake 
Temp= 1so0 c 
Time= 48 hrs 

Sample 
Temperature Cycling 

10 Cycles 
-65°C to +150°c 

LTPD 

Pressure Cooker 
Test 

4 Hours, 2 ATMOS 
10%LTPD 

Electrical Test 

QA Acceptance Tests 

*1. TE-AYG-00732 (TSC Spec) 
2. MIL-STD-883, Method 2010 

PLASTIC PACKAGE 

I 

J 
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HIREL 

*Pre Cap Visual 2 

Stabilization Bake 
Temp= 1so0c 
Time= 96 hrs 

Sample 
Temperature Cycling 

10 Cycles 
-65°C to +1 so0 c 

10% LTPD 

Pressure Cooker 
Test 

4 Hours, 2 ATMOS 
10% LTPD 

Electrical Test 

Burn in 160 HRS. 
AT 12s0c 

Electrical Test 

QA Acceptance Tests 



Quality Control 

Quality Assurance 

QUALITY & RELIABILITY 
The Quality Control function handles continuous monitor

ing of production, from incoming inspection of raw materials to 
wafer and assembly processing. Figure 1. illustrates the 
Quality Control role at various steps of the production process. 
Documentation, Calibration, and Environmental processing 
are all under the surveillance of Quality Control. 

The four major areas of Quality Control are: 

Incoming Inspection 
In-process Control 
Operation Surveillance 
Vendor Qualification 

After devices are subjected to 100% testing in manufactur
ing, they are formed into lots and submitted to Quality Control 
acceptance testing. Three types of tests are performed on the 
samples: Visual/Mechanical, Parametric, and Functional. The 
sampling is based on a plan equivalent to a 0.07 AOL with a 
0.5% AOQL. (All TSC sample plans are in accordance with 
MIL-M-38510 appendix B or MIL-HDB-1050.) Testing is done 
at room and elevated temperature. Lower temperature testing 
is performed when required by the specification, or when a 
potential problem is known to exist. 

The Quality Assurance function is responsible for the im
plementation and planning of the Quality/Product Assurance 
programs. This department is staffed with Quality Engineering 
and Quality Management professionals. It is the Quality 
Assurance department which works as an interface between 
various departments of the company and the Quality Control 
activities. Basic Quality Assurance Principles are implemented 
throughout the company and production process. The ultimate 
purpose of such activities is a better product for the customer. 
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QUALlTY & RELIABILITY 
Quamy Conformance 

Table 1 Plastic 

Mil· Std/Test 
Test Condltion 

Physical Dimension 8831201.0 

Salt Atmosphere 883110091A 

Solderability 88312003 

Pressure Cooker 96 Hours 

85185° C R H (Bias) 1.0K Hours 

Steady State Life TA= 125•c 
t = 1000 Hours 

Storage TS= 15o•c 
t = 1 ooo Hours 

Thermal Shock -55°C to + 125•c 
200 cycle 

Temperature Cycle -65°C to + 15o•c 
1000 cycle 

A part of the TSC Quality Reliability program is to assure that 
all product lines offered meet industry accepted standards. 
This is done by a periodic submission of product to a confor
mance test program to collect generic data. All tests are done 
in accordance with MIL-STD 883C where applicable. (See 
pages 3-7/3-8). Test listings and results from submissions for 
a plastic encapsulated device and a CerDIP hermetic sealed 
device are presented in Table 1 and Table 2. 

Sample Size Quantity In Quantity Out 

SIS= 15 15 15 

SIS• 15 15 15 

SIS= 22 15 15 

SIS =45 15 15 

SIS :45 

SIS =45 45 45 

SIS= 45 45 45 

SIS= 15 15 15 

SIS= 15 15 15 
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QUALITY & RELIABILITY 

Summary Plastics 

Port I Data C PowerC Port A Total 

Physical Dimensions 0/45 0160 0130 0/15 0/150 

Salt Athmosphere 0145 0160 0130 0/15 0/150 

Solderability 0166 0/88 0/44 0/22 0/220 

Pressure Cooker 0/45 0/4320 

Storage 0/35 0/180 0190 0/45 0/450000 

Steady State Life 0/135 0/180 1/90 0/45 1/450000 

Therm Shock 0/45 5/60 0/30 0/15 5/30000 

Temp Cycle 0/45 0160 6/30 0/15 6/30000 

Table 2 CerDIP 

Conformance Tests Method Test Condition LTPD 

GROUP B 

SUBGROUP2 
Resistance to Solvents 2015 4 Devices 

SUBGROUP3 
Solderability 2022 or 2003 15 

SUBGROUPS 
Bond Strength 2011 Test Condition C or D 15 

GROUPC 

SUBGROUP1 
Steady State Life Test 1005 1000 Hours at 125°C 
Electrical End Points 
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QUALITY & RELIABILITY 
Table 2 CerDIP (Cont.) 

Conformance Tests Method Test Condition LTPD 

GROUP D 

SUBGROUP1 15 
Physical Dimensions 2016 

SUBGROUP2 15 
Lead Integrity 2004 Test Condition 82 
Seal 1014 

Fine 
Gross 

SUBGROUP3 15 
Thermal Shock 1011 Test Condition B, 15 Cycles 
Temperature Cycling 1010 Test Condition C, 100 Cycles 
Moisture Resistance 1004 
Seal 1014 

Fine 
Gross 

Visual Eximination 
Electrical End Points 

SUBGROUP4 15 
Mechanical Shock 2002 Test Condition B 
Vibration Variable Frequency 2007 Test Condition A 
Constant Acceleration 2001 Test Condition E, Y1 only 
Seal 1014 

Fine 
Gross 

Visual Examination 
Electrical End Points 1010 or 1011 

SUBGROUPS 15 
Salt Atmosphere 1009 Test Condition A 
Seal 1014 

Fine 
Gross 

Visual Examination 1009 

SUBGROUPS 
Internal Water-Vapor Content 1018 5,000 PPM-CerDIP only 3 Devices 

SUBGROUP7 15 
Adhesion of Lead Finish 2025 

SUBGROUPS 
Lid Torque 2024 5 Devices 
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QUALITY & RELIABILITY 

Operating Life Predictions - CerDIP 
II 

Product Total Predicted Fallure Predicted Failure 
Life Device Rate@125°C Rate@25°C 

Hours@ 
12s0 c Rejection 90% Cont. 60% Cont. 90% Conf. 60% Cont. 

Portable Inst 90000 0 .000025 .00001 1/0 FIT 46 FIT 

Data Conversion 100000 0 .000012 .0000048 56 FIT 22 FIT 

Power Control 315000 0 .0000072 .0000027 35 FIT 13 FIT 

Precision Analog 315000 0 .0000072 .0000027 35 FIT 13 FIT 

HINIL 315000 0 .0000072 .0000027 140 FIT 56 FIT 

Operating Life Predictions - Plastic 

Total Predicted Failure Predicted Failure 
Product Device 

Hours@ Rate@125°C Rate@25°C 

125°C Rejection 90% Conf. 60%Conf. 90%Conf. 60% Conf. 

Portable Inst 
7107 CSQ 45000 0 .00005 .00002 20 FIT 5FIT 
7126 CPL 45000 0 .00005 .00002 20 FIT 5FIT 
7107 CPL 45000 0 .00005 .00002 20 FIT 5FIT 
Total 135000 0 .000017 .0000065 6.8 FIT 2.6 FIT 

Data Conversion 
7135 CPI 45000 0 .00005 .00002 20 FIT 5 FIT 
8704 CJ 45000 0 .00005 .00002 20 FIT 5FIT 
14433 CJ 45000 0 .00005 .00002 20 FIT 5 FIT 
9400 CJ 45000 0 .00005 .00002 20 FIT 5FIT 
Total 180000 0 .000013 .000005 5 FIT 2FIT 

Power Control 
428 CPA 44500 1 .000085 .000042 34 FIT 17 FIT 
427 CPA 45000 0 .00005 .00002 20 FIT 5FIT 
Total 90000 1 .000042 .000024 17 FIT 9 FIT 

Precision Analog 
900 45000 0 .00005 .00002 20 FIT 5 FIT 
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QUALITY & RELIABILITY 

Summary Data - Die Groups II 
Port Data Power Precision HI 

Test Method Condition L TPD 

GROUPC 

SUBGROUP1 1005 TA= 125°C 5 
Steady State #Hours= 
Life Test 1000 (or 

equivalent) 
Electrical Endpoints 

Total 

SUBGROUP2 15 
Temperature Cycling 1010 
Constant Acceleration 2001 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 1010/ 

1011 
Electrical Endpoints 

c 
E Y1 only 

Inst Conv Contrl Analog NII CMOS Total 

0/90 0/100 01315 01315 0/315 0/45 0/1215 

Total 0/60 0160 0/105 0/105 0/105 0/15 0/435 
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QUALITY & RELIABILITY 

Stress Testing Under 
Elevated Temperature 

Device reliability is often measured by failure. rate under 
high temperature operating condition. From the results of this 
testing, operating life predictions are made based on tem
perature acceleration factors. The acceleration factor for· . 
failure measurements in semiconductor devices are deter
mined from the Arrhenius Reaction Rate equation: 

E = Activation energy (eV) 

k = Boltzman's constant (8.63 X 10-5 eVf'k) 

T1 =Test temperature (Kelvin) 

T 2 = Desired temperature (Kelvin) 

The U.S. Mil-Handbook-217 presents acceleration fac
tors based on the above equation for various device and 
package types. TSC uses these acceleration factors for all 
operating life predictions presented in this paper. Data is 
reported in failure rate per hour of operating life or as Failures 
in Time (FIT). One FIT is one failure per one billion device 
hours of operation. 
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QUALITY & RELIABILITY 
CERDIP FAILURE RATE-125°C OPERATING LIFE 

'83 '84 '85 

YEAR 

• 90% CONFIDENCE 

e 60% FAILURE RATE 

'86 

PLASTIC FAILURE RATE-125°C OPERATING LIFE 
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QUALITY & RELIABILITY 
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CERDIP MTBF -125°C OPERATING LIFE 

~ 90% CONFIDENCE 

- 60% CONFIDENCE 

~ z 500 
~ 
::::> 
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Operating Life Testing 
& Predictions 

Temperature and Humidity 

QUALITY & RELIABILITY 

Figure 2. illustrates expected failure rate per 1000 hours of 
operating time over a temperature range from 25°C to 175°C. 
Thi.s graph is for TSC CMOS integrated circuits. The data was 
derived from results of Dynamic high temperature stress test
ing at 125°C and 150°C. 

A major indicator of the reliability of plastic encapsulated 
devices (commercial class) is the ability to withstand tempera
ture and humidity combined. Elevated temperature and humid
ity testing is routinely performed by TSC to evaluate the affect 
of these conditions on device reliability. The Semiconductor 
Industry Standard of 85°C and 85% relative humidity is used. 
Teledyne Semiconductor has a policy of using proven state-of
the-art molding compounds in its assembly process. Figure 3. 
illustrates the improvement this has made in TSC device 
reliability as measured by the 85/85 test. TSC's current 
molding compound has survived up to 3000 hours of the 85/85 
stress test. 
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Figure 2. 
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QUALITY & RELIABILITY 

85/85 CUMULATIVE FAILURES 
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Figure 3. 

MEAN TIME BETWEEN FAILURES AT 85/85 
FOR VARIOUS PACKAGING COMPOUNDS 

MOLDING COMPOUND MEAN TIME BETWEEN FAILURES 

COMPAUNDA 18000 HOURS 

COMPOUNDS 62000 HOURS 

COMPOUNDC NO FAILURES RECORDED AT 50,000 HOURS 

TOTAL DEVICE TEST HOURS> 400,000 HOURS 
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Ordering Information 

PRODUCT STATUS 
Three Classes of Data Sheets are Shown in this Data Book. These are identified by the Presence or Absence of a 
"Banner" on the First Page. 

DATA SHEET IDENTIFICATION PRODUCT STATUS 

No Identification Production 

Preliminary Initial Production 

COMMENTS 

Delivery Subject to Product 
Demand. 

Data Sheet Electrical Limits 
Established. Limited Production 
Quantities Available, Samples 
Available. 

Advance Product In Design Data Sheet Gives Design Goal, 
Information Electrical Specifications and 

Major Product Features. Contact 
Teledyne Marketing for Samples 
and Information. 

Note: Teledyne Semiconductor Reserves the Right to Make Changes at Any Time Without Notice in Order to 
Improve Performance and Supply. 

CMOS ICs (Except 87XX/94XX/14433 Products) 

The Device Identification Codes for All Other Products and All Products in 60-Pin Flat Packages are as 
Follows: 

PACKAGED DEVICES TSC XXXXXX X X X X I XXX 

1. TELEDYNE SEMICONDUCTOR DEVICE J 
2. DEVICE NUMBER 

3. ELECTRICAL PERFORMANCE GRADE OPTION (if applicable) 
R - Reversed Pin Layout 

4. OPERATING TEMPERATURE RANGE 
M - Military Temperature Range (-55°C to 125°C) 
I* - Industrial Temperature Range (-25°C to +85°C) 
c - Commercial Temperature Range (0°C to + 70°C) 
E - Extended Industrial Temperature Range (-40°C to +85°C) . - May Be -40°C to +85°C. Refer to Specific Device Specification 

5. PACKAGE TYPE 
J - CerDIP Dual-In-Line (non side brazed) 0 - Plastic "SO" Surface Mount 
p - Plastic Dual-In Line L - Plastic Leaded Chip Carrier (PLCC) 
T - TO - 99 Type (round metal can) K - Plastic Gullwing Quad Flat Package 
B - Plastic Flat Package (formed leads) N - Ceramic Leadless Chip Carrier (LCC) 
s - Plastic Flat Package (unformed (straight) leads) 
R - TO - 52 (Metal Can) 

6. NUMBER OF PACKAGE PINS 
A -8 N -18 
D,F-14 G - 24 
E -16 I - 28 

L - 40 
M -2 

7. PROCESSING OPTION 
883- MIL-STD-883C, Class B Processing 
Bl - 100% Burn-In at 125°C for 160 Hours 

Y - Dice 
V - 8 Pin Metal Can 

y - 8 (pin 4 connected to case) 
Q - 60 
w - 44 
s - 68 
p - 20 
v - 8 (pin 8 connected to case) 
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Ordering Information 

DIGITAL LOGIC - 300 SERIES 
PACKAGED DEVICES TSC XXX X X 

1. TELEDYNE SEMICONDUCTOR DEVICE --------------~J J· 

2. DEVICE NUMBER 

3. ELECTRICAL GRADE AND TEMPERATURE RANGE --~-----------
A - Industrial Temperature Range, 15V, (·30 to +70°C) 
B - Military Temperature Range, 12V, (-55 to +125°C) 
C - Industrial Temperature Range, 12V, (-30 to.+85°C) 
M - Military Temperature Range, 15V, (-55 to +125°C) 

4. PACKAGETYPE---'-~-------~------------~-~ 
G - Metal Can (TO - 8) 
H - Flatpack 
J - Plastic Package 
L - Ceramic Package (CerDIP) 
Y -Dice 

EXAMPLE: 303AL Operates Over an Industrial Temperature range at 15V and Is a CerDIP Package 

The Device Identification Codes for Device Numbers of TSC8700, TSC9400 and TSC14433 Family 
are as Follows: 

PACKAGED DEVICES TSC XXXXX X X X X 

_:_:_:_~-~c-D:_:_:_M_s:_:_:_C~O~N~D~U-C-_T-O~R~-D~E-~V-1-C~E~--=~--=~--~~~:~~:~~:~=--~=--~=--~=~:=T:_· _._r_· ..1 
3. ELECTRICAL GRADE (if applicable)·.-------------------

4. R - REVERSE LEAD CONFIGURATION (if applicable>--------------

5. OPERATING TEMPERATURE RANGE------..--------------.... 
C - Commercial Temperature Range (0 to 70°C) 
E - Extended Temperature Range (-40 to +85°C) 
B - Military Temperature Range (-55 to +125°C) 

6.PACKAGETVPE-----------------------..,.-----........1 
J - Plastic Package 
N - ceramic Package 
L -CerDIP 
V - Dice 
E - Metal Can (T0-99) 
M - Metal Can (T0-18) 

EXAMPLE: TSC8701CL Operates Over the Commercial Temperature Range and is a Cerl)IP Package 

PRODUCT STATUS 

Three Classes of Data Sheets are Shown in this Data Book. These are Identified by the Presence 
or Absence of a "Banner" on the First Page. 
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PACKAGE INFORMATION 
.150 (3.81) .500 
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Package 1 
T0-18 (2-Pin) 

Package 2 
T0-92 (2-Pin) 

Package 3 
T0-99 (8-Pin) 
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PACKAGE INFORMATION 
Package 4 
8-Pln Plastlc DIP 

Package 5 
8-Pin. CerDIP 

Package 6 
14-Pln Plastic DIP 

0 
5 6 7 8 r .. 400 (10.16)1 

.370 (9.40) it~, 
MAX. 

SEATING~--r~-0.~-l-) --.-
__ . _!.MIN. 

MIN' 
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PACKAGE INFORMATION 
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Package 7 
14-Pin CerDIP 

Package 8 
16-Pin Plastic DIP 

Package 9 
16-Pin CerDIP 
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PACKAGE INFORMATION 
Package 10 
18-Pln Plastic DIP 

Package 11 
18-Pln Ceramic DIP 

I::: : : : : : :·~______..___~;~:~ 
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Package 12 
24-Pln Plastlc DIP 

0.08 (1.53) 0.02 (0.508) 0.105 (2.67) I o.306 (7.78) I 
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.555 
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PACKAGE INFORMATION 
24 13 
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Package 13 
24-Pin Ceramic DIP 

Package 14 
24-Pin CerDIP 

Package 15 
28-Pin Plastic DIP 

36.83 (1.450) 15.40 (.606) 
- ,__ ____ =35 ..... _5"'8 .,..(1-,-.44""'0) i-15.09 (.594)-u 
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PACKAGE INFORMATION 
Package.16 
28"Pln Ceramic DIP 

~ 
~-· ----11il:~g1 
~ _J__ .305 (.012) 
I 15.40 (.6061 __j .2031.ooa1 

• 14.74 (.580) 

Package 17 
40-Pin Plastic DIP 

Package 18 
40-Pin Ceramic DIP 
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NOM . 
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· 1 I -.002 (0.051) . ~VP. 
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MAX. 
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o.520113.20811 ·I 

SQUARE • 0.165 (4.191) 0.020 (0.508) 0.006 (0.152) 
0.050 (1~.27L MAX. 0.060 (1.524) 0.012 (0 .. 305) 

TYP~~ _+ ~.I . :i=t ~ II =1).1·. 
~ 1- -lr -i 1- 0.125(3.175) 1-1~5~~,-l 

0.050 ± 0.010 . 0.018 ± 0.002 0.100 ± 0.010 MIN. REF. 
(1.27 ± .254) (0.457 ± 0.051) (2.54 ± .254) 
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0.015MIN. 

40 

21 

0.690 _j 
0.480 

"'"".L:j 
~ 

15°MAXJl ~~~g~ 
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Package 19 
28-Pin CerDIP 

Package 20 
40-Pin CerDIP 

Package 21 
60-Pin Flat Package 

Formed Leads 

II 



PACKAGE INFORMATION 
Package 22 
60-Pln Flat Package 
Unformed Leads 

PIN60 

PIN 1 INDICATION 
DIMPLE OR BUTTON 

A t 
~ .454 

TYP 
.0315 

7TYP 

_t . 
1_ .140-.1 
J-- TYP .0145 

TYP 

Package 23 
T0-18 (3-Pln) .210 ~ -1-+---..... 1-(l~~O)l 

.170 (4.32) MIN. 

I .030 
(0.76) 
MAX • 

. 19~~= 

.050 
(1.27) 

.230~ 

.209 (5.31) 

Package 24 
T0-92 (3-Pin) 

i 
.178 (4.52) =__j_ 
J_ = 

3LEADSJ 
.019 (MID DIA . 
. 016 (0.41) 

.100 
(2.54} 

45' 

BOTTOM VIEW 

~n.500, (12.70} .055 (1.40) 
MIN. .045 (1.14) 

.205ts.21> a==. I .1os12.61) 

.175 (4.45) _L .095 (2.41)~--.+-

+ =J -,.--'---I--& 

3LEADS 
.Oi!f(0.48) DIA. 
.016 (0.41) 
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.166 (4.19) 

.125 (3.18) -

BOTTOM VIEW 

1 
-~~ ±..oos 

.105 (2.67) 

.080 (2.03} 



PACKAGE INFORMATION 

t -----r 5.2 (0.205) 
I 4.610.1811 

4.0 (0.158) 6.2 (0.244) 

~T 

t 
--n.2 (0.205) 

14.6 (0.181) 

4.0 (0.158) 6.2 (0.244) 
3.8 (0.150) 5.8 (0.228) 

_J_ 1 
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Package 25 
8-Pin Plastic "SO" 

Package 26 
14-Pin Plastic "SO" 

II 



PAC.KAGE INFORMATION 
Package 27 
68-Pln Plastic Chip Carrier 
(PLCC) 

Package.28 
44-Pin Plastic Chip Carrier 
(PLCC) 

4-14 

TOP VIEW 

BOTTOM VIEW 

TOP VIEW 

BOTTOM VIEW 

0.125 DIA x 0.005 DEEP 
4 PLCS (EJECTOR PIN) 

DETAIL A 

DETAIL A 

SIDE VIEW 

0.046 0036 R 
-t-1 \-;;"I r-±00.010 

0.046--<--t l 0.062DIA 

x 0.020 DEEP· . 

DETAIL A . 

0.610 _]15 
0.125 DIA x 0.006 DEEP 
4 PLCS. (EJEci'Oil PINI 



PACKAGE INFORMATION 
TOP VIEW 

BOTTOM VIEW 

0.188 DIA x 0.005 DEEP 
(EJECTOR PIN) 

_____ .543 ± .008 ---~.-

113.8 ± 0.2) 

(~~a±± -g~:l ________. 

DETAIL A 

.006 ± .002 
(0.15 ± 0.05) TYP 
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Package 29 
28-Pin Plastic Chip Carrier 

(PLCC) 

Package 30 
44-Pin Flat Package 

Formed Leads 

II 



PACKAGE INFORMATION 
Package 31 
16-Pin "SO" Wide 

(Package 32) 
20-Pln "SO" Wide 

PIN1 

l 
.29217.390} 

l!;,==r;=n=;T=T'r=n=n==rr"j9· 7.959} 

Ji-
.029(.762} 

--11-.016(.041} 
TYP .005 RAD MAX TYP 

~ 11"' 45°'\ 

I ~:m n n 0 0 h~Jg~i~·~~! LF.~ h 
039 "-"""'- -t I J; --~1.S 
.044 ~ 0403(1026} - SEATING 5°TYP l2f . 400(lO.~ _j 

0'413 (10490} PLANE -.410 (10.4 I 

0115 (0.29) do o H rm tto rm] ::; ~::i 
.0055{0.14)n .................................... .... 

~.511(12.98)----l 
.504(12.80) 
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.018(0.46) 
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CMOS Data Acquisition Cross Reference 

All TSC Products Cross-Referenced Are Plug-In Replacements 

Part Number TSC Number Comments 

ADC-EK10B TSC8701CJ 

ADC-EK12B TSC8702CN 

II ADC-EK12DC TSC8750CJ 

ADC-EK12DM TSC8750BN 

ADC-EK12DR TSC8750CN 

ADC-EK08B TSC8700CJ 

ADC-ET10BC TSC8704CJ 

ADC-ET10BM TSC8704BN 

ADC-ET10BR TSC8704CN 

ADC-ET12BC TSC8705CJ 

ADC-ET12BM TSC8705BN 

ADC-ET12BR TSC8705CN 

ADC-ET8BC TSC8703CJ 

ADC-ET8BM TSC8703BL 

ADC-ET8BR TSC8703CL 

CD22104AE TSC7211AIPL 

CD22105AE TSC7211AMIPL 

DS0026CJ-8 TSC4261JA Pin Compatible, Functional Upgrade 

DS0026CN-8 TSC426CPA Pin Compatible, Functional Upgrade 

DS0026J-8 TSC426MJA Pin Compatible, Functional Upgrade 

HLCD7211-2 TSC7211AIPL 

HLCD7211-4 TSC7211 AM I PL 

ICL7106CJL TSC7106CJL TSC7106ACPL Has Improved Reference Voltage 

ICL7106CPL TSC7106CPL TSC7106ACPL Offers Improved Reference Tempco 

ICL7106RCPL TSC7106RCPL TSC7106ARCPL Offers Improved Reference Tempco 

ICL7107CJL TSC7107CJL TSC7107ACJL Offers Improved Reference Tempco 

ICL7107CPL TSC7107CPL TSC7107ACPL Offers Improved Reference Tempco 

ICL7107RCPL TSC7107RCPL TSC7107ARCPL Offers Improved Reference Tempco 

ICL7109CPL TSC7109CPL Exact Replacement. TSC7109BCPL For Lower Cost 

ICL71091JL TSC71091JL 

ICL7109MJL TSC7109MJL 

ICL7116CJL TSC7116CJL TSC7116ACJL Offers Improved Reference Tempco 

ICL7116CPL TSC7116CPL TSC7116ACPL Offers Improved Reference Tempco 

ICL7117CJL TSC7117CJL TSC7117ACJL Offers Improved Reference Tempco 

ICL7117CPL TSC7117CPL TSC7117ACPL Offers Improved Reference Tempco 
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CMOS Data Acquisition Cross Reference 

All TSC Products Cross-Referenced Are Plug-In Replacements (Cont.) 

Part Number TSC Number Comments 

ICL7126CJL TSC7126CJL TSC7126ACJL Offers Improved Reference Tempco 

ICL7126CPL TSC7126CPL TSC7126ACPL Offers Improved Reference Tempco 

ICL7136CJL TSC7126CJL TSC7126CJL and TSC7126ACJL Are Plug-In Replacements 

ICL7136CPL TSC7126CPL TSC7126CPL and TSC7126ACPL Are Plug-In Replacements 

ICL7650CPA TSC7650CPA TSC900ACPA is a Low-Power Plug-In Upgrade 

ICL7650CPD TSC7650CPD TSC900ACPD is a Low-Power Plug-In Upgrade 

ICL76501JA TSC76501JA TSC900AIJA is a Low-Power Plug-In Upgrade 

ICL76501JD TSC76501JD TSC900AIJD is a Low-Power Plug-In Upgrade 

ICL7660CPA TSC7660CPA 

ICL76601JA TSC76601JA 

ICL7660MJA TSC7660MJA 

ICL8069CCZR TSC9491AJ 

ICL8069CMSQ TSC9491AM 

ICL8069DCZR TSC9491BJ 

ICL8069DMSQ TSC9491BM 

ICM7211AIPL TSC7211AIPL 

ICM7211AMIPL TSC7211 AM I PL 

ICM7212AIJL TSC7212AIJL TSC700AIJL is a Higher LED Current Upgrade for "Brighter" Displays 

ICM7212AIPL TSC7212AIPL TSC?OOAIJL is a Higher LED Current Upgrade for "Brighter" Displays 

ICM7212AMIJL TSC7212AMIJL TSC700AMIJL is a Higher LED Current Upgrade for "Brighter" Displays 

ICM7212AMIPL TSC7212AMIPL TSC701AMIJL is a Higher LED Current Upgrade for "Brighter" Displays 

MC14433L TSC14433CL TSC14433ACL Offers Guaranteed Roll-Over Spec. 

MC14433P TSC14433CJ TSC14433ACJ Offers Guaranteed Roll-Over Spec. 

MMH0026CP1 TSC426CPA Pin Compatible, Functional Upgrade 

MMH0026CU TSC4261JA Pin Compatible, Functional Upgrade 

MP5531C TSC9495CJ 

MP5532C TSC9496CJ 

REF01CP TSC9495CJ 

REF02CP TSC9495CJ 

TP4780 TSC9400CJ 

TP4781 TSC9401CJ 

VFQ-1C TSC9400CJ 

VFQ-1R TSC900CL 
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~f"TELEDVNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'M 

TSCOOC26 
DUAL SUPER-FAST MOSFET DRIVER 

FUNCTIONAL DIAGRAM 

V• 

7 GND 

FEATURES 
• Pin for Pin Compatible with DS0026 and MMH0026 
• Low Supply Current 

• 350 µA with Logic 0 or Logic1 Input 
• Latch-up Protected. Will Withstand 500 mA Reverse 

Output Curent 
• Input Protected for Input Transients of up to 6 Volts Ill 

Below the Input Rall. 
• High Peak Output Current .............. +/·1.5 A Peak 
• Low Delay Time ........................ 15 nS Max. 
• Fast Rise and Fall Times ........... 1000 pF In 20 nS 
• Supply Voltage ........................ 4.5V to 18V 
• Consistant Delay Times with Changes In V00 

• TTL/CMOS Compatible Input. No Speed-up Capacitors 
Needed 

• Logic Input Threshold Independent of Supply Voltage 
• Output Voltage Swing to Within 25 mV of Ground or V 5+ 

..,~ TSCOOC26 

NOTE: GROUND UNUSED DRIVER INPUT 
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PRELIMINARY DESIGN INFORMATION 

1 TSCOOC26 
GENERAL DESCRIPTION Pin Configuration 

The TSCOOC26 is a CMOS version of the 
standard bipolar Clock Driver, DS0026 and 
MMH0026. This CMOS device requires much less 
current than the bipolar version, and can be driven 
directly with a CMOS or TTL level input. The 
TSCOOC26 also features speeds equivalent to the 
DS0026. 

Absolute Maximum Ratings 
V+ -V- Differential Voltage ................ 18V 

~ 
INVERTING 

Input Current ......................... 1.0µA 
Input Voltage ................... , ...... 5.5V Ordering Information 

Peak Output Current . . . . . . . . . . . . . . . . . . . . 1.5A 
Maxirnum Power Dissipation @ 25°C 

CerDIP Package ............. 1150mW 
Molded Package . . . . . . . . . . . . . 1040mW 

Operating Temperature Range 
TSCOOC26C . . . . . . . . . . . . . 0°C to 70°C 
TSCOOC261 . . . . . . . . . . . . -25°C to 85°C 
TSCOOC26M ........... -55°C to 125°C 

Storage Temperature . . . . . . . . . . -65°C to 1so0 c 
Lead Temperature (Soldering, 10 Sec.) ... 300°C 

Electrical Characteristics (T, = 2s0ci 

SYMBOL PARAMETER CONDITIONS 

Logic "1" v,N v·= ov 

Logic "1" 11N v 1N -v· = 2.4v 

Logic "O" v 1N V·=OV 

Logic "O" 11N V1N -V· = OV 

Logic "O" V0 u1 v 1N -v· = 2.4V 

Part No. 

TSCOOC26CPA 

TSCOOC261JA 

TSCOOC26MJA 

TSCOOC26MJN883 

TSCOOC26CY 

MIN 

Logic "O" V 0u1 v,N -v· = 0.4V, v00 ~v++1.ov v+ -1 

ICC(ON) 

Ice (OFFJ 

"On" Supply Current V+ -V- = 18V, V1N -V· = 2.4V 
(One Side On) 

"Off" Supply Current V+ -V- = 18V@ 70°C 
v,N -V- = ov@ 125°c 
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Package 

8-pin Plastic DIP 

8-pin CerDIP 

8-pin CerDIP 

8-pin CerDIP 

DICE 

TVP 

2 

0.3 

0.6 

-0.3 

v·+.7 

v+ + .7 

3.5 

MAX 

1.5 

1.0 

0.4 

-1.0 

v· + 1 

5 

500 
1000 

Temp. 
Range 

0°c to 70°c 
-2s0 c to 8s0 c 
-ss0 c to 12s0 c 
-ss 0 c to 12s0 c 

2s0 c 

UNIT 

v 

µA 

v 

µA 

v 

v 

mA 

mA 
mA 



DUAL SUPER-FAST MOSFET DRIVER 

TSCOOC26 
Switching Characteristics (TA= 25°ci 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

ION Turn-on Delay (Figure 1) 5 7.5 12 nS 
(Figure 2) 11 nS 

!OFF Turn-off Delay (Figure 1) 12 15 nS 
(Figure 2) 13 nS 

IA Rise Time (Figure 1) CL= 500pF 10 15 nS 
(Figure 2) CL= 1 OOOpF 15 25 nS II (Figure 1) CL= 500pF 25 35 nS 
(Figure 2) CL= 1 OOOpF 30 40 nS 

IF Fall Time (Figure 1) CL= 500pF 10 15 nS 
(Figure 2) CL= 1 OOOpF 15 25 nS 
(Figure 1) CL= 500pF 25 35 nS 
(Figure 2) CL= 1000pF 30 40 nS 

Supply Current vs. Frequency 

250 

200 

150 

100 

50 

LOAD = 1 OOOpf 

0 

0.5 1.9 3.2 4.6 5.9 7.3 8.6 10.0 
FREQ (MHz) 
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PRELIMINARY DESIGN INFORMATION 

TSCOOC26 
Supply Current vs. Frequency 

350 

300 

250 

150 

100 

50 
LOAD = 2200pf 

0 

0.5 1.9 3.2 4.6 5.9 7.3 8.6 10.0 
FREQ (MHz) 
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~'""TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" TSC112 

TSC113 
CURRENT MODE MAG-AMP CONTROLLER 

FUNCTIONAL DIAGRAM 

8 Yoo 

FEATURES 
• Current Mode Control 
• Excellent Response to Dynamic Load Variation 
• 2.5 V Voltage Reference 
• Foldback Internally Set 
• Adjustable Over Current Time Out 
• Internal Fault Timer 
• Remote On/Off Pin (TSC113) 
• TTL Compatible Fault Shutdown Output Signal 

(TSC112) 

YouT G 
SUMMING AMP 
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CURRENT MODE MAG-AMP CONTROLLER 

GENERAL DESCRIPTION 
The TSC112/113 are monolithic CMOS ICs 

designed for use as Mag-Amp Controllers in second
aries of switch mode or resonant mode power supplies. 
They are the first Current Mode Mag-Amp Control I Cs. 
Current-Mode control has a number of important 
benefits for Mag-Amps. Among these benefits are 
simpler hardware design to close the control loop, 
faster transient response, and the ability to parallel with 
a single-wire. 

The TSC112/113 come in a 16-pin DIP or SOIC 
and has Remote On/Off or Fault signal, Fault Timer, 
and no internal foldback resistors. These devices are 
fabricated on CMOS for low power consumption. They 
will operate with supply voltages as low as 3.0 V and 
draw only 400 µA. Special processing techniques have 
virtually eliminated CMOS latch-up. 

The timer in the TSC112/113 allows the Mag
Amp to source peak current for any period from 0.5 to 
50 seconds, set by a single resistor. After the time out 
period a latch is set which shuts the output down. The 
latch can only be reset by recycling the power to the 
device. 

6-8 

The TSC112/113 includes a precision 1% 2.5 V 
voltage reference with a 100 ppm tempco and an error 
amplifier that has the negative rail as a part of the 
common mode range. 

The TSC112/113 has the terminals of all three 
amplifiers available for external compensation. A Fault 
Shutdown Signal (TSC112) or Remote On/Off (TSC113) 
pin is available. On the TSC113 this pin is the comparitor 
reference for the timing function. 

The TSC112/113 are designed with the ability 
to parallel Mag.-Amps for increased power capability 
and/or N+1 redundant applications. 
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DISPLAY A/D CONVERTERS 
2 1 /2 Digit Direct Display Drive 
Analog-to-Digital Converters 

TSC806/TSC807 

General Description: 
The TSC806/TSC807 are low power CMOS 

analog-to-digital converters which provide on-chip 
drivers for a 2 1/2 digit display. The TSC806 drives 
an LCD display, while the TSC807 provides 8 mA of 
drive current per segment to an LED display. The low 
power dissipation of the TSC806 makes it ideal for 
battery operated systems. All of the active 
components required to construct a measurement 
system with 0.5% resolution are provided by the 
TSC806/TSC807. Only a display, four resistors, and 
four capacitors are required to complete the system. 

Features: 
• Ideal for Medium Resolution Measurement 

Systems· 
-pH, Pressure, Temperature, etc. 

• 2 1/2 Digit Display (199 Counts, Max.) 
• Drive LCD or LED Displays Directly 
• Guaranteed Zero Reading with Zero Input 
• True Polarity at Zero for Precise Null Detection 
• 1 pA Input Current 
• Linearity Error Less Than One Count 
• Low Drift Internal Voltage Reference 

. . • • . . • . • . . • • . . • • • . . • • • . . . 50 ppm/ °C Drift 
• Low Power Operation •••.••••..•..... 10 mW 

pH I 0. '-I 

I~·'"'°" I "''" TSCB06 
TSCB07 
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Notes 

ENGINEER:------------------------- DEPT: ----

PROJECT: DATE:-----

DESCRIPTION--------------------------------
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DISPLAY AID CONVERTERS 

3 3/4 Digit AID Converter 
with Frequency Counter 

General Description: 
The TSC820 is a low power CMOS measurement 

system IC which includes both a 3 3/4 digit analog to 
digital converter and a frequency counter function. 
To further enhance functionally, two logic inputs are 
provided which drive LCD annunciators for high and 
low logic input levels. A peak hold input permits the 
highest ND or frequency reading to be held and 
displayed automatically Other features include a 
piezoelectric transducer driver, decimal point select 
inputs, and a low-battery detection/LCD annunciator 
driver circuit. The TSC820 includes on-chip drivers 
for a triplexed LCD display, and operates from a 
single 9 V battery. Package options include 40-pin 
DIP and 44-lead PLCC and compact flat packages. 
The 44-pin packages also include a hold input and 
underrange/overrange outputs. 

Vre 

ANALOG o------1---1 

INPUT 0-----1 

FREQUENCY 
INPUT o-t---1 

LOGIC LEVEL <>-<*---1 
INPUTS <>-<"!----I 

AID 
CONVERTER 

AID 
COUNTER 

DISPLAY 
FORMAT 

40kHz 

TO LCD 

TO BUZZER 
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TSC820 

Features: 
• 3 3/4 Digit (3999 maximum) Resolution 
• Frequency Measurement Input, 2 MHz Max 
• Low-Noise Analog to Dlgltal Convener 
• Differential Analog Signal Inputs 
• Low Analog Input Leakage •......... 1 pA typ 
• Differential Reference Inputs 
• Low Temperature Drift Reference ... 35 ppm/ 0 c 
• Peak Reading Hold 
• Two Logic Level Inputs with Annunciators 
• LCD Display with Trlplexed Drive 
• On-chip Decimal Point Control Inputs 
• Low Battery Detect with LCD Annunciator 
• Plezo Buzzer Driver 
• Single 9 V Battery Operation 
• 40-plil DIP or 44-lead PLCC and Flat Package 
• 44-pln Package Versions Also Include: 

-Underrange and Overrange Outputs 
-Display Hold Input to "Freeze" Reading 

- 3.9.9.9 
15 

TSC820 BUZ IN 

DISPLAY 
LATCH LE 

COMPARATOR 
DPO 

A>B DP1 

AID PEAK HOLD 

CONTROL UNDERRANGE 
OVERRANGE 

II 



Notes 

ENGINEER:-------------------------- DEPT:----

PROJECT: DATE:-----

DESCRIPTION ___________ ~---------------------
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DISPLA V A/D CONVERTERS 

3 1/2 Digit AID Converter 
with Frequency Counter 

General Description: 
The TSC821 is a low power CMOS measurement 

system IC which includes both a 3 1/2 digit analog to 
digital converter and a frequency counter function. 
The AID signal integrate time period can be divided 
by 10, which provides a 200 mV/2 V full scale 
analog input capability without external component 
changes. To further enhance functionally, two logic 
inputs are provided which drive LCD annunciators for 
high and low logic input levels. A peak hold input 
permits the highest AID or frequency reading to be 
held and displayed automatically 

Other features include a piezoelectric transducer 
driver, decimal point select inputs, and a low-battery 
detection/LCD annunciator driver circuit. The 
TSC820 includes on-chip drivers for a triplexed LCD 
display, and operates from a single 9 V battery. 
Package options include 40-pin DIP and 44-tead 
PLCC and compact flat packages. The 44-pin 
packages also include a hold input and 
underrange/overrange outputs. 

v,.. 

ANALOG ~~-r.......,-:::-""~ 
INPUT o-o+----t 

AID 
COUNTER 

LOGIC LEYEL ....... J-~r-:::Dl:SPLA::;;Y-, 
INPUTS o-.t----1.___FO_RM_A_T__, 

40kHz 

TSC821 

Features: 
• 31/2 Digit (1999 maximum) Resolution 
• Frequency Measurement Input, 2 MHz Max 
• Low-Noise Analog to Digital Converter 
• V1N110 Input for Easy Range Change, 200 mv or 

2 V Without External Component Change 
• Differential Analog Signal Inputs 
• Low Analog Input Leakage •.•••••••• 1 pA typ 
• Differential Reference Inputs 
• Low Temperature Drift Reference ••• 35 ppm/ °C 
• Peak Reading Hold 
• Two Logic Level Inputs with Annunciators 
• LCD Display with Trlplexed Drive 
• On-chip Decimal Point Control Inputs 
• Low Battery Detect with LCD Annunciator 
• Plezo Buzzer Driver 
• Single 9 v Battery Operation 
• 40-pln DIP or 44-lead PLCC and Flat Package 
• 44-pln Package Versions Also Include: 

-Underrange and Overrange Outputs 

6-13 

-Display Hold Input to "Freeze" Reading 

I OYER I I PK HOLD I I LO HATTI 

-1.9.9.9 
15 

DISPLAY 
LATCH 

TSC821 

LE 

BUZ IN 

DPO 

DP1 

PEAK HOLD t--....-- UNDERRANGE 
L-~,;.;.;,:::..J-1-- OYERRANGE 

II 



Notes 

ENGrNEER:-~----------------------- DEPT:------'

PROJECT: DATE:---""'----

DESCRIPTION--------------------------------
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DISPLAY A/D CONVERTERS 

3 3/4 Digit LCD Drive AID Converter 
with Low-Voltage Battery Operation 

TSC822/TSC823 

General Description: 
The TSC822 is a 3 3/4 digit (3999 counts, 

maximum) analog to digital converter which is 
optimized for low voltage battery operation. An 
on-chip DC-to-DC converter permits the TSC822 to 
operate from two 1.5 V batteries. Drivers for a 
multiplexed LCD display are included. Added 
features include low battery detect, decimal point 
inputs, and a HOLD input. An on-chip op-amp can be 
used as an AC-DC converter. The TSC823 includes 
all of the above features, but provides resolution of 
3 1/2 digits (1999 Maximum). 

Features: 
• High Resolution • 

-3 3/4 Digit (3999 Maximum) Resolution, 
TSC822 

-31/2 Digit (1999 Maximum) Resolution, 
TSC823 

• Operates from Two 1.5 V Batteries 
• High Impedance Differential Inputs 
• Differential Reference 
• On-Chip Voltage Reference 
• LCD Display Drivers with Triplex Drive 
• On-Chip Decimal Point Drivers 
• Low Battery Detect and Display 
• Hold Input and Display 
• Op·A.fllp for AC-DC Convener 
• Crystal Osclllator 
• 40-Pln DIP or 44-pln Compact Flat Package 

~ @TU 

-3.9.9.9 

DC 
v,.o---...._ _ _,, 

AC 

AID 
CONVERTER 

TRIPLEXED LCD 
DISPLAY DRIVE 

TSC822 
TSC823 

1--------------l HOLD 
____ __, 

DC-DC CONVERTER 
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DP1 

DP2 

DP3 
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Notes 

ENGINEER: _________________________ DEPT:-~---

PROJECT: DATE: -~---

DESCRIPTION--------------------------------

6-16 



~@W~Ol)©® [p)[f@@llil©fi ~ Ol)~@IT'mru~UD@Ol) 
DISPLA V AID CONVERTERS 

Autoranging AID Converter 
with Low-Voltage Battery Operation 

TSC824 (3 3/4) 
TSC814 (3 1/2) 

General Description: 
The TSC824 is an autoranging 3 3/4 digit (3999 

counts, maximum) analog to digital converter which 
is optimized for low voltage battery operation. An 
on-chip DC-to-DC converter permits the TSC824 to 
operate froin two 1.5 V batteries. Input ranges are 
automatically selected for both voltage and 
resistance measurements. Drivers for a multiplexed 
LCD display are included, with automatic decimal 
point selection and a full range of display 
annunciators. Added features include low battery 
detect, HOLD input.and on-chip op-amp for AC-DC 
conversion. 

The TSC814 includes all of the above features, but 
provides resolution of 31/2 digits (1999 maximum). 

Features: 
• Operates from Two 1.5 V Batteries 
• 3 3/4 Digit (3999 Maximum) Resolution 
• Autorange Operation for A~ & DC Voltage and 

Resistance Measurements-Two User-Selected 
AC/DC Current Ranges, 200 mA and 10 A 

• 22 Operating Ranges 
-4 DC/AC Voltage 
-9 Resistance 
-Low Power Ohms 

• On-Chip Voltage Reference 
• Trip lex LCD Display Drivers for Digits, Decimal 

Points, and Annunciators 
• Low Battery Detect and Display Annunciator 
• HOLD Input and Display Annunciator 
• Op-Amp for AC-DC Converter 
• Continuity Detection and Piezoelectric 

Transducer Driver 
• Compact 60-pln Flat Package 

TRl-PLEX LCD DISPLAY 

AC -MEM 1£'.':J HOLD LOO] 

CONTINUITY - 3 9 9 9 ~~A 
0 

INP UT 

I 
INP UT'-'" 

VOLTS 
INPUT 

....,. 

1 
co M~ 

RESISTOR ·suzzEyuTPUT 

I NElWORK DATA/ 
ANNUNCIATOR BACKPLANE 

DRIVE 

CONTINUITY 
DETECTION& ~ TRl-PLEX LCD DISPLAY J 

OUTPUT DRIVE & BACKPlANE DRIVE 
OHMS 

'--i DIVIDER I OSCILLATOR I SWITCH 

. H 3112 DIGIT j==- RANGE/FUNCTION 
VOLTAGE REFERENCE INTEGRATING ADC CONTROL LOGIC 

TSC824/814 

VOLTAGE DC-DC CONVERTER RESISTOR AC TO DC 
NETWORK DIVIDER I- CONVERTER 

LOW BATTERY 
SWITCHES DETECTION 

AC-DC CONVERTER J 
NETWORK 

Functional Diagram 
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TSC829 
4 1/2 DIGIT ADC WITH LCD DRIVE 

GENERAL DESCRIPTION 
The CMOS TSC829 combines a precision 41/2 

digit ADC, and triplex LCD display drive circuit in a 
single low power CMOS chip. The TSC829 offers 
several functional enhancements over the first gener
ation ICL7129 converter. An audio frequency continuity 
buzzer signal is generated on-chip along with the 
continuity logic output signal. The TSC829 eliminates 
the external audio signal generator and piezoelectric 
driver needed in 7129 based systems. More compact 
and less costly systems result. The 60-pin flat package 
also allows the complicated dual function 7129 input/ 
output control pins to be replaced by easy to use single 
function pins. 

By using the UP/DOWN, SIGN, X10 and con
version count out logic signals the data can be trans
ferred to a microprocessor. 

4 1/2 Digit Converter Comparison 

GE/INTERSIL 
FUNCTION TSCB29 ICL7129 

On-Chip 
Audio Frequency Continuity Yes No 
"Buzzer" Drive Signal 

Simple, Easy to Use Yes: Each No: Control Pins 
Decimal Point, Underrange, Control Are Multiplexed 
Overrange, Latch and End Input/Output And Serve 
Of Conversion Function Has Dual Functions 
Input/Output Separate Pin 
Control Pins 

Compact 60-Pin Surface 
Yes No 

Mount Flat Package 

Access to Internal Data 
Count Registers for Yes No 
µ-Processor Interface 

FEATURES 
• Triplex LCD Display Drive On-Chip 
• Control Signals and Data Output for µ-Processor 

Interface 
• Audio Frequency "Buzzer" Signal and Driver for 

Piezoelectric Continuity Transducer 
• On-Chip Low Battery Detector and LCD Annunciator 

Driver 
• On-Chip Continuity Detection and LCD Annunciator 

Driver 
• Easy to Use Single Function DP4, OR, UR, DP3, 

LATCH and EOC Input/Output Control Pins 
• 4 1/2 Digit Resolution 
• 10to1 Digitally Controlled Full-Scale Range Selection 
• Simple 1 V Reference for 200 mV or 2 V Full-Scale 

Range 
• 10 µV Resolution on 200 mV Full-Scale Range 

Pin Configuration 

ANNUNCIATOR 
DRIVE 

NC 

.. 
u u 

"·''"''": ~;:;-;: 
> 

------§~ 
0 
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POWER CONTROL 

Programmable Positive DC to DC Converter TSC965 

General Description 
The TSC965 is a monolithic CMOS programmable 

switched capacitor DC to DC converter. The 
TSC965 provides a low parts count means to provide 
on-board conversion of logic level voltages to 
7- 21 V. The TSC965 is designed to convert positive 
DC voltages and can be used in three different ways: 
as a preset + 12 V or+ 1 SV regulated converter, a 
programmable regulated converter, or an 
unregulated voltage multiplier. 

Features 
• Three modes of operation: 

-Unregulated Multlpllcatlon • • • • • • • 2X, 3X, 4X 
-Regulated Programmable •••••• +7 V to +18 v 
-Pin Selectable Regulated ••.••• +12 Vor +15 v 

• Input voltage Range ..••.••••• +3 v to +5.25 v 
• Output Current ••..••.••..••.•.••.•.• 40 mA 
• Low Standby Current ••••.••..••... 5 µA Max. 
• Voltage Reference Accuracy •..••..••••• 1.5% 
• ESD Protected • • . . • • . • • . . . . • • . . • . • • . ±2 KV 
• 16 Pin Package 

V+ 

OSCILLATOR REG. ENABLE 

LOW 
RESISTANCE 
SWITCHES 

CURRENT ---------'f--- OSC ENABLE 
REF 

C:i+ 

C:i-

DIGITAL 
LOGIC 

UNREGULATED C 4 
OUTPUT .....---+ _, 

1 LEVEL 
1 SHIFTERS 
I 
I 
I I 
I 

L----------------~ 
GND 

Block Diagram 
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TSC35C25A 
----------'T=--=S=--=-C35C27A 
CMOS PWM CONTROLLERS 

Pin-Out Diagram 

FEATURES 
• High Voltage . .. . . .. .. .. .. .. .. .. . 35 Volt Input 
• Low Power CMOS Construction 
• Low Supply Current . . . . . . . . . . . . . . 2.0 mA l'yp 
• Latch-Up Immune . . . . . . . >500 mA on Outputs 
• Above and Below Rail Input Protection ... 6 Volts 
• High Output Drive . . . . . . . . . . . . . . 500 mA Peak 
• Fast Rise/Fall Time . . . . . . . . . . 50 nS @ 1000pF 
• High Frequency Operation . . . . . . . . . . . 500 kHz 
• Clock Ramp Reset Current . . . . . . . 1 mA ± 10% 
• UV Hysterisis Guaranteed 
• Shutdown Pin Available 
• Double Ended 
• Soft Start 
• Low Prop Delay Current Amp 

to Output .. .. .. . .. . . .. . .. .. . .. . . <350 nS Typ 
• Low Prop Delay Shutdown 

to Output ....................... <400 nS Typ 

GENERAL DESCRIPTION 
The TSC35CXX family of PWM controllers are 

CMOS implementations of the industry standard voltage 
mode ICs. 

As well as offering power consumption 10 
times less than the industry standard the TSC35CXX 
family offers improved output drive, latch proof oper
ation, input protection 6 volts below the negative rail 
and improved propagation delay. 

Unlike first generation CMOS PWM ICs the 
35CXX family of devices can operate from two 
separate power supplies, one for the output stage and 
one for the control section. This allows "boot strap" 
operation of the IC. The CMOS output stage allows the 
output voltage swing to come within 25 m V of either rail. 

Other improved features are tightened hysterisis 
and UV start up points that a specified over temperature 
and low input bias currents on all inputs making these 
devices especially useful for high voltage supplies. An 
internal 35 volt zener diode on the input is available as a 
clamp for those applications where external clamps are 
not available. 
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CMOS Current Mode 
SMPS Controller 

General Description 
The TSC38C42/43 and TSC172/173 are current 

mode CMOS PWM control ICs. With a low 1.5 mA 
supply current along with the high drive currents, 
1.2 A typical, the TSC38C42/43 provide a low cost 
solution for many PWM needs since they can be 
driven without a 50-60 Hz transformer and can 
directly drive MOSFETs up to HEX 3 size. 

The TSC38C42/43 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA ±10% for accurate 
deadtime control. 

The TSC1721173 adds additional features. The 
TSC1721173 comes in an 14 pin package instead of 
an 8 pin. This allows a linear timing ramp for the 
clock (instead of exponential), user adjustable 
undervoltage start and hysterisis levels as well as 
separate output drive and control grounds. In 
addition the TSC172 offers a separate shutdown pin 
for fast output shutdown while the TSC173 offers an 
open collector output pin that pulls low when the user 
adjusted under voltage lockout drops out. 

GND 

UYLO 

UYHl 

2.SV ..,__ _ __, 

ERAORAMP 

TSC38C42-45/TSC172-175 Block Diagram 

Features 

TSC38C42/TSC38C43 
TSC172/TSC173 

• Low Power CMOS Construction 
• Low Supply Current .............. 1.5 mA Typ 
• Wide Supply Voltage Operation 8.0 to 28 Volts 
• Latch-Up Immunity •.•..••• 500 mA on Outputs 
• Above and Below Rall Input Protection 6 Volts 
• High Output Drive • . . . • . • • . . . . . • . . 1.2 A Peak 
• Current Mode Control 
• Fast Rise/Fall Time . • . . . . • • . • 30 nS @ 1 ooo pf 
• High Frequency Operation •......... 500 KHz 
• Clock Ramp Reset Current ......•.. 1 mA 10% 
• Fixed UV Lockout TSC38C42/43 ...•.. 16 V/8 V 
• Adjustable UV Lockout TSC172/173 
• Adjustable UV Hysterlsls TSC172/173 
• Shutdown Pin Available on TSC172 
• UV Lockout Pin Available 

on TSC173 .............. 30 V Open Collector 
• 99% Duty Cycle Limited 
• Soft Start 
• Low Prop Delay Current Amp 

to Output ..................... < 250 ns Typ 
• Low Prop Delay Shutdown 

to Output . . • • • • • . • • . . . . • . • • . . . < 200 nS Typ 
• TSC38C42/43 Pin Compatible with Unltrode 

UC3842/3843 
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POWER CONTROL 
CMOS Current Mode 

SMPS Controller 

General Description 
The TSC38C44/45 and TSC174/175 are current 

mode CMOS PWM control ICs. With a low 1.5 mA 
supply current along with the high drive currents, 1.2 
A typical, the TSC 38C44/45 provide a low cost 
solution for many PWM needs since they can be 
driven without a 50-60 Hz transformer and can 
directly drive MOSFETs up to HEX 3 size. 

The TSC38C44/45 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA ±10% for accurate 
deadtime control. 

The TSC174/175 adds additional features. The 
TSC174/175 comes in an 14 pin package instead of 
an 8 pin. This allows a linear timing ramp for the 
clock (instead of exponential), user adjustable 
undervoltage start and hysterisis levels as well as 
separate output drive and control grounds. In 
addition the TSC174 offers a separate shutdown pin 
for fast output shutdown while the TSC175 offers an 
open collector output pin that pulls low when the user 
adjusted under voltage lockout drops out. 

The 38C44 family is limited by an additional flip flop 
to 49%. This makes this family of PWM controllers 
ideal for forward converter circuits. 

TSC38CA2 
TSC38C43 
TSC38C44 
TSC38C4S 

TSC38C42 
TSC38C43 
TSC38C44 
TSC38C45 

..,'" TSC173 
TSC175 

TSC173 
TSC175 

TSC38C42 
TSC38C43 
TSC38C44 
TSC38C.t5 

TSC38C42 
TSC38C43 
TSC38C44 
TSC38C45 

TSC38C44/TSC38C45 
TSC174/TSC175 

Features 
• Low Power CMOS Construction 
• Low Supply Current ..•........... 1.5 mA TYP 
• Wide Supply Voltage Operation 8.0 TO 28 Volts 
• Latch-Up Immunity ••••.••. 500 mA on Outputs 
• Above and Below Rall Input Protection 6 Volts 
• High Output Drive • • • • • • . • • • . . • . . . 1.2 A Peak 
• Current Mode Control 
• Fast Rise/Fall Time ..••.....• 30nS@1000 pF 
• High Frequency Operation •.•••...•. 500 KHz 
• Clock Ramp Reset Current ........ 1mA10% 
• Fixed UV Lockout TSC38C44/45 .•..•. 16 V/8 v 
• Adjustable UV Lockout TSC174/175 
• Adjustable UV Hysterlsls TSC174/175 
• Shutdown Pin Available on TSC174 
• UV Lockout Pin Available 

on TSC175 ..••.....••.•• 30 V Open Collector 
• 49% Duty Cycle Limited 
• Soft Start 
• Low Prop Delay Current Amp 

to Output . . . . • • . • . . • • . . • • . • • . • < 250 ns Typ 
• Low Prop Delay Shutdown 

to Output . . • • • . . . • . • • . . • • . • • • • < 200 nS typ 
• TSC38C44/45 Pin Compatible with Unltrode 

UC3844/3845 
• ESD Protected ..•......•..••.••••.•• ±2 KV 
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CMOS Current Mode 
SMPS Controller 

General Description 
The TSC38C46/47 are current mode CMOS PWM 

control ICs. These only draw 2.0 mA supply current, 
so they can be driven without a costly 50-60 Hz 
transformer. The output drive stage is capable of 
high drive currents, 300 mA typical. 

The TSC38C46/47 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA ±10% for accurate 
deadtime control. 

This second generation part has been designed 
with an isolated drive stage. Unlike its cousin the 
TSC170 the output stage of the TSC38C46/47 can 
be run from a separate power supply such as a 
secondary winding oh an output transformer. This 
allows for boot strap start-up of the power supply. 

TSC38C46/TSC38C47 

Features 
• 2nd Generation TSC170 
• Isolated Output Drive 
• Low Power CMOS Construction 
• Low Supply Current • • . • • • • • . • • . . 2.0 mA Typ 
• Wide Supply Voltage Operation 8.0 To 16 Volts 
• Latch-Up Immunity •......• 500 mA on Outputs 
• Above and Below Rall Input Protection 6 Volts 
• High Output Drive .............. 300 mA Peak 
• Current Mode Control 
• Fast RlseFfall Time ...•....•. 50nS@1000 pF 
• High Frequency Operation ••••••••.• 500 KHz 
• Clock Ramp Reset Current ••.•••••. 1mA 10% 
• UV Hysterlsls Guaranteed 
• Shutdown Pin Available 
• Double Ended 
• SoftStan 
• Low Prop Delay Current Amp 

to Output ..................... < 350 nS Typ 
• Low Prop Delay Shutdown 

to Output ..................... < 400 nS Typ 
• TSC38C46/47 Pin Compatible with Unltrode 

UC3846/3847 
• ESD Protected • • . .. • • .. . .. . . . . • • . • • • ±2 KV 

r--------------------------------2-----------------
VrH 15: S.1 VOLT 

REFERENCE 
I 

A ~•:_r---. 
o : OSCILLATOR 

c, o..',,' --L--...l 
I 

SYNCH o.."'r------~'------l----~-....-... 

-CURRENT SENSE INPUT 

...CURRENT SENSE JN PUT 4
: 

+ERROR AMP 1NPUT 
I 

·ERRORAMPINPUT 81 

Block Diagram 
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3A DUAL HIGH SPEED 
MOSFET DRIVER 

FUNCTIONAL DIAGRAM 

V•U---+---~ 

1.SmA 

-:- GND 

FEATURES 
• Tough CMOS'" Construction 
• Latch Up Protected. Withstand >500mA Reverse 

Current 
• Logic Input will Withstand Negative Swing Up lo 6V 
• ESD Protected . . . . . . . . . . . . . . . . . . . . . . . . . . 2KV 
• High Peak Output Current . . . . . . . . . 3.0 A Peak 
• Wide Operating Range . . . . . . . . . . . 4.5 V to 18 V 
• High Capacitive Load 

Drive Capability . . . . . . . . . . . . . 1800 pf in 20 nS 
• Low Delay Time . . . . . . . . . . . . . . . . <40 nS Typ. 
• Consistent Delay Times with Changes in Supply 

Voltage 
• Matched Rise and Fall Times 
• Logic High Input for Any Voltage from 2.4 V to Vs+ 
• Logic Input Threshold Independent of Supply Voltage 
• Low Supply Current 

- 5 mA with Logic 1 Input 
- 350 µA with Logic O Input 

• Low Output Impedance . . . . . . . . . . . . 3.5 0, Typ. 
• Output Voltage Swing to Within 25 mv of Ground or 

Vs+ 
• Pin-Out Same as TSC426-428 
• Available in Inverting & Non-Inverting Configurations 

NON-INVERTING INVERTING 
OUTPUT OUTPUT 

TSC442~-M4425 
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TSC4423 
TSC4424 
TSC4425 
GENERAL DESCRIPTION 

The TSC4423-4425 Tough CMOsT• MOSFET 
Drivers are tough, efficient, and easy to use. This family 
of devices are 3A (peak) dual output MOSFET Drivers, 
with the same pin~outs as the popular TSC426-428 
series. 

The TSC4423-4425 peak drive capability .is 
well suited to drive intermediate size MOSFETs (Hex 
3-5). Thisenhanceddrivecapabilitywill improve overall 
system efficiency and Safe Operating Area margin. 

These devices are .tough due to extra .steps 
taken by Teledyne Semiconductor to protect. these 
devices from failures. An epitaxial layer is· used to 
prevent CMOS Latch-up. Proprietary circuits . have 
been added to allow the input to swing as much as 6V 
negative witho!Jt damaging the device. Special circuits 
have also been added to protect against damage from 
Electro Static Disc;harge. A special molding compound. 
is used for increased moisture resistance and increased 
ability to withstand high voltages. Teledyne Semi
conductor.devices are also tough because of Teledyne 
Semiconductor's World-Class process controls and 
device quality. 

Because these devices are fabricated in CMOS 
they run cool, use less power and are easier to drive. 
The rail-to-rail swing capability of CMOS better insures 
adequate gate voltage to the MOSFET during PWM 
power on/off sequencing. 

The Tough CMOST" Drivers are flexible and·. 
easy to use. These devices replace six or more discrete 
components with a single device to save PCB area. 
These Drivers can be driven from any input from 2.4 V 
to Vs without the need for external speed-up capacitors 
or resistor networks. 

This family is available in inverting and non
inverting configurations. There is a Teledyne Semi
conductor Tough CMOST• MOSFET Driver that is just 
right for any application. 

3A DUAL HIGH SPEED 
. MOSFET DRIVER 

Ordering lnforma.tion 

Te111perature 
Part No. Package Range 

TSC4423COE 16-Pin SO Wide o•c to +10°c 

TSC4423CPA 8-Pin Plastic DIP o•c to +10°c 

TSC44231JA 8-Pin CerDIP -2s0 c to +as•c 

TSC4423MJA 8-Pin CerDIP -'55°C to +12s0 c 

TSC4423MJA/883 8-Pin CerDIP -ss•c to +125°C 

TSC4424COE Ht-Pin SO Wide o•c to +10°c 

TSC4424CPA 8-Pin Plastic DIP o•c to +1o•c 
TSC44241JA 8-Pin cerDiP -2s0 c to +85°C 

TSC4424MJA 8-Pin CerDIP .:..ss•c to +12s0 c 

TSC4424MJA/883 8-Pin CerDIP -ss•c to +125°C 

TSC4425COE 16-Pin SO Wide o•c to +10°c 

TSC4425CPA 8-Pin Plastic DIP o•c to +10°c 

TSC44251JA 8-Pin CerDIP -2s0 c to +0s0 c 

TSC4425MJA 8-Pin CerDIP -ss•c to +125°C 

TSC4425MJA/883 8"Pin cerDIP -ss•c to +12s0 c 
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NEW PRODUCT INFORMATION 

Absolute Maximum Ratings (Notes 1, 2 and 3) 

Power Dissipation Operating Temperature 

TSC4423 
TSC4424 
TSC4425 

Plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
CerDIP . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Derating Factors 

M Version . . . . . . . . . . . . . . . . . . . -55°C to +125°C 
I Version . . . . . . . . . . . . . . . . . . . . . -25°C to +85°C 
C Version . . . . . . . . . . . . . . . . . . . . . . 0°c to +70°C 

Plastic . . . . . . . . . . . . . . . . 5.6 mW/°C Above 36°C 
CerDIP ........................... 6.0 mW/°C 

Supply Voltage ............................ 20 V 

Maximum Chip Temperature . . . . . . . . . . . . . +150°C 
Storage Temperature . . . . . . . . . . . -55°C to +150°C 
Lead Temperature (10 Sec.) . . . . . . . . . . . . . . . 300°C 

Input Voltage Any Terminal . . . . . . . . . . . Vs + 0.3 V 
to Ground - 0.3 V 

TSC4423/4424/4425 Electrical Characteristics: 
TA = 25°C with 4.5 V :S Vs :S 18 V unless otherwise specified. 

SYM-
TYPE BOL PARAMETER CONDITIONS 

I-
V1H Logic 1 Input Voltage 

::::> 
V1L Logic 0 Input Voltage II. 

~ 

l1N Input Current 0 :S V1N :S Vs 

VoH High Output Voltage 

VoL Low Output Voltage 

I- Ro Output Resistance HI State lour = 10 mA, Vs = 18V 
::::> 
II. 

Ro Output Resistance LO State lour= 10 mA, Vs = 18V I-
::::> 
0 

lpK Peak Output Current 

I 
Latch-Up Protection Withstand 
Reverse Current 

CJ TR Rise Time Test Figure 1, CL = 1800 pF 
z 

TF Fall Time Test Figure 1, CL = 1800 pF 5~ 
!::: I- To1 Delay Time Test Figure 1, CL= 1800 pF 
~ 

"' To2 Delay Time Test Figure 1, CL = 1800 pF 

a:~ Is Power Supply Current V1N = 3.0 V (Both Inputs) ...... 
~ ... 
O::::> Is Power Supply Current V1N = 0.0 V (Both Inputs) """' 

TSC4423/ 4424/ 4425 Electrical Characteristics: 

MIN 

2.4 

-

-1 

Vs-0.025 

-

-

-

-

>500 

-

-

-

-

-

-

Over operating temperature range with 4.5 V :S Vs :S 18 V unless otherwise specified. 

SYM-
TYPE BOL. PARAMETER CONDITIONS MIN 

V1H Logic 1 Input Voltage 2.4 
I-
::::> 

V1L Logic 0 Input Voltage II. -
~ 

l1N Input Current 0 :S V1N :S Vs -10 
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TYP MAX UNIT 

- - v 
- 0.8 v 
- 1 µA 

- - v 
- 0.025 v 
3.5 7 n 
3.5 7 n 
3 - A 

- - mA 

- 20 ns 

- 20 ns 

- 40 ns 

- 40 ns 

- 5.0 mA 

- 350 µA 

TYP MAX UNIT 

- - v 
- 0.8 v 
- 10 µA 
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TSC4423 
TSC4424. 
TSC4425 
TSC4423/4424/4425 Electrical Characteristics: 

3A DUAL HIGH SPEED 
MOSFET DRIVER 

Over operating temperature range with 4.5 V :5 Vs::; 18 V unless otherwise specified. (Continued) 

SYM-
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VoH High Output Voltage Vs-0.025 - - v 
.... VoL Low Output Voltage - - 0.025 v 
~ 
§ Ro Output Resistance V1N = 0.8 V - 5 . 10 n 

louT = 10 mA, Vs = 18 V 

Ro Output Resistance 
V1N = 2.4 V - 5 10 n 
louT = 10 mA, Vs = 18 V 

TA Rise Time Test Figure 1, CL= 1800 pF - - 40 ns 
CJ z 

TF Fall Time Test Figure 1, CL = 1800 pF - 40 :c!ll - ns 
f:?-

To1 Delay Time Test Figure 1, CL = 1800 pF - 60 li .... - ns 
U) 

To2 Delay Time Test Figure 1, CL = 1800 pF 60 - - ns 

a:~ Is Power Supply Current V1N = 3.0 V (Both Inputs) - - 8.0 mA lh: 
2i Is Power Supply Current V1N = 0.0 V (Both Inputs) - - 0.6 mA 

TSC4423/4424/4425 Electrical Characteristics: 
TA = 25°C with 4.5 V ::; Vs ::; 18 V unless otherwise specified. 

SYM-
TYPE BOL PARAMETER . CONDITIONS MIN TYP · MAX UNIT 

V1H Logic 1 Input Voltage 2.4 - - v 
~ V1L Logic O Input Voltage - - 0.8 v 
ii!!: .. 

l1N Input Current 0 :5 V1N :5 Vs -1 - 1 µA 

VoH High Output Voltage Vs-0.025 - - v 
!; VoL Low Output Voltage - - 0.025 v 
~ Ro Output Resistance Hi State louT = 10 mA, Vs = 18 V - 3.5 7 n 
0 

.Ro Output Resistance LO State louT = 10 mA, Vs = 18 V - 3.5 7 n 
lpK Peak Output Current - 3 - A 

TA Rise Time Test Figure 1, CL = 1800 pF - - 20 ns 
!I TF Fall Time Test Figllre 1, CL '" 1800 pF - - 2-0 ns :C!ll 
iF= To1 Delay Time Test Figure 1, CL= 1800 pf - - 40 ns 
U) 

To2 Delay Time Test Figure 1, CL= 1800 pF 4(/., - - ns 

a:~ Is Power Supply Current V1N = 3.0 V (Both Inputs) -··· - 8.0· mA 

Ii Is Power Supply Current V1N = 0.0 V (Both Inputs) - - 0.4 mA 

Notes: 
1. Functional operation above the absolute maximum stress ratings is not implied. 
2. Static Sensitive device. Unused devices must be stored fn conductive material to protect devices from static discharge and static fields. 
3. Switching times guaranteed by design. 
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~~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

1.SA DUAL HIGH SPEED 
MOSFET DRIVER 

FUNCTIONAL DIAGRAM 

V• <>---+----, 

1.SmA 

1.SmA 

7 GND 

FEATURES 
• Tough CMOS'" Construction 
• Latch Up Protected. Withstand >500mA Reverse 

Current 
• Input Will Withstand Negative Inputs up to 6V 
• ESD Protected . . . . . . . . . . . . . . . . . . . . . . . . . . 2KV 
• High Peak Output Current . . . . . . . . . 1.5 A Peak 
• Wide Operating Range . . . . . . . . . . . 4.5 V to 20 V 
• High Capacitive Load 

Drive Capability . . . . . . . . . . . . . 1000 pf in 20 nS 
• Low Delay Time ................ <40 nS Typ. 
• Consistent Delay Times with Changes in Supply 

Voltage 
• Matched Rise and Fall Times 
• Logic High Input for Any Voltage from 2.4 V to Vs+ 
• Logic Input Threshold Independent of Supply Voltage 
• Low Supply Current 

- 5 mA with Logic 1 Input 
- 350 µA with Logic 0 Input 

• Low Output Impedance . . . . . . . . . . . . . . . . . . 7 0 
• Output Voltage Swing to Within 25 mVof Ground or 

Vs+ 
• Pin-Out Same as TSC426-428 
• Available in Inverting & Non-Inverting Configurations 

..,"' TSC4426/4427/4428 

NON-INVERTING INVERTING 
OUTPUT OUTPUT 

TSC4427--~28 

U.S. Patent No. 4,769,589 
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T.SC4426 
T$C4427 
TSC4428 
GENERAL DESCRIPTION 

The TSC4426-4428 Tough CMOST• MOSFET 
Drivers are tough, efficient, and easy to use. This family 
of devices are 1.5A (peak) dual output MOSFET 
Drivers, with the same pin-outs as the popularTSC426-
428 series. 

The TSC4426-4428 peak drive capability is 
well suited to drive small to intermediate sizeMOSFET.s 
(Hex 1-4). The enhanced drive capability will improve 
overall system efficiency and Safe Operating Area 
margin, 

These devices are tough due to extra steps 
taken by Teledyne Semiconduct<;>r to protect these 
devices from failures. An epit"'xial layer is used to 
prevent CMOS Latch-up. Proprietary circuits have 
been added to allow the input to swing as much as 6 V 
negative without damaging the device. Special circuits 
have also been added to protect against damage from 
Electro Static Discharge; A special molding compound 
is used for increased moisture. resistance arn;:l increased 
ability to withstand high voltages. Teledyne Semi
conductor devices are also tough because of Teledyne 
Semiconductor's .World-Class ·process controls and 
device quality. 

Because these devices are fabricated in CMOS 
they run cool, use less power and are easjer to drive. 
The rail-to-rail swing capability qf CM0$ better insures 
adequate gate voltage to the MOSFET during PWM 
power on/off sequencing. 

The Tough CMOsT• Drivers are flexible and 
easy to use. These devices replace six or more discrete 
components with a single device to save PCB area. 
These Drivers can be driven from any input from 2.4 V 
to Vs without the need for external speed-up capacitors 
or resistor networks. 

These devices are available in inverting and 
non-inverting configurations. There is a Teledyne 
Semiconductor Tough CMOST• MOSFET Driver that is 
just right for any application. 

Pin Configuration 

~ 
INVERTING 

NC ,. NO CONNECTION 

1.5A DUAL HIGH. SPEED 
MOSFET DRIVER 

Ordering lnfonnation 

Teinpe.,.ure 
Part No. Package Range 

TSC4426COE 16-Pin SO Wide 0°c to +10°c 

TSC4426CPA 8-Pin Plastic DIP 0°c to +10°c 

TSC44261JA 8-Pin CerDIP -2s0 c to +85°C 

TSC4426MJA 8-Pin CerDIP -ss•c to +12s0 c 

TSC4426MJA/883 8-Pin CerDIP -ss•c to +12s0 c 

TSC4427COE 16-Pin SO Wide 0°c to +10°c 

TSC4427CPA ~Pin Plastic DIP 0°c to +10°c 

TSC44271JA 8-Pin CerDIP -2s0 c to +85°C 

TSC4427MJA 8-Pin CerDIP -ss•c to +12s0 c 

TSC4427MJA/883 8-Pin CerDIP -ss•c to +12s0 c 

TSC4428COE 16-Pin SO Wide 0°c to +10°c 

TSC4428CPA "· 8-Pin Plastic DIP 0°c to +10°c 

TSC44281JA 8-Pin CerDIP -2s0 c to +8s0 c 

TSC4428MJA 8-Pin CerDIP -ss•c to +12s0 c 

TSC4428MJA/883 8-Pin CerDIP -ss•c to +12s0 c 

~ 
NON-INVERTING 
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NEW PRODUCT INFORMATION 

Absolute Maximum Ratings (Notes 1, 2 and 3) 

Power Dissipation Operating Temperature 

TSC4426 
TSC4427 
TSC4428 

Plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
CerDJP . . . . .. . . . . .. . . . . .. . . . . . . . .. . . 800 mW 

Derating Factors 

M Version ..................... -55°C to 125°C 
I Version . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
C Version . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Plastic . . . . . . . . . . . . . . . . 5.6 mW/°C Above 36°C Maximum Chip Temperature . . . . . . . . . . . . . . 150°C 
CerDIP ........................... 6.0 mW/°C Storage Temperature ............. -55°C to 150°C 

Supply Voltage ............................ 22 V 
Input Voltage Any Terminal . . . . . . . . . . . Vs + 0.3 V 

to Ground - 0.3 V 

Lead Temperature (10 Sec.) . . . . . . . . . . . . . . . 300°C 
CerDIP OJA (°C/W) .. . . .. . . .. .. . .. .. . . . . . 150°C 
Plastic BJA (°C/W) . . . . . . . . . . . . . . . . . . . . . . . 170°C 

TSC4426 Electrical Characteristics: 
Specifications measured at TA = 25°C with 4.5 V::::; Vs::::; 18 V unless otherwise specified. 

SYM- TSC4426 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V1H Logic 1 Input Voltage 2.4 - - v 
I-
=> V1L Logic O Input Voltage - - 0.8 v a.. 
:!!: 

l1N Input Current 0 S V1N S Vs -1 - 1 µA 

VoH High Output Voltage Vs-0.025 - - v 
VoL Low Output Voltage - - 0.025 v 

Ro Output Resistance V1N =a.av - 7 10 n 
I- louT = 10 mA, Vs = 18V 
=> a.. 

V1N = 2.4V I-
Ro Output Resistance 7 10 n => -

0 louT = 10 mA, Vs = 18V 

lpK Peak Output Current - 1.5 - A 

I 
Latch-Up Protection Withstand 

>500 - - mA 
Reverse Current 

Cl TR Rise Time Test Figure 1 - - 30 ns 
z 

TF Fall Time Test Figure 1 35 ~~ 
- - ns 

t: I- To1 Delay Time Test Figure 1 - - 50 ns ;;:: 
"' T02 Delay Time Test Figure 1 55 - - ns 
a::::; Is Power Supply Current V1N = 3.0 V (Both Inputs) - - 4.0 mA 
~8: 
0=> Is Power Supply Current V1N = 0.0 V (Both Inputs) - - 0.4 mA a..cn 

TSC4427 Electrical Characteristics: 
Specifications measured at TA = 25°C with 4.5 V ::::; Vs ::::; 18 V unless otherwise specified. 

SYM- TSC4427 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V1H Logic 1 Input Voltage 2.4 - - v 
I-
=> V1L Logic 0 Input Voltage - - 0.8 v a.. 
:!!: 

1 µA l1N In put Current 0 S V1N S Vs -1 -
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TSC4426 
TSC4427 
TSC4428 

1.SA DUAL HIGH SPEED 
MOSFET DRIVER 

TSC4427 Electrical Characteristics: 
Specifications measured at TA = 25°C with 4.5 V ::::: Vs ::::: 18 V unless otherwise specified. (Continued) 

SYM- TSC4427 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VoH High Output Voltage Vs-0.025 - - v 
Vol Low Output Voltage - - 0.025 v 

Ro Output Resistance V1N = 2.4 V - 7 10 Cl ... louT = 10 mA, Vs = 18 V ~ ... ... V1N = 0.8 V ~ Ro Output Resistance - 7 10 Cl 0 louT = 10 mA, Vs = 18 V 

lpK Peak Output Current - 1.5 - A 

I Latch-Up Protection Withstand 
>500 - - mA 

Reverse Current 

TR Rise Time Test Figure 1 - - 30 ns 
C> z 

TF Fall Time Test Figure 1 30 :c !Iii - - ns 
gi= To1 Delay Time Test Figure 1 - - 40 ns 
1'; 

To2 Delay Time Test Figure 1 - - 55 ns 
cc~ Is Power Supply Current V1N = 3.0 V (Both Inputs) - - 4.0 mA ...... 
== ... o~ Is Power Supply Current V1N = 0.0 V (Both Inputs) - - 0.4 mA a. en 

TSC4428 Electrical Characteristics: 
Specifications measured at TA = 25°C with 4.5 V ::::: Vs ::::: 18 V unless otherwise specified. 

SYM- TSC4428 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

... V1H Logic 1 Input Voltage 2.4 - - v 
~ V1L Logic O Input Voltage - - 0.8 v ... 
3!!: 

l1N Input Current 0 :S V1N :S Vs -1 - 1 µA 

VoH High Output Voltage Vs-0.025 - - v 
VoL Low Output Voltage - - 0.025 v 

Ro Output Resistance 
Output High - 7 10 Cl 
louT = 10 mA, Vs = 18 V ... 

~ Output Low ... Ro Output Resistance - 7 10 Cl ... louT = 10 mA, Vs = 18 V ~ 
0 

lpK Peak Output Current - 1.5 - A 

I Latch-Up Protection Withstand 
>500 - - mA 

Reverse Current 

C> TR Rise Time Test Figure 1 - - 30 ns 
z 

TF Fall Time Test Figure 1 30 :c ... - - ns 
u::I! 
!:: t= To1 Delay Time Test Figure 1 - - 40 ns 
== en 

To2 Delay Time Test Figure 1 55 - - ns 
cc~ Is Power Supply Current V1N = 3.0 V (Both Inputs) - - 4.0 mA ...... 
~~ Is Power Supply Current V1N = 0.0 V (Both Inputs) - - 0.4 mA a.en 

Notes: 
1. Functional operation above the absolute maximum stress ratings is not implied. 
2. Static Sensitive device. Unused devices must be stored in conductive materialto protect devices from static discharge and static fields. 
3. Switching times guaranteed by design. 
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.., ... TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC805 
3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 
- Two User Selected AC/DC Current Ranges 20 

and 200 mA 
• 22 Operating Ranges 

- 9 DC/AC Voltage 
- 4 AC/DC Current 
- 9 Resistance and Low Power Ohms 

• Low Cost Switches Control Operation 
• 31/2 Digit Resolution in Auto-Range Mode . . 1/2000 

- Extended Resolution in Manual Mode ... 1/3000 
• Memory Mode for Relative 

Measurements . . . . . . . . . . . . . . . . . . . . . . ±5% F.S. 
• Internal AC to DC Conversion Op Amp 
• Triplex LCD Drive for Decimal Points, Digits and 

Annunciators 
• Continuity Detection and Piezoelectric Transducer 

Driver 
• Compact Surface Mounted 60-Pin Quad Flat Package 
• Low Drift Internal Reference . . . . . . . 75 ppm/°C 
• 9 V Battery Operation 
• Low Battery Detection and LCD Annunciator 
• Low Power CMOS . . . . . . . . . . . . . . . . . . . 10 mW 
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GENERAL. DESCRIPTION 
The TSC805 is a 31/2 digit integrating analog

to-digital converter with triplex LCD display drive and 
automatic ranging. Input voltage/ohm attenuators 
ranging from 1 to 1/10,000 are automatically selected. 
Five full-scale ranges are provided. The CMOS TSC805 
contains all the logic and analog switches needed to 
manufacture an auto-ranging instrument for ohms and 
voltage measurements. User selected 20 mA and .200 
mA current ranges are available. Full-scale range and 
decimal point LCD annunciators are automatically set 
in auto-range operation. Auto-range operation is availc 
able during ohms (high and low power ohms) and 
voltage (AC & DC) measurements. Auto-ranging elimi
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 
costly to design. The auto-range feature may be 
bypassed allowing decimal point selection and input 
attenuator selection control through a single line input. 
Expensive rotary switches are not required. 

During manual mode operation resolution is 
extended to 3000 counts full-scale. The extended 
range operation is indicated by a flashjng 1 MSD. The 
extended resolution is available during 2000 kn and 
2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading-up to 
±5% of fu.11 scale-from subsequent measurements. 
Typical applications involve probe res.istance compen
sation for resistance measurements, tolerance measure
ments, and tare weight measurement. 

The TSC805 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
capacitors are required. 

A complete LCD annunciator set describes the 
TSC805 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 
display annunciator. The triplex LCD display drive 
levels may be set and temperature compensation 
applied via the Vo1sp pin. 

The "low ohms" measurement option allows in 
circuit resistance measurements by preventing semi
conductor junctions from being forward biased. 

3 1/2 DIG.IT AUTO-RANGING 
ANALOG~TO-Dl.GITAL CONVERTER 

7-4 

A. continuity buzzer output is activated. with 
inputs less than 10/o of full-scale. An overrange input 
signal also enables the buzzer, except during resistance 
measurements, and flashes the MSD display. Featuring 
single 9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact surface mounted 60-pin quad flat 
package, the TSC805 is ideal for portable instruments. 

Ordering Information 

Part No. 

TSC805CBQ 

TSC805CSQ 

Package 

60-Pin Plastic Quad 
Flat Package 
Formed Leads 

60-Pin Plastic Quad 
Flat Package 
Straight Leads 

Pin Configuration 

Cl 

~ ~ ~ ~ § 

- z z • • w 
w • 
• u 

Temperature 
Range 

0°c to 10°c 

0°c to 10°c 

CREFL 

RMREFL 

RMREFH 

ANALOG COM 

vcc 

> Lu:o-'------------' 
BACKPLANES 



PRODUCT INFORMATION 

TSC805 
Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage .......................... V+ to V-

Storage Temperature . . . . . . . . . . . . . . . . . -65° C to +160° C 

Reference Input Voltage ....................... V+ to V-
Lead Temperature (Soldering, 60 sec.) ........... 300° C 

Voltage at Pin 43 . . . . . . . . . . . . . . . . . . . . . . . . . . GND ±0.7 V 
Power Dissipation 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 
Operating Temperature 

"C" Devices .......................... 0°c to +70°C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 

Electrical Characteristics: Vs= 9 V, TA= 25°C, Figure 1 Test Circuit 

TEST TSC805 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

200 mV Range w/o 10 MD 
Input Resistor 

-0000 0000 +0000 Digital 

Zero Input Reading 200 mV Range w/10 MD Input -0001 +0001 
Reading 

20 mA and 200 mA Range -0000 0000 +0000 

200 mV Range w/o 10 MD ±1 
Input Resistor 

2 RE Rollover Error 200 mV Range w/10 Mfl Input ±3 Count 

20 mA and 200 mA Range ±1 

3 NL Linearity Error Best Case Straight Line ±1 Count 

4 iiN Input Leakage Current 10 pA 

5 EN Input Noise BW=0.1to10 Hz 20 µ.Vp-p 

6 AC Frequency Response ±1% Error 40 to 500 Hz 
±5% Error 40 to 2000 

7 Open Circuit Voltage 
Exel udes 200 D Range 570 660 mV 

for OHM Measurements 

8 Open Circuit Voltage 
Exel udes 200 fl Range 285 350 mV 

for LO OHM Measurement 

9 VeoM Analog Common Voltage (V+ -VeoM) 2.5 2.6 3.3 v 

10 Vere 
Common Voltage 50 ppm/°C 
Temperature Coefficient 

11 Display Multiplex Rate 100 Hz 

12 V1L Low Logic Input 
20 mA, A~ Low D, 
Range, -MEM, OHMs v 
(Relative to DIG GND Pin 56) 

20 mA, A~Low D, 
13 Logic 1 Pull Up Current Range, -MEM, OHMs 25 µ.A 

(Relative to DIG GND Pin 56) 

14 Buzzer Drive Frequency 4 kHz 

15 Low Battery Flag Voltage Vee to VssA 6.3 6.6 7.0 v 

16 Operating Supply Current 0.8 1.5 mA 

Note: 
1. 200 n range open circuit voltage approximately 2.8 V. 
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3 1/2 DIGIT AUl':O-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

Pin Description and Function Table 1: 
PIN NO .. 

(Quad Flat SYMBOL 
Package) 

OHM 

2 20 mA 

3 BUZ 

4 XTAL1 

5 XTAL2 

6 VDISP 

7 BP1 

8 BP2 

9 BP3 

10 Low fl/A 

11 fl/V 

12 K/m 

13 BCPO 
(Ones digit). 

14 AGDO 

15 FEO 

16 BCP1 

17 AGD1 

18 FE1 

19 BCP2 

20 AGD2 

21 F.E2 

22 BCP3 

23 AC/-/ AUTO 

24 -MEM/BATT 
mode. 

25 VSSD 

26 vcc 

27 COM 

28 RMREFH 

29 RMREFL 

30 CR EFL 

31 CREFH 

32 REFHI 

33 flR1 

34 flR2 

DESCRIPTION 

Logic Input. "O" (Digital Ground) for resistance measurement. 

Logic Input. "O"(Digital Ground) for 20 mA full-scale current measurement. 

Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A no.n
continuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

32.768 kHz Crystal Connection. 

32.768 kHz Crystal Connection. 

Sets peak LCD drive signal: VP= VCC-VDISP. VDISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

LCD Backplane #1. 

LCD Backplane #2·. 

LCD Backplane #3. 

LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 

LCD Annunciator segment drive for resistance measurement and voltage measurement. 

LCD Annunciator segment drive for k ("kilo-ohms") and m ("milli~amps" and "milli-volts"). 

LCD segment drive for "b," "c" segments and decimal point of least significant c!igit (LSD). 

LCD segment drive for "a," "g," "d" segments of LSD. 

LCD segment drive for "f" and "e" segments of LSD. 

LCD segment drive for "b," "c" segments and decimal point of 2nd LSD. 

LCD segment drive for "a," "g," "d" segments of 2nd LSD (Ten's digit). 

LCD segment drive for "f," and "e" segments of 2nd LSD. 

LCD segment drive for "b," "c," and decimal point of 3rd LSD. (Hundreds digit). 

LCD segment drive for "a," "g," "d" segments of 3rd LSD. 

LCD segment drive for "b" and "c" segments of 3rd LSD. 

LCD segment drive for "b," "c" segments and decimal pointof MSD (Thousand's digit). 

LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 

LCD annunciator drive signal for low battery indication and memory (relative measurement) 

Negative battery supply connection for internal digital Circuits. Connect to negative terminal 
of battery. 

Positive battery supply connection. 

Analog circuit ground reference point. Nominally 2.6 v·below VCC. 

Ratiometric (Resistance measurement) reference high voltage. 

Ratiometric (Resistance measurement) reference low voltage. 

Reference capacitor negative terminal CREF = 0.1 µf. 

Reference capacitor positive terminal CREF = 0.1 µf. 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

Standard resistor connection for 200 fl full-scale. 

Standard resistor connection for 2000 fl full-scale. 

7-6 



PRODUCT INFORMATION 

TSC805 
Pin Description and Function Cont. 

PIN NO. 
(Quad Flat 
Package) 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

SYMBOL DESCRIPTION 

!1R3 Standard resistor connection for 20 k!l full-scale range. 

!1R4 Standard resistor connection for 200 k!l full-scale range. 

DRS Standard resistor connection for 2000 k!l full-scale range. 

VR3 Voltage measurement+ 100 attenuator. 

VR2 Voltage measurement+ 10 attenuator. 

VRS Voltage measurement+ 10,000 attenuator. 

VR4 

ACVL 

COMP 

Cl 

CAZ 

Rx 
CFI 

ADI 

ADO 

RDBUF 

RVIBUF 

ACVH 

VSSA 

DIG GND 

RANGE 

MEM 

DC/AC, 
!1/LOW !1 

Voltage measurement + 1000 attenuator. 

Unknown voltage input+ 1 attenuator. 

Unknown current input. 

Low output of AC to DC converter. 

Comparator output. 

Integrator capacitor connection. Nominally 0.1 µf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

Auto-zero capacitor connection. Nominally 0.1 µf. 

Unknown resistance input. 

Input filter connection. 

Negative input of internal AC to DC operational amplifier. 

Output of internal AC to DC operational amplifier. 

Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 k!l. 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 k!l. 

Positive output of AC to DC converter. 

Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 

Internal logic digital ground. The logic "O" level. Nominally 4.7 V below VCC. 

Input to set manual operation and change ranges. 

Input to enter memory measurement mode for relative measurements. The two LSD's are stored 
and subtracted from future measurements. 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

Input to select current measurement. Set to logic "O" (Digital ground) for current measurement. 
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IF LCD BIAS CONNECTED TO DIG GND, 
PEAK DRIVE SIGNAL ,,,,5 V. 

0,1µf 

LCD BIAS 

R7/100k.11 ~ 
48 16 

-AC - l 
~ .... 
,-, ,-, ,-, kfl 

0. 0. 0 mVA 

10 111 112 123 124 122 121 120 119 118 117 116 115 114 113 
0.01 

Tµ1 
~ l Rx VDISPBP1 BP2 BP3 LOrl./A fl.N Kim' -MEM/BCP3FE2 AGD2BCP2'FEfAGD1'BCPTFEoAGooscPO 

R6/100k.11 .;g T BATT 

RMREFL LBACKPLANE _l_ DISPL"}._~-/AUTO L 100's_J____ lO's __l__ l's j 
.11R5 (7 10,000) DRIVERS ANNUNCIATORS 1000's 

C!R4 (7 1,000) l SEGMENT & DECIMAL POINT DRIVE 

OHMS RANGE 
HR3 (7 100} ATTENUATOR 

.11R2 (+ 10) J 
f2R1(+1) 

VOLTAGE "••>1,..mv1>< 42 V (.:.. 1) l 
INPUT I 

~--J\,'V'v--,3--19 VR2 (7 lO) VOLTAGE RANGE 

._--->.,"f'y--3--,8 VRJ (.;.. lOO) ATTENUATOR 

.._ _ __,,_M.----,4---ll vR4 (71,000) J 
VRS (7 10,000) ADO 

R9/1kil 

4~ TSC805 
,,~ 3 1/2 Digit Auto-Ranging DMM 

With LCD Drive 

ACVL R.11BUF RVIBUF CAZ INT COMP CIF CREFL 

44 lsz IS3 147 146 145 149 130 

COMMON ~ CAZ ICINT 

TRl-PLEX 
LCD DISPLAY 

AUDIO ENABLE c=-i o~ 
TRANSDUCER 

BUZXTAL1 

xTAL2t.!!.• __ r_._ __ ·"'•v" ___ I 
vcc_ 26 I 

OHMS~ 

SIA 

200mA 

--,--

39pf 

R20 
100 
kf! 

CR.EF 

-11--1 ~TOVCC 
R19/5kH R18/24kH 4.7µ1 

""NOT REQUIRED WHEN RESISTOR NETWORK IS USED. 
SEE PAGE-18 FOR DETA!LS. 

RilBUF RVIBUF 

C6 

~ 0.01"! 

0.1µf 

-I 
tn 
0 co 
~ 

~ 
)> 
r-
0 w 
C) ...a. 
.!.t ........ ON 
•C c-C> 
C>--t 
~)> 
r- c: 
oci 
O• z ::rJ 
<l> 
mZ 
~e 
mZ 
::rJ C) 



PRODUCT INFORMATION 

TSC805 
,-----------------------------------------------------, 
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*NOT REQUIRED WHEN RESISTOR NETWORK IS USED. 
SEE PAGE -18 FOR DETAILS. 

Figure 2: TSC805 Analog Section 
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Resistance, Voltage, Current 
Measurement Selection 
The TSC805 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol
tage measurements. The OHMS {Pin 1) and I {Pin 60) input 
controls are normally pulled internally to Vee. 

By tying these pins to Digital Ground {Pin 56), the TSC805 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 

Table 2: TSCSOS Measurement Selection Logic 
Function Select Pin 

OHM (Pin 1) I (Pin 60) 

0 0 

0 

0 

O = Digital Ground 

1 = Floating or Tied to Vee 

Notes: 

Selected Measurement 

Voltage 

Resistance 

Current 

Voltage 

1. OHM & Tare normally pulled internally high to VCC {Pin 
26). 
This is considered a logic "1." 

2. Logic "O" is the potential at digital ground {Pin 56). 

Resistance Measurements -
OHMS & Low Power OHMS 
The TSC805 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. The 
TSC805 low power ohms measurement mode limits the 
probe open circuit voltage. This prevents semiconductor 
junctions in the measured system from turning on. 

In the resistance measurement mode the O/LOWO {Pin 59) 
input selects the low power ohms measurement mode. For 
low power ohms measurements O/LOWO {Pin 59) is momen
tarily brought low to digital ground potential. The TSC805 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOW 0, will be activated. On power up the low power ohms 
mode is not active. 

If the manual operating mode has been selected, toggling 
O/LOWO will reset the TSC805 back to the auto-range mode. 
In manual mode, the decision to make a normal or low 
power ohms measurement should be made before selecting 
the desired range. 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

The low power ohms measurement is not available on the 
200 O full-scale range. Open circuit voltage on this range is 
below 2.8 V. 

The standard resistance values are listed in Table 3. 

Table 3: Ohms Range Ladder Network 
Full-Scale Standard Low Power 
Range Resistance Ohms Mode 

200 o 163.85 0 {R1) NO 
2000 o 1638.5 O{R2) YES 

20 kO 16,358 O{R3) YES 

200 kO 163850 O{R4) YES 

2,000 kO 1,638,500 O{R5) YES 

N/A =Not available. 

RS, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection during 
ohms measurements. 

Ratiometric Resistance Measurements 
The TSC805 measures resistance ratiometrically. Accuracy 
is set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 O full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This 
allows accurate "in-circuit" measurements when a resistor is 
shunted by semiconductor junctions. 

Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. 

Figure 3 shows a detailed block diagram of the TSC805 con
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 

Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. 

Table 4: Reference Resistors 
Full-Scale Reference O/COUNT Range Resistor 

200 163.85 0.1 

2k 1638.5 1 

20 k 16385 10 

200 k 163850 100 

2M 1638500 1000 
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R5/1638500 n 37 S29 
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Figure 3: Ratiometric Resistance Measurement Functional Diagram 

Voltage Measurement 
Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal at VI (Pin 42) for full-scale vol
tages from 200 mV to 2000 V. 

For applications which do not require a 10 M!1 input impe
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 

Current Measurement 
The TSC805 measures current only under manual range 
operation. The two user selectable full-scale ranges are: 
20 mA and 200 mA. Select the current measurement mode by 
holding the Tinput (Pin 60) low at digital ground potential. 

7-11 

The OHM input (Pin 1) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 20 mA full-scale range is 
selected by connecting the 20 mA input (Pin 2) to digital 
ground. If left floating the 200 mA full-scale range is selected. 

External current to voltage conversion resistors are used at 
the Ii input (Pin 43). For 20 mA measurements a 10 !1 resistor 
is used. the 200 mA range needs a 1 !1 resistor. Full-scale is 
200 mV. 

PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 !1 trace resistance will cause a 5% current to 
voltage conversion error at Ii (Pin 43). 

The extended resolution measurement option operates 
during current measurements. 

To minimize rollover error the potential difference between 
analog common (Pin 27) and system common must be 
minimized. 
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Example: 200 kO Full-Scale Measurement 

I VA"°'! 0.64 V For OHMS ) 
0.32 V For LO OHMS j 

RS 
163.85 kn 

+ l CREF 

100 kr! 'TvR VR 

220 n 

vx 

UNKNOWN RX 

TO ANALOG 
BUFFER 

(a) VR = __ 16_3_.8_5_k_n __ x 0.64 
163.85 + 220 +RX 

(b) vx = ___ R_X ___ x 0.64 
163.85 kO + 220 !1 

+RX 

(c) "Ramp Up Voltage" = "Ramp Down Voltage" 

.. VX X T1 = ~ ToE 
R1C1 R1C1 

Where: 
R1 = Integrating Resistor, T1 = Integrate Time 
C1 = Integrating Capacitor,ToE = Deintegrate Time 

(d) RX=163.85( T~~) 

Independent of R1. C1 or Internal Voltage Reference 

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor 

SIGNAL REFERENCE ~~TSC805 INTEGRATE DEINTEGRATE 
PHASE PHASE 

---AUTO-ZERO_..,. ~1~ ~NEXT CONVERSION 
PHASE AUTO-ZERO CYCLE 

EXTENDED 

MIN. AUTO-ZERO 
TIME 

FIXED *MAX. 
1638.STp 3000.0Tp 

RESOLUTION 

ZERO 
CROSSING 

/ 

~3361.5 T p --- ----- Ti--~ T DE~ *~A~~J~MR~N2~~oo~:~~~ON 
....:ro INPUT MINIMUM AUTO-ZERO TIME 

SIGNAL IS 4361.5 T p 

1-----TcoNV "'8000 Tp-----

Figure 5: Basic TSC805 Conversion Timing 

Measurement Options 
AC to DC Measurements 

In voltage and current measurements the TSC805 can be 
configured for AC measurements. An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 

When power is first applied the TSC805 enters the DC mea
surement mode. For AC measurements (current or voltage), 
AC/DC (Pin 59) is momentarily brought low to digital ground 
potential; the TSC805 sets-up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
AC/DC low again will return the TSC805 to DC operation. 

If the manual operating mode has been selected toggling 
AC/DC will resetthe TSC805 back to the auto-range mode. In 
manual mode operation AC or DC operation should be se
lected first and then the desired range selected. 

External Crystal = 32.768 kHz 
Internal Clock Period = Tp = 2/32.768 = 61.04 µs 

Total Conversion Time= TcoNv = 8000 (TP) 

= 488.3 ms~ 2 CONV/SEC 

Integration Time= T1 = 1638.5 (Tp) = 100.0 ms 

Maximum Reference Deintegrate Time 

= ToE = 3000 (TP) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (TP) = 122.1 ms (Auto-Range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) (TP) = 205.1 ms (Manual, Extended 
Resolution) 

= (8000-2000-1638.5) (Tp) = 266.2 ms (Auto-Range) 

The minimum AC voltage full-scale voltage range is 2 V. The 
DC full-scale minimum voltage is 200 mV. 

AC current measurements are available on the 20 mA and 
200 mA full-scale current range. 

Conversion Timing 
The TSC805 analog-to-digital converter uses the conven
tional dual slope integrating conversion technique with an 
added phase that automatically eliminates zero offset errors. 
The TSC805 gives a zero reading with a zero volt input 
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The TSC805 is designed to operate with a 32.768 kHz crystal. 
The 32 kHz crystal is low cost and readily available; it serves 
as a time base oscillator crystal in many digital clocks. (See 
External Crystal Sources.) 

The external clock is divided by two. The internal clock fre
quency is 16.348 kHz giving a clock period .of 61.04 µs. The 
total conversion - auto-zero phase, signal integrate and 
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reference deintegrate - requires 8000 clock periodsor488.3 
ms. There are approximately two complete conversions per 
second. 

The integration time is fixed at 1638.5 clock periods or 100 ms. 
This gives rejection of 50/60 Hz AC line noise. 

The maximum reference deintegrate time, representing a full
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto
zero phase. An auto-ranging or manual conversion takes 8000 
clock periods. After a zero crossing is detected in the reference 
deintegrate mode, the auto-zero phase is entered. 

Figure 5 shows the basic TSC805 timing relationships. 

Manual Range Selection 
The TSC805 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 57) to 
digital ground potential (Pin 56). When the change from 
auto-to-manual ranging occurs the first manual range se
lected is the last range in the auto-ranging mode. 

The TSC805 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC805 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, f1/LO fl) changes. This 

Table 5: Manual Range Operation 

TSC805 
causes the TSC805 to return to auto-ranging operation. 

The "Auto" LCD annunciator driver is active only in theauto
range mode. 

Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu
tion display format. 

Extended Resolution Manual Operation 
The TSC805 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kfl and 2000 V ranges during auto-range 
operation. 

In the extended resolution operating mode readings above 
1999 are displayed with a blinking "1" most significant digit. 
The blinking "1" should be interpreted as the digit 2. The 
three least significant digits display data normally. 

An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display "000". The buzzer output is enabled for input voltage 
and current signals with readings greater than 2000counts in 
both manual and auto-range operation. 

For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 

INPUT DC VOLTS AC VOLTS OHM LO OHM 

23.5 v 18.2 v 18.2 kf1 2.35 Mf1 

RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

POWER-ON 200 mV "1"00.0 mV 2V "1".000 v 200 fl "1"00.0 fl 2 kf1 "1 ".000 kf1 

AUTO-RANGE 2V "1".000 v 20 v 18.20 v 2 kf1 "1 ".000 kf1 10 kf1 "1 "0.00 kf1 

OPERATION 20 v ''1"0.00 v 20 kfl 18.20 kll 200 kf1 "1"00.0 kll 

200 v 23.5 v 2000 kf1 "1"350 kll 

# of RANGE CHANGES l......J 
L......J RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

1 200 v 23.5 v 20 v 18.20 v 20 kf1 18.20 kf1 2000 kll "1"350 kf1 
0 2 200 mV "1"00.0 mV 2V "1".000 v 200 fl ''1"00.0 f1 2 kfl "1".000 kf1 

M p 
A E 3 2V 1.000 v 20 v 18.20 v 2 kf1 "1".000 kf1 20 kf1 "1"0.00 kf1 
N R 
u A 4 20 v "1"3.50 v 200 v 18.2 v 20 kfl 18.20 kfl 200 kf1 "1"00.0 kfl 

A T 
5 200 v 23.5 v 600 v 19 v 200 kfl 18.2 kf1 2000 kfl "1 "350 kf1 

L I 
0 6 
N 

1000 v 24 v 2V "1".000 v 2000 kfl 19 kll 2 kf1 "1".000 kll 

7 200 mV "1"00.0 mV 20 v 18.20 v 200 f1 "1 "'00.0 f1 20 kf1 "1"0.00 kf1 

8 2V "1".000 v 200 v 18.2 v 2 kf1 "1".000 kf1 200 kf1 "1"00.0 kf1 

Notes: 
1. A flashing MSD is shown as a "1" A flashing MSD indicates the TSC805 is 

over-ranged if all other digits are zero. 

3. A flashing MSD with a non-zero display indicates the TSC805 has entered 
the extended resolution operating mode. An additional 1000countsof reso
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 2. The first manual range selected is the last range in the auto-ranging mode. 

4. ~ = momentary ground connection. 
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TSC805 

CONTINUITY 
INDICATOR 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

CONTINUOUS 4 kHz 
BUZZER 

MANUAL 
RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

OVER-RANGE 
INDICATOR 

DISPLAY 
"1" 000 

DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 

EXTENDED 
RESOLUTION 
FEATURE 

*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2 Mn <RX <2.999 Mn 

Figure 6: Manual Range Selection; 
Resistance Measurement 

RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

YES 

NON-CONTINUOUS 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

OVER-RANGE INDICATOR 

DISPLAY 
"1" 000 

"1" = >FLASHING MSD 

YES DISPLAY LAST 
~----+--..-! 3 DIGITS 

AND FLASH MSD 

Figure 7: Manual Range Selection; 
Current Measurement 

-MEM Operating Mode 
Bringing MEM (Pin 58) momentarily low configures the 
TSC805 "-MEM" operating mode. The -MEM LCD Annun
ciator becomes active. Jn this operating mode subsequent 
measurements are made relative to the last two digits (S99) 
displayed atthe time MEM is low. This represents 5% of full
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 

3 1/2 DIGIT AUTO-RANGING 
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RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

YES 

OUTPUT NON
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 

• OVER-RANGE INDICATOR 

t 
DISPLAY 
"1" 000 

"1" ~>FLASHING MSD 

YES DISPLAY LAST 
>------.-I 3 DIGITS AND 

FLASH MSD 

EXTENDED RESOLUTION 
FEATURE 

Figure 8: Manual Range Selection; 
Voltage Measurement 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri {N) = 18.21 kO (20 kO Range) = > Display 18.21 kO 
MEM l_J = > Store 0.21 kO 

Ri (N+1) = 19.87 kO (20 kO Range) 
= > Display 19.87 - 0.21 = 19.66 kO 

Ri (N+2) = 22.65 kO (200 kO Range) 
= > Display 22.7 kn & MEM Disappears 

Example 2: In Fixed Range 200.0 0 Full-Scale 

Ri (N) = 18.2 n =>Display 18.2 n 

7-14 

MEM ~=>Store 8.2 0 

Ri (N+1) = 36.7 n 
= > Display 36.7 - 8.2 = 28.5 0 

Ri (N+2) = 5.8 0 
= > Display 5.8 - 8.2 = -2.4 !Y 

' Will display minus resistance if following input is less than 
offset stored at fixed rang.e 

Example 3: In Fixed Range 20.00 V Full-Scale 

Vi (N) = 0.51 V = > Display 0.51 V 
MEM L.J = > Store 0.51 V 

.Vi (N+1) = 3.68 V 
= > Display 3.68 - 0.51 = 3.17 V 

Vi (N+2) = 0.23 V 
=>Display 0.23 - 0.51 =.-0.28 V 

Vi (N+3) = -5.21 V 
= > Display -5.21 .:. 0.51 = -5.72 V 
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On Power up the TSC805 "-MEM" mode is not active. Once 
the "-MEM" is entered bringing MEM low again it returns the 
TSC805 to normal operation. 

The "-MEM" mode is also cancelled whenever the measure
ment type (resistance, voltage, current, AC/DC,n!Low !1) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 

In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
"-MEM" mode is cancelled. The LCD annunciator is turned 
off. 

The "-MEM" operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 

Automatic Range Selection Operation 
When power is first applied the TSC805 enters the auto
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance or voltage) or by changing the measurement 
option (AC/DC, n/L0!1). 

The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC measure
ments. The voltage range selection flowchart is given in Figure 
9. 

Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 55) clamp the input voltage. The external 10 MO input 
resistance (See Figure 1, R14 and R13) limits current safely in 
an overrange condition. 

The voltage range selection is designed to maximize resolu
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 

An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 

Du ring voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso
lution operating mode discussion). 

The resistance automatic range selection procedure is shown 
in Figure 10. The 200 n range is the first range selected unless 
the TSC805 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kn. 

The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation a 
continuous 4 kHz signal is output at BUZ {Pin 3). An overrange 
input does not activate the buzzer. 

TSC805 

Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
"000." 

The extended resolution feature operates only on the 2000 k!l 
and 2000 V full-scale range during auto-range operation. A 
blinking "1" most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 

7-15 

N = O; 200.0 mV FULL-SCALE RANGE 
N"' 1; 2.000 V FULL-SCALE RANGE 

YES 

DISPLAY "1" 000 
FLASH MSD 

N = NK 

(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

EXTENDED 
RESOLUTION 

OVER-RANGE 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 9: Auto-Range Operation; 
Voltage Measurement 

K = K + 1 
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N,. O; 200.0 U FULL-SCALE RANGE 
N = 1; 2.000 kn FULL-SCALE RANGE 

( REMAIN 1N RANGE SELECTED 
DURING THE K th CONVERSION) 

OVER 
RANGE 

DISPLAY 
"1"000 

FLASH MSD 

START; POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE , 

Figure 10: Auto-Range Operation; 
Resistance Measurement 

--~-----------,> r------

vcc u-;-.---~ 
LOW BATTERY DETECTOR 

TO LCD 

>----;- ;~~E~~~6~TOR 
LOGIC 

~~TSC805 

LOW BATTERY ANNUNCl.ATQR,.DISPLAYED FOR VsuPPLY <1 v 

Figure 11: Low Battery Detector 
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Low Battery Detection Circuit 
The TSC805 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 
The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. 

Triplex Liquid Crystal Drive 
The TSC805 directly drives a triplexed liquid crystal displ11y 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC805. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu
facturers. 

The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. 

If VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 

Vp = VCC-VDISP = 3 V . 
An "OFF" LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An ''ON" segment has a 0,63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 

Since the VD ISP pin is available the user may adjust the "ON" 
and "OFF" LCD levels for various manufacturer's displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. · 

i~IPLEX f VH 
SEGMENT 
DRIVE 
LOGIC 

VL 

~~TSC805 

vcc 

26 

50 k 

50 k 

50 k 

L-------1-"----<l VDISP 

---------<.._------~ 

Vp = VCC - VDISP 
"OFF" = Vp/3 RMS 

"ON",,. V"11 Vp RMS 
3Va 

Figure 12: 1/3 Bias LCD Drive 
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"OFF" segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to -20 mVI° C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 
The TSC805 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe
dance is approximately 150 kn. This drive method is com
monly known as 1/3 bias. With VotSP connected to digital 
ground Vp = 5.0 V. 

The intermediate levels are needed so that drive signals giving 
RMS "ON" and "OFF" levels can be generated. Figure 13 
shows a typical drive signal and the resulting wave forms for 
"ON" and "OFF" RMS voltage levels across a selected LCD 
element. 

LCD Displays 
Although most users will design their own custom LCD dis
play, several manufacturers offer standard displays for the 
TSC805. Figure 14 shows a typical display available from 
Varitronix. 

1. Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 

Part No.: VIM 309-1 Pin Connector 
VIM 309-2 Elastomer Connector 

USA Office: 
VL Electronics Inc. 
3161 Los Feliz Blvd. Suite 303 
Los Angeles, CA 90039 
Tel: (213) 661-8883 
TELEX: 821554 

2. Adamant Kogyo Co., LTD. 
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 

TSC805 
External Crystal 
The TSC805 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 µs 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (= 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 

The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 

Several crystal sources exists. A partial listing is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

• International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 

Contact manufacturer for full specifications. 

SEGMENTS 

a (FE-BP1) 
"ON" 

b (BCP-BPl) 
"ON" 

SEGMENTS 

BACKPLANES c (BCP-BP2) 
"ON" 

FE AGO BCP 

Waveforms to Generate 

Figure 13: Triplex LCD Drive Waveforms 
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d (AGD-BP3) 
"ON" 

e(FE-BP2) 
"OFF" 

f {FE-BPl) 
"OFF" 

g (AGD-BP2) 
"ON" 
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Figure 14: Typical LCD Display Configuration 
TSC805 Triplex 

"Buzzer" Drive Signal 
The TSC805 BUZ output (Pin 3) will drive a piezo electric 
audio transducer. The signal is aptivated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement a reading less than 19 on 
any full-scale range causes a.continuous 4 kHz signal to be 
output. This is used as a continuity indication. 

A voltage or current input ·measurement overrange is indi
cated by a non-continuous 4 kHz signal at the BUZ output. 
The LCD display MSD also flashes and thethree least signifi
cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto
range operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 56). The signal is at VCC when not active. 

The buz output is also activated tor 15 ms whenever a range 
change is made in auto-range or manual operation. Chang
. ing the type of measurement (voltage, current, or resistance) 
or measurement option (AC/DC, O/LOO) will also activate 
the buzzer output for 15 ms. A range change during a current 
measurement will not activate the buzzer output. 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

PAD BP1 BP2 BP3 

1 BP1 / / 

2 / BP2 / 

3 / / BP3 

• / LOO A 

5 / " v 

• I k m 

7 b1 o1 / 

8 o1 g1 d1 

9 11 o1 / 

10 b2 o2 P2 

11 •2 g2 d2 

12 12 o2 / 

13 b3 o3 P3 

14 o3 g3 d3 

15 13 o3 / 

16 b4 o4 P4 

17 AC = AUTO 

18 ~ -MEM / 
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TSC805 

vcc 

DIGITAL 
GROUND 

Non-Continuous Buzzer Signal Indicates Input Overrange 

POWER UP i V1N=250mV 

T 1--T 'T : 1--I I 
I I 1000 CLOCK PULSES I 
I I I 

CHANGE 
RANGE 

t' I 
CHANGE 

RA~~E 
I 

CHANGE 
RANGE 

t I 
I 

CHANGE INPUT 
V1N=3.2V 

' 
I I I 

i~l~~:L [DEii~:::~~:: ::: ; ~g.~~'--;-I ---''----'----''----i----'n'--'----"---i----'11_! 
I -----J f--J 250 CP 250 CP 2500 CP 250 CP 3000 CP : 

I m- I I 

AUTO-ZERO I I 2000 CP I I I : 

: I : 
I I 

1 I I 
---~~--AUTO-RANGING ~------~---MANUAL RANGE ___ .,.... ____ _ 

2.000 V RANGE 
OUT-OF-RANGE 2~~~~::."G~' I 2.~~~A~~N,"' ! 2.?~RvA~~~GE l Ex>.:'~N";,~~';.';.%~, ! 2.~RvA~~~GE 

~~~ 31 11.----,--,,,111111111r-11111111H1r-----11~:-----11C-1 -----,~1-.,111111111r-111111111111r------:---,11111111111 
: I I : I 

I I 4 kHz 4 kHz --t H-- 15 ms 15 ms: 15 ms1 4 kHz 4 kHzl I I 
: ~ ONE C~CLE 6F ---------1 ~~~J~ ~H~N~~L l~X~J~ ~X~J~ : l122msh22m1h22m1:------ 610 ms+-----
! I OVERRANGE BUZZER I :CHANGE CHANGE1 ! I I BUZZER 

I BUZZER ACT
1
1VATED DUE I I BUZZER ACTltATED DUE fo I DUE TO 

TO POWER UP PREVIOUS CONVERSION OVERRANGE PREVIOUS 

Figure 15: TSC805 Timing Waveform for Buzzer Output 

Display Decimal Point Selection 

CONVERSION 
OVER RANGE 

Vendors for piezo electric audio transducers are: 

The TSC805 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 

1. Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical P/N's: 102-95NS, 101-FB-OO 

2. Taiyo Yuden (USA) Inc. 
Arlington Center 
714 West Algonquin Road 
Arlington Hts., Ill. 60005 
Typical P/N's: CB27BB, CB20BB, CB355BB 
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Table 6: Decimal Point Selection 

• 9 
Full-Scale Range DP3 

2000 V, 2000 kO OFF 

200.0 V, 200.0 kO OFF 

20.00 V, 20.00 kO OFF 

2.000 V, 2.000 kO ON 

200.0 mV, 200.0 0 OFF 

20.00 mA OFF 

200.0 mA OFF 

• 9 • 9 
DP2 DP1 

OFF OFF 

OFF ON 

ON OFF 

OFF OFF 

OFF ON 

ON OFF 

OFF ON 

• 



AC to DC Converter Operational Amplifier 
The TSC805 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac
teristics are: 

• Slew Rate: 1 V/µs 
• Unity Gain Bandwidth: 0.4 MHz 
• Open Loop Gain: 44 dB 
• Output Voltage Swing (Load= 10 kO) ±1.5 V 

(Reference to Analog Common) 

When the AC measurement option is selected the input 
buffer receives an input signal through switch S14 rather 
than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func
tions within the constraints of the internal operational ampli
fier. External circuits that perform true RMS conversion or 
a·peak hold function are typical examples. 

Component Selection 

Integration Resistor Selection 
The TSC805 automatically selects one of two external inte
gration resistors. RVIBUF (Pin 53) is selected for voltage and 
current measurement. ROBUF (Pin 52) is selected for resis
tance measurements. 

RVIBUF Selection (PIN 53) 

In auto-range operation the TSC805 .operates with a 200 mV 
maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. 

In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 

The integrator output swing should be maximized but satu
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 55) without 
saturating.A±2Vswing is suggested. The value of RVIBUF is 
easily calcul.ated assuming .a worst case extended resolution 
input signal: 

Integrator Swing = ±2 V 

Integration Time = 100 ms 

Integration Capacitor = 0.1 µf 

Maximum Input at V1 = 300 mV 

RVIBUF VMAX(Ti) ., 150 kO 
VINT (Ci) 

3 1/2 DIGIT AUTO~RANGING 
ANALOG-TO-DIGITAL CONVERTER 

ROBUF Selection (Pin 52) 

In ratiometric resistance measurements the signal at Rx (Pin 
48) is always positive with respect to analog common. The 
integrator swings negative. 
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The worst case integrator swing is for the 200 o range with 
the manual, extended resolution option. 

The input voltage VX (Pin 48) is easily calculated (Figure 16). 

VANCOM 

Ra 

R1 

Rx 

Rs 

R OBUF 

Potential at Analog Common .. 2.7 V 

220 0 

163.85 0 

300 0 

Internal Switch 33 Resistance .. 600 O 

(VCC - VANCOM) Rx 

(Rx + Rs + R1 + Ra) 
= 0.63 v 

For a 3.1 V integrator swing the value of Ro BUF is easily cal
culated: 

VJNT 

T1 

C1 

Rx Max 

Vx Max 

RO BUF 

Integrator Swing= 3.1 V 

Integration Time= 100 ms 

Integration Cap.= 0.1 µf 

300 0 

700mV 

--'-(V_x_M_AX~)_(T_1) ___ ., 220 kO 

C1 (VINT) 

Vee= 9V 

"• 

"• 

"x 

ANALOG COMMON ,., Vee - 3 v 

Figure 16: R!lBUF Calculation (200 !l Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward the 
negative supply a 3.1 V swing will set the integrator output to 
0.5 V above the negative supply. 

CINT, CAZ and CREF Capacitors 
The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

Reference Voltage Adjustment 
The TSC805 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab
lished by this reference. Maximum drift is a low 75 ppm/° C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 26). A resistive divider {R18/R19, Figure 1) sets the 
TSC805 reference input voltage (REFHI, Pin 32) to approxi
mately 163.85 mV. 

With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 

Package Outline 

TSC805 
Flat Package Socket 
Sockets suitable for prototype work are available. 
A USA source is: 
Nepenthe Distribution 
2471 East Bayshore 
Suite 520 
Palo Alto, CA 94303 
( 415) 856-9332 
TWX: 910-373-2060 
(a) "BQ" Socket Part No.: IC51-064-042 SQ 
{b) "SQ" Socket Part No.: IC51-064-042 SQ 

Resistive Ladder Networks 
Resistor attenuator networks for voltage and resistance 
measurement are available from: 

Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 

Attenuator Attenuator 
Accuracy Type 

0.1% Voltage 

0.25% Voltage 

0.25% Resistance 

Caddock 
Part Number 

1776-C441 

1776-C44 

T 1794-204-1 

60-Pin Plastic Flat Package 

"BQ" Package - Formed Leads 

(Package #21) 
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PIN 1 INDICATION 
DIMPLE OR BUTION 

"SQ" Package - Unformed Leads 

(Package #22) 

l 
~~ ±005 

II 



Notes 

ENGINEER:-------------------------- DEPT:----

PROJECT: DATE: -----

DESCRIPTION ________________________________ _ 

7-22 



~'°"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC810 
LOW POWER 31h DIGIT AID CONVERTER 
WITH DISPLAY HOLD 

FUNCTIONAL DIAGRAM 

FEATURES 
• Convenient 9V Battery Operation with Low Power 

Dissipation (SOOµW Typical, 900µW Maximum) 
• Display Hold Function 
• Fast Over-Range Recovery, Guaranteed Next 

Reading Accuracy 
• Low Temperature Drift Internal Reference 

35ppm/°C (Typical) 
• Guaranteed Zero Reading with Zero Input 
• Low Noise ....................... 15µVp-p 
• High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 
• Low Input Leakage Current 

.. 1pA Typical, 10pA Maximum 
• Direct LCD Drive - No External Components 
• Precision Null Detection with True Polarity at Zero 
• High Impedance Differential Input 
• Internal Clock Circuit 
• Available in Compact Flat Package or PLCC 
• Industrial Temperature Range Device Available 

INTERNAL DIGITAL GOUNO 
39 38 

DISPLAY 
HOLD 

OSC3 t 
Ro<e 

'------- I----' 
'o"' 
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GENERAL DESCRIPTION 
The TSC810 is a low power, 3% digit, LCD 

display analog-to-digital converter. This device incor
porates an "Integrator Output Zero" phase which 
guarantees overrange recovery. The performance of 
existing TSC7116 and ICL7116based systems may be 
upgraded with minor changes to external, passive 
components (see "Component Selection"). 

The TSC810 incorporates a display hold 
(HLDR) function. The displayed reading will remain 
indefinitely as long as HLDR is held high. Conversions 
continue but the output data display latches are not 
updated. The VREF- or reference low input is not 
available as it is with the TSC7136. VREF- is tied 
internally to Analog Common in the TSC810 device. 

The TSC810 has an improved internal zener 
reference voltage circuit which maintains the Analog 
Common temperature drift to 35ppm/°C (typical) and 
75ppm/°C (maximum). This represents an improve
ment of two to four times over similar 3V2 digit 
converters, eliminating the need for a costly, space 
consuming external reference source. 

The TSC810 limits linearity error to less than 1 
count on both the 200mV and the 2.00V full-scale 
ranges. Rollover error-the difference in readings for 
equal magnitude but opposite polarity input signals
is below±1 count. High impedance differential inputs 
offer 1 pA leakage currents and a 10120 input impe
dance. The 15µV p-p noise performance guarantees a 
"rock solid" reading. The Auto Zero cycle guarantees 
a zero display readout for a zero volt input. 

The single chip low power CMOS TSC810 
incorporates all the active devices for a 3% digit 
analog to digital converter to directly drive an LCD 
display. On board oscillator, precision voltage reference 
and display segment and backplane drivers simplify 
system integration, reduce board space requirements 
and lower total cost. A low cost, high resolution 
(0.05%) indicating meter requires only a TSC810, an 
LCD display, four resistors, four capacitors and a 9V 
battery. Compact, hand held multimeter designs 
benefit from the Teledyne Semiconductor small foot
print package option. 

The TSC810 uses a dual slope conversion 
technique which will reject interference signals if the 
converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 
and 400Hz line frequency signals are present. See the 
TSC811 for differential reference voltage capability. 

NEW PRODUCT INFORMATION 

TYPICAL APPLICATIONS 
• Thermometry 
• Digital Meters 

- Voltage/CurrenVPower 
- pH Measurement 
- Capacitance/Inductance 
- Fluid Flow Rate/Viscosity 
- Humidity 
- Position 

• Panel Meters 
• LVDT Indicators 
• Portable Instrumentation 
• Power Supply Readouts 
• Process Monitors 
• Gaussmeters 
• Photometers 

Ordering Information 

Temperature 
Part No. Package Range VReF TempCo 

TSC810CPL 
40-Pin 

0° to 70°C 75ppm/°C Max 
Plastic 

TSC810RCPL' 
40-Pin 

0° to 70°C 75ppm/°C Max 
Plastic 

TSC810IJL 
40-Pin 

-25° to 85°C 100ppm/°C Max 
CerDIP 

TSC810CLW 
44-Pin 

0° to 70°C 75ppm/°C Max 
PLCC 

TSC810CKW 
44-Pin 

0° to 70°C 75ppm/°C Max 
Flat 

TSC810CPL/Bl2 
40-Pin 

0° to 70°C 75ppm/°C Max 
Plastic 

TSC810IJUBI' 
40-Pin 

-25' to 85°C 100ppm/'C Max 
CerDIP 

Notes: 
1. Reversed pin-out 
2. 160 Hour, 125°C Burn-in 
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Pin Configuration 

HLOR 

I 
o, 
c, 

,., 

~ c, 

10'1 

~ " 
100'i 

L " 
1000'1-AB4 

POL 

3 2 1 44 43 42 41 40 

0 

~ .... 
TSCB10CLW 

(PLCC) 

0. M 

" 0 

NOTES 
1 NC• NO INTERNAL CONNECTION 

" 2 
TEST 3 

0SC3 4 

" 5 
OSC2 6 

OSC1 7 

HLOR B 

01 • 

c110 

81 11 

2 PINS I. 23, 38 AND 53 ARE CONNECTED TO THE DtE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROKlMATELY y+ NO EXTERNAL CONNECTIONS 
SHOULD BE MADE 
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NEW PRODUCT INFORMATION 

Absolute Maximum Ratings 
Operating Temperature Supply Voltage (V+ to v-) • . . . . • . . • . . . . • . . . 15V 

Analog Input Voltage (either input)1 . . . . v+ to v
Reference Input Voltage . . . . ... . . . . . . . . . v+ to v
Clock Input ..•.....••............. TEST to v+ 
Power Dissipation2 

Commercial Package (C) .......... 0° to +70°C 
Industrial Package (I) ..........• -25° to +85°C 

Storage Temperature . . . . . . . . . . . . -65° to +160°C 
Lead Temperature (soldering, 60 sec) . • • +300°C 

CerDIP Package (J) ..•........... , . . 1000mW 
Plastic Package (P) • . . . . . . . . • . . . . . . . . . BOOmW 
Plastic Leaded Chip Carrier (L) . . . . . . . . 800mW 
Plastic Flat Package (K) . . . . . . . . . • . . . . • 800mW 

Static sensitive device. Unused devices should be stored in con
ductive material to protect against static discharge and static 
fields. 

Electrical Characteristics: VsuPPLY = 9V, fcLOCK = 16kHz and TA= 25°C unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Input Section 

- Zero Input Reading V1N = 0.0V, -000.0 ±000.0 +000.0 
Digital 

VFS = 200.0mV Reading 

- Zero Reading Drift V1N = 0.0V, - 0.2 1 µV!oc 
0°c:::; TA:::; 70°C 

Ratiometric Reading V1N = VREF· 999 
999 

1000 
Digital -

VREF = 100mV 
-- Reading 1000 

NL Linearity Error VFS = 200mV or 2.000V -1 ±0.2 +1 Counts 

ER Rollover Error 
v,N- = V1N+ 

-1 ±0.2 +1 Counts = 200.0mV 

EN Noise V1N = O.OV, - 15 - µVp-p VFS = 200.0mV 

IL Input Leakage Current V1N = 0.0V - 1 10 pA 

CMRR 
Common Mode VcM = ±1V, V1N = OV, 

50 µVIV 
Rejection VFS = 200.0mV 

- -

Scale Factor V1N = 199.0mV, 
TCsF Temperature 0°c:::; TA:::; 70°C, - 1 5 ppm/°C 

Coefficient (ext. VREF tc = Oppm) 

Analog Common Section 

250KO from v+ to 

Analog Common 
Analog Common, 
0°c:::; TA:::; 70°C 

VcTC Temperature 
"C" Commercial 35 75 ppm/°C 

Coefficient 
-25°C STA '.585°C 
"I" Industrial 35 100 ppm/°C 

Ve 
Analog Common 250KO from v+ to 

2.7 3.05 3.35 Volts 
Voltage Analog Common 
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TSC810 
Electrical Characteristics: VsuPPLY = 9V, fcLOCK = 16kHz and TA = 25° C unless otherwise noted. 

SYMBOL PARAMETER 

LCD Drive Section3 

VsD 
LCD Segment 
Drive Voltage 

VsD 
LCD Backplane 
Drive Voltage 

Power Supply Section 

lsuP Power Supply Current 

Notes: 

TEST CONDITIONS 

v+ to v- = 9V 

v+ to v- = 9V 

V1N = O.OV, 
v+ to v- = 9V 
lose = 16kHz 
lose= 48 kHz 

MIN 

4 

4 

1) Input voltage may exceed the supply voltages when the input current is limited to 100µA. 

TYP 

5 

5 

70 
90 

2) Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 

MAX 

6 

6 

100 
125 

UNIT 

Vp-p 

Vp-p 

µA 
µA 

3) Backplane drive is in phase with the segment drive for"segment off" 180° out of phase for "segment on". Frequency is 20 times the 
conversion rate. Average DC component is less than 50mV. 

Pin Descriptions 

40-pin 44-pin 
DIP PLCC Name Function 

2 HLDR Hold pin, logic 1 holds present display reading 

2 3 D1 Activates the D section of the units display 

3 4 C1 Activates the C section of the units display 

4 5 B1 Activates the B section of the units display 

5 6 A1 Activates the A section of the units display 

6 7 F1 Activates the F section of the units display 

7 8 G1 Activates the G section of the units display 

8 9 E1 Activates the E section of the units display 

9 10 D2 Activates the D section of the tens display 

10 11 C2 Activates the C section of the tens display 

11 13 B2 Activates the B section of the tens display 

12 14 A2 Activates the A section of the tens display 

13 15 F2 Activates the F section of the tens display 

14 16 E2 Activates the E section of the tens display 

15 17 D3 Activates the D section of the hundreds display 
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TSC810 
Pin Descriptions (continued) 

40-pin 44-pin 
DIP PLCC Name Function 

16 18 B3 Activates the B section of the hundreds display 

17 19 F3 Activates the F section of the hundreds display 

18 20 E3 Activates the E section of the hundreds display 

19 21 AB4 Activates both halves of the 1 in the thousands display 

20 22 POL Activates the negative polarity display 

21 24 BP Backplane drive output 

22 25 G3 Activates the G section of the hundreds display 

23 26 A3 Activates the A section of the hundreds display 

24 27 C3 Activates the C section of the hundreds display 

25 28 G2 Activates the G section of the tens display 

26 29 v- Negative power supply voltage 

27 30 V1NT Integrator output, connection for CiNT 

28 31 VsuFF Buffer output, connection for R1NT 

29 32 CAZ Integrator input, connection for CAz 

30 33 V1N- Analog input low 

31 35 V1N + Analog input high 

32 36 COM Analog Common: Internal zero reference 

33 37 CREF~ Connection for one side of CREF 

34 38 CREF+ Connection for the other side of CREF 

35 39 V+ Positive power supply voltage 

36 40 VREF + Reference input high 

37 41 TEST All LCD segment test when pulled high (V+) 

38 42 OSC3 Oscillator control (see "Oscillator Section") 

39 43 OSC2 Oscillator control (see "Oscillator Section") 

40 44 OSC1 Oscillator control (see "Oscillator Section") 
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~~~~OG O 01 µF 

0.15µF 

O l 1•F DISPLAY HOLD 

34 JJ 

560 k!! 

vREF 36 

Jp,-r -

v- 26 
osc, 

Figure 1: Typical Operating Circuit 

LCD DISPLAY 

-1999 

1 CONVERSION/SEC 

TO ANALOG COMMON 
IP321 

GENERAL THEORY OF OPERATION 
Dual Slope Conversion Principles 

The TSC810 is a dual slope, integrating 
analog-to-digital converter. An understanding of the 
dual slope conversion technique will aid the user in 
following the detailed TSC810 theory of operation 
following this section. A conventional dual slope 
converter measurement cycle has two distinct phases: 

1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 

Referring to Fig 1, the unknown input signal 
to be converted is integrated from zero for a fixed time 
period (T1NT). measured by counting clock pulses. A 
constant reference voltage of the opposite polarity is 
then integrated until the integrator output voltage re
turns to zero. The reference integration (deintegration) 
time (T DEINT) is then directly proportional to the un
known input voltage (ViNl-

ln a simple dual slope converter, a complete 
conversion requires the integrator output to "ramp
up" from zero and "ramp-down" back to zero. A 
simple mathematical equation relates the input signal, 
reference voltage and integration time: 

(t) dt = VREF T DEINT 

R1NT C1NT 

TSC810 

~t--r----1 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TJME 

Figure 2: Basic Dual Slope Converter 

~ 
z 
0 20 >:= 

~ 
a: 
w 
0 
0 
~ 
~ 10 

" ~ a: 
0 z 

O 1/T 1/T 

INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 

where: VREF = Reference Voltage 
T1NT = Integration Time 
T DEINT = Deintegration Time 

For a constant T1NT: 

V1N = VREF T DEINT 
TINT 
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TSC810 
Accuracy in a dual slope converter is unrelated 

to the integrating resistor and capacitor values as long 
as they are stable during a measurement cycle. An 
inherent benefit of the dual slope technique is noise 
immunity. Noise spikes are integrated or averaged to 
zero during the integration periods, making integrating 
ADCs immune to the large conversion errors that 
plague successive approximation converters in high 
noise environments. Interfering signals, with. fre
quency components at multiples of the averaging 
(integrating) period, will be attenuated. (see Fig 3). 
Integrating ADCs commonly operate with the signal 
integration period set to a multiple of the 50/60Hz 
power line period. 

THEORY OF OPERATION 
Analog Section 

In addition to the basic integrate and deinte
grate dual slope cycles discussed above, the TSC810 
design incorporates an "Integrator Output Zero" cycle 
and an ·~uto Zero" cycle. These additional cycles 
ensure that the integrator starts at zero volts (even 
after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true 
digital zero reading is assured without any external 
adjustments. 

A complete conversion consists of four dis
tinct cycles: 

1) Integrator Output Zero Cycle 
2) Auto Zero Cycle 
3) Signal Integrate Cycle 
4) Reference Deintegrate Cycle 

INT _F·ooo==i.._ ___ __.l 
- _I __ __.F. 1-2000_____.L _____ --'I_ 

DE·INT • • 

I --n-·1-140 I 
.~11 

... _________ I L1 
_.,.__910-2900-----+ 

1------4000 ------· 
Figure 4a: Conversion Timing During 

Normal Operation 
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_F" .. -1 I 
0 ,.::: I F= 2001 ·W00-I I 

,,_I ___ 3, ... ,--=JCL 
I I •z1._ __________ J_oo_.,_10-=Il:-

l1------4000------_., 

Figure 4b: Conversion Timing During Over-Range 
Operation 

Integrator Output Zero Cycle 
This phase guarantees that the integrator 

output is at zero volts before the system zero phase is 
entered, ensuring that the true system offset voltages 
will be compensated for even .after an over-range 
conversion. The duration of this phase is variable, 
being a function of the number of counts (clock 
cycles) required for deintegration. 

The Integrator Output Zero cycle will last 
from 11 to 140 counts for non-over-range conversions 
and from 31 to 640 counts for over-range conversions. 

Auto Zero Cycle 
During the Auto Zero cycle, the differential 

input signal is disconnected from the measurement 
circuit by opening internal analog switches and the 
internal nodes are shorted to Analog Common (0 volt 
ref.) to establish a zero input condition. Additional 
analog switches close a feedback loop around the 
integrator and comparator to permit comparator 
offset voltage error compensation. A voltage estab
lished on CAz then compensates for internal device 
offset voltages during the measurement cycle. The 
Auto Zero cycle residual is typically 10 to 15µV. 

The Auto Zero duration is from 910 to 2,900 
counts for non-over-range conversions and from 300 
to 910 counts for over-range conversions. 

Signal Integration Cycle 
Upon completion of the Auto Zero cycle, the 

Auto Zero loop is opened and the internal differential 
inputs connect to V1N +and V1N-· The differential input 
signal is then integrated for a fixed time period which, 
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in the TSC810 is 1000 counts (4000 clock periods). 
The externally set clock frequency is divided by four 
before clocking the internal counters. The integration 
time period is: 

4000 
TINT=-

fosc 

The differential input voltage must be within 
the device common-mode range when the converter 
and measured system share the same power supply 
common (ground). If the converter and measured 
system do not share the same power supply common, 
as in battery powered applications, V1N- should be 
tied to Analog Common. 

Polarity is determined at the end of signal 
integration phase. The sign bit is a "true polarity" 
indication in that signals less than 1 LSB are correctly 
determined. This allows precision null detection which 
is limited only by device noise and Auto Zero residual 
offsets. 

Reference Integrate (Deintegrate) Cycle 
The reference capacitor, which was charged 

during the Auto Zero cycle, is connected to the input 
of the integrating amplifier. The internal sign logic 
insures that the polarity of the reference voltage is 
always connected in the phase which is opposite to 
that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate which is deter
mined by the reference potential. 

The amount of time required (T DEINT) for the 
integrating amplifier to reach zero is directly propor
tional to the amplitude of the voltage that was put on 
the integrating capacitor (V1NT) during the integration 
cycle: 

T _ R1NT (C1NT) (VINT) 
DEINT - -------

VREF 

The digital reading displayed is: 

v + - v -
Digital Count = 1000 IN IN 

VREF 

The oscillator frequency is divided by 4 prior 
to clocking the internal decade counters. The four 
phase measurement cycle takes a total of 4000 counts 

TSC810 
or 16000 clock pulses. The 4000 count cycle is inde
pendent of input signal magnitude or polarity. 

Each phase of the measurement cycle has 
the following length: 

1) Auto Zero: 300 to 2900 Counts 
2) Signal Integrate: 1000 Counts 

This time period is fixed. The integration period is: 

4000 
T1NT = -- = 1000 Counts 

fosc 

Where fosc is the externally set clock frequency. 

3) Reference Integrate: O to 2000 Counts 
4) Integrator Output Zero: 11 to 640 Counts 

The TSC810 is a drop in replacement for the 
TSC7116 and ICL7116. The TSC810 offers a greatly 
improved internal reference temperature coefficient. 
Some minor component value changes are required 
to upgrade existing designs and improve the overall 
performance. (see Oscillator Components) 

Digital Section 
The TSC810 contains all the segment drivers 

necessary to directly drive a 3112 digit liquid crystal 
display (LCD). An LCD backplane driver is included. 
The backplane frequency is the external clock fre
quency divided by 800. For three conversions/second 
the backplane frequency is 60Hz with a 5V nominal 
amplitude. When a segment driver is in phase with the 
backplane signal the segment is "OFF". An out of 
phase segment drive signal causes the segment to be 
"ON" or visible. This AC drive configuration results in 
negligible DC voltage across each LCD segment. 
This insures long LCD display life. The polarity 
segment driver is "ON" for negative analog inputs. If 
V1N +and V1N- are reversed then this indicator would 
reverse. 

TEST Function (TEST) 
On the TSC810, when TEST is pulled to a 

logical "HIGH", all segments are turned "ON". The 
display will read "-1888". During this mode the LCD 
segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than 
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several minutes. LCD displays may be destroyed if 
operated with DC levels for extended periods. 

The display FONT and segment drive assign
ment are shown in Figure 5. 

l 1''""T100··1""1'··1 
DISPLAY FONT 

I-/ B B BI 0123'-156189 

Figure 5: Display FONT and Segment Assignment 

HOLD Reading Input (HLDR) 
When HLDR is at a logic "HI" the latch will not 

be updated. Conversions will continue but will not be 
updated until HLDR is returned to "LOW". To conti
nuously update the display, connect HLDR to ground 
or leave it open. This input is CMOS compatible and 
has an internal resistance of 70k0 (typical) tied to 
TEST. 

COMPONENT VALUE SELECTION 
Auto Zero Capacitor - CAz 

The value of the Auto Zero capacitor (CAz) 
has some influence on system noise. A 0.47µF capa
citor is recommended for 200mV full-scale applica
tions where 1 LSB is 100µV. A 0.10µF capacitor should 
be used for 2.0V full-scale applications. A capacitor 
with low dielectric absorbtion (Mylar) is required. 

Reference Voltage Capacitor - CREF 
The reference voltage used to ramp the inte

grator output voltage back to zero during the reference 
integrate cycle is stored on CREF· A 0.1µF capacitor is 
typical. If the application requires a sensitivity of 
200mV full-scale, increase CREF to 1.0µF. Rollover 
error will be held to less than 'hcount. A good quality, 
low leakage capacitor, such as Mylar, should be used. 

Integrating Capacitor - C1NT 
C1NT should be selected to maximize inte

grator output voltage swing without causing output 
saturation. Analog common will normally supply the 
differential voltage reference. For this case a ±2V 
full-scale integrator output swing is optimum. For 3 
readings/second (fose = 48kHz), a .047µF value is 
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suggested. For one reading per second, 0.15µF is 
recommended. If a different oscillator frequency is 
used, CiNT must be changed in inverse proportion to 
maintain the nominal ±2V integrator swing. An exact 
expression for CiNT is: 

CiNT = 4000 VFs 
V1NT R1Nr fose 

where: 
fose = Clock frequency at Pin 38 
VFS = Full-scale input voltage 
RiNT = Integrating resistor 
ViNT = Desired full-scale integrator output swing 

CiNT must have low dielectric absorption to 
minimize roll-over error. A polypropylene capacitor is 
recommended. 

Integrating Resistor - R1NT 
The input buffer amplifier and integrator are 

designed with class A output stages which have idling 
currents of 6µA.The integrator and buffer can supply 
1µA drive currents with negligible linearity errors. 
RiNT is chosen to remain in the output stage linear 
drive region but not so large that printed circuit board 
leakage currents induce errors. For a 200mV full
scale, RiNT should be about 180k0: A 2.0V full-scale 
requires about 1.8MO: 

Oscillator Components - Rose, Cose 
The internal oscillator has been designed to 

work best when Cose is equal to 50pF. Rose should 
be selected from the table below. Note that fose is 
divided by four to generate the TSC810 internal 
control clock. The backplane drive signal is derived 
by dividing fose by 800. 

To achieve maximum rejection of 60Hz ac
line noise pickup, a 60Hz period should be an even 
multiple of the signal integrate period. Oscillator 
frequencies of 30kHz, 40kHz, 48kHz, etc. should be 
selected. Likewise, for 50Hz rejection, oscillator fre
quencies of 33 1/3kHz, 40kHz, 50kHz, etc. would be 
appropriate. Note that 40kHz (2.5 readings/second) 
will reject ac-line noise of both 50Hz and 60Hz. 

Pins 38, 39 and 40 make up the oscillator 
section of the TSC810. Figures 6a and 6b show some 
typical conversion rate component values: 
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38 

Cose 
(SO pFd) 

TSC810 
40 

Rose 

39 

Figure 6a: TSC810 Oscillator Connection 

Cose= SOpF 

Oscillator Convertions 
Freq. (kHz)* per Sec. 

60 3.75 

50 3.125 

48 3.0 

40 2.5 

16 1.0 

• Approximate 

Figure 6b: Suggested Rose Values 

Rose 
(kO) 

100 

123 

130 

160 

470 

The LCD backplane frequency is derived by 
dividing the oscillator frequency by 800. Capacitive 
loading of the LCD may compromise display per
formance if the oscillator is run much over 48KHz. 

MEASURED 
SYSTEM 

VfN 

ANALOG . 
COMMON 

TSC810 
Reference Voltage (VREF) 

A full-scale reading (2000 counts) requires 
the input signal be twice the reference voltage. 

In some applications a scale factor other than 
unity may exist, such as between a transducer output 
voltage and the required digital reading. Assume, for 
example, a pressure transducer output is 400mV for 
20001b/in2. Rather than dividing the input voltage by 
two, the reference voltage should be set to 200mV. 
This permits the transducer input to be used directly. 

The TSC810 does not support the use of a 
differential reference. See the TSC811 for full ratio
metric measurements. The TSC811 also offers low 
power and display hold. 

DEVICE PIN FUNCTIONAL DESCRIPTION 
Differential Signal Inputs (V1N+, V1N-) 

The TSC810 is designed with true differential 
inputs and accepts input signals within the input 
stage common mode voltage range (VcMl· The typical 
range is v+ - 1.0 to v- + 1.5V. Common-mode voltages 
are removed from the system when the TSC810 
operates from a battery or floating power source 
(isolated from measured system) and V1N- is con
nected to Analog Common. (See Figure 7). 

In systems where common-mode voltages 
exist, the 86dB common-mode rejection ratio mini
mizes error. Common-mode voltages do, however, 
affect the integrator output level. A worse case condi
tion exists if a large positive VcM exists in conjunction 
with a full-scale negative differential signal. The nega
tive signal drives the integrator output positive along 
with VcM (Figure 8). For such applications the inte-

"'" TSC810 

9V 

Figure 7: Common-Mode Voltage Removed in Battery Operation with V1N Analog Common 
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VcM 

I 

l 
where 

c, 

T1" INTEGRATION TIME" ~~ 
C1 "INTEGRATING CAPACITOR 
Rt" INTEGRATING RESISTOR 

Figure 8: Common-Mode Voltage Reduces Available 
Integrator Swing. (VcoM #- V1N) 

grator output swing can be reduced below the recom
mended 2.0V full-scale swing. The integrator output 
will swing within .0.3V of v+ or v- without increased 
linearity error. 

Reference {VREF+) 
The reference voltage is generated with res

pect to Analog Common. 
To prevent rollover type errors from being 

induced by large common-mode voltages, CREF 
should be large compared to stray node capacitance. 
A 0.1µF capacitor is a typical value. 

The TSC810 offers a significantly improved 
Analog Common temperature coefficient. This pro
vides a very stable voltage suitable for use as a voltage 
reference. The temperature coefficient of Analog 
Common is typically 35ppm/°C. 

Analog Common {COM) 
The Analog Common pin is set at a voltage 

potential approximately 3.0V below v+. This potential 
is guaranteed to be between 2.70V and 3.35V below 
v+. Analog common is tied internally to an N channel 
FET capable of sinking 100µA. This FET will hold the 
common line at3.0V belowv+ should an external load 
attempt to pull the common line toward v+. Analog 
common source current is limited to 1µA. Analog 
common is therefore easily pulled to a more negative 
voltage (i.e. below v+ - 3.0 V). 

The TSC810 connects the internal V1N+ and 
V1N- inputs to Analog Common during the Auto Zero 
cycle. During the reference integrate phase V1N- is 
connected to Analog Common. If V1N- is not externally 
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connected to Analog Common, a common-mode 
voltage exists. This is rejected by the converter's 86d B 
common-mode rejection ratio. In battery powered 
applications, Analog Common and V1N- are usually 
connected, removing common-mode voltage con
cerns. In systems where V1N- is connected to the 
power supply ground or to a given voltage, Analog 
Common should be connected to V1N-· 

The Analog Common pin serves to set the 
analog section reference or common point. The 
TSC810 is specifically designed to operate from a 
battery or in any measurement system where input 
signals are not referenced (float) with respect to the 
TSC810 power source. The Analog Common poten
tial of v+ - 3.0V gives a 7V end of battery life voltage. 
The analog common potential has a voltage coeffi
cient of 0.001 %/%. 

With a sufficiently high total supply voltage 
(V+ - v- > 7.0V), Analog Common is a very stable 
potential with excellent temperature stability (typically 
35ppm/0 C). This potential can be used to generate 
the TSC810 reference voltage. An external voltage 
reference will be unnecessary in most cases because 
of the 35ppm/°C temperature coefficient. See TSC810 
Internal Voltage Reference discussion. 

TEST 
The TEST pin potential is 5V less than v+. 

TEST may be used as the negative power supply 
connection when interfacing the TSC810 to external 
CMOS logic. The TEST pin is tied to the internally 
generated negative logic supply through a 5000 re
sistor. The TEST pin may be used to sink up to 1mA. 
See the applications section for additional information 
on using TEST as a negative digital logic supply. 

If TEST is pulled "HIGH" (V+), all segments 
plus the minus sign will be activated. Do not operate 
in this mode for more than several minutes, because 
when TEST is pulled to v+, the LCD Segments are 
impressed with a DC voltage which may cause 
damage to the LCD. 

APPLICATIONS INFORMATION 
Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally 
generated digital logic supply ground through a 5000 
resistor. The TEST pin may be used as the negative 
supply for external CMOS gate segment drivers. LCD . 
display annunciators for decimal points, low battery 
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v• v• ,- -1 .., ... I I 
I 4049 I 

TSC810 I I 
I I 
I I 

TO LCD I HlDR BP DECIMAL 
POINT 

Simple Inverter for Fixed Decimal Point 
or Display Annunciator 

Figure 9: Display Annunciator 

indication, or function indication may be added 
without adding an additional supply. No more than 
1 mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below v+. 

INTERNAL VOLTAGE REFERENCE 
The TSC810Analog Common voltage temper

ature stability has been significantly improved. This 
improved device can be used to upgrade old systems 
and design new systems without external voltage 
references. External R and C values do not need to be 
changed, however, noise performance will be im
proved by increasing CAz (See Auto Zero Capacitor 
section). Fig 10 shows Analog Common supplying the 
necessary voltage reference for the TSC810. 

9V 

11 • 
26 
v- y+ 240kH .., ... 
TSC810 

VfteFl---•~10 kH 

+ HlDR VREF 

~~~~'l,~-~' -~ 

SET VREF = 1/2 VfULL SCALE 

Figure 10: TSC810 lntemal Voltage 
Reference Connection 

v• 

POINT 
SELECT 

TSC810 

TS~Q DECIMAL( 

TEST -+-lj~,-

Mulllple Declrnal Point or 
Annunciator Drtwtr 

Liquid Crystal Display Sources 
Several LCD manufacturers supply standard 

LCD displays to interface with the TSC810 3'h digit 
analog-to-digital converter. 

Ma nu- Representative 
facturer Address/Phone Part Numbers1 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135, SX440 

216/655-2429 

AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 

EPSON 3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903 
Lake Mills, WI 53551 
414/648-2361 

Nole: 
1. Contact LCD manufacturer for full product listing/specifications . 
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---'""3"-5 - HOLD 
HLDR 1 READIN,~G~,;;;.2_ 

+SV 

+ 
10µFd 

GND 

+ 
10µFd 

5 

Figure 11: Single +5 Volt Supply Using TSC7660 

160kU 

1N4148 
SENSOR 

30DkH 300kH 35 

50 kSl >-"•'--=3.:.i1 VfN 

so on :..---l--"""36"1,VfteF 
•• 

Figure 12: Temperature Sensor 

26 

• TSC810 
v,0.2oomv 

HLDR 
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S.lkn 1&0kn 35 26 
y+ 

., 30 
1N914 VjN 

20on • 31 VjN TSC810 
0.7%/°C •• 

36 vt. •• PTC .. , 20•n VFs ·200mV 

32 ANALOG 
COMMON 

HLDR 

Figure 13: PosHlve Temperature Coefficient Resistor 
· Temperature Sensor 
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Package Outline 
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TSCS10· 

Bonding Diagram 
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~~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC811 
31/2 DIGIT AID CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 

FEATURES 

• Differential Reference Input 

• Display Hold Function 

• Fast Over-Range Recovery, Guaranteed Next Reading 
Accuracy 

• Low Temperature Drift Internal Reference 
35ppm!°C (Typ) 

• Guaranteed Zero Reading with Zero Input 

• Low Noise .......................... 15µVp-p 

• High Resolution (0.05%) and Wide Dynamic Range 
(72 dB) 

• High Impedance Differential Input 

• Low Input Leakage Current 
. . 1pA Typical, 10pA Maximum 

• Direct LCD Drive - No External Components 

• Precision Null Detection with True Polarity at Zero 

• Crystal Clock Oscillator 

• Available in DIP, Compact Flat Package or PLCC 

• Convenient 9V Battery Operation with Low Power 
Dissipation (600µW Typical, 1mW Maximum) 

FUNCTIONAL DIAGRAM 

osc, HLDR 
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GENERAL DESCRIPTION 
The TSC811 is a low power, 3112 digit, LCD 

display analog-to-digital converter. This device incor
porates both a display hold feature and differential 
reference inputs. A crystal oscillator, which only 
requires 2 pins, permits added features while retaining 
a 40-pin package. An additional feature is an "Inte
grator Output Zero" phase which guarantees rapid 
input overrange recovery. 

The TSC811 display hold (HLDR) function 
can be used to "freeze" the LCD display. The displayed 
reading will remain indefinitely as long as HLDR is 
held high. Conversions continue but the output data 
display latches are not updated. The TSC811 also 
includes a differential reference for easy ratiometric 
measurements. Circuits which use the 7106/26/36can 
easily be upgraded to include the hold function with 
the TSC811. 

The TSC811 has an improved internal zener 
reference voltage circuit which maintains the Analog 
Common temperature drift to 35ppm/° C.(typical) and 
75ppm/°C (maximum). This represents an improve
ment of two to four times over similar 3112 digit 
converters, eliminating the need for a costly, space 
consuming external reference source. 

The TSC811 limits linearity error to less than 1 
count on both the 200mV and the 2.00V full-scale 
ranges. Rollover error-the difference in readings for 
equal magnitude but opposite polarity inputsignals
is below ±1 count. High impedance differential inputs 
offer 1 pA leakage currents and a 10120 input impe
dance. The 15µV p-p noise performance guarantees a 
"rock solid" reading. The Auto Zero cycle guarantees 
a zero display readout for a zero volt input. 

The single chip CMOS TSC811 incorporates 
all the active devices for a 3112 digit analog to digital 
converter to directly drive an LCD display. On board 
oscillator, precision voltage reference and display 
segment and backplane drivers simplify system inte
gration, reduce board space requirements and lower 
total cost. A low cost, high resolution (0.05%) indi
cating meter requires only a TSC811, an LCD display, 
five resistors, six capacitors, a crystal, and a 9V 
battery. Compact, hand held multimeter. designs 
benefit from the Teledyne Semiconductor small foot
print package option. 

NEW PRODUCT INFORMATION 

The TSC811 uses a dual slope conversion 
technique which will reject interference signals if the 
converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 
and 400Hz line frequency signals are present. 

Typical Applications 
• Thermometry 
• Digital Meters 

- Voltage/Current/Power 
- pH Measurement 
- Capacitance/Inductance 
- Fluid Flow RateNiscosity 
- Humidity 
- Position 

• Panel Meters 
• LVDT Indicators 
• Portable Instrumentation 
• Digital Scales 
• Process Monitors 
• Gaussmeters 
• Photometers 

Ordering Information 

Temperature 
Part No. Package Range VREF TempCo 

TSC811CPL 
40-Pin 

0° to ?O'C 75ppm/° C Max 
Plastic 

TSC811RCPL1 
40-Pin 

O' to 70°C 75ppm/' C Max 
Plastic 

TSC8111JL 
40-Pin 

-25° to 85°C 100ppm/'C Max 
CerDlP 

TSC811CKW 
44-Pin 
Flat 

O' to ?O'C 75ppm/' C Max 

TSC811CLW 
44-Pin 

O' to 70'C 75ppm/' C Max 
PLCC 

TSC811CPL/812 
40-Pin 

0° to ?O'C 75ppm/' C Max 
CerDlP 

TSC811 l·JLIB12 
40-Pin 

-25° to 85'C 100ppm/'C Max 
CerDIP 

Notes: 
1. Reversed pin-out 
2. 160 Hour, 125°C Burn-in 
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TSC811 
Pin Configuration 

HLDR 1 .. .~ 

I 
> 

TEST "7 ,., a, a 

~ 
..,.... 

TSC811CLW 

10's 
•2 II 

~ " 
100's 

L m"' ... " ..,"' ':.., f ~ a ., 
1ooo·s -AB4 

POL 

;~ .;~ o~ 

HLDR 
o, l NC 

c, ., I ., ,., 
,, 

G3 a, 
BP ,, 

~ 
o, OSC1 

c, HLOR ., 
10·1 

•2 

~ 
Cl F3 ,, 83 ,, 

03 ., < u: " 1ii !l ll Ill ~ ~ t;j g 

" _J ,, NOTES 
1 NC • NO INTEANAL CONNECTION 

7-41 



NEW PRODUCT INFORMATION 

TSC811 
Absolute Maximum Ratings 
Supply Voltage (V+ to v-) . . . . . . . . . . . . . . . . . 15V 
Analog Input Voltage (either input)1 . . . . v+ to v
Reference Input Voltage . . . . . . . . . . . . . . . v+ to v
Clock Input . . . . . . . . . . . . . . . . . . . . . . . TEST to v+ 
Power Dissipation2 

Operating Temperature 
Commercial Package (C) .......... 0° to +70°C 
Industrial Package (I) . . . . . . . . . . . -25° to +85°C 

Storage Temperature . . . . . . . . . . . . -65° to +160°C 
Lead Temperature (soldering, 60 sec) . . . +300°C 

CerDIP Package (J) . . . . . . . . . . . . . . . . . 1000mW 
Plastic Package (P, K ) . . . . . . . . . . . . . . . . BOOmW 
Plastic Leaded Chip Carrier (L) . . . . . . . . BOOmW 

Static sensitive device. Unused devices should be stored in con
ductive material to protect against static discharge and static 
fields. 

Electrical Characteristics: VsuPPLY = 9V, fcLOCK = 32.768kHz and TA = 25°C unless otherwise noted. 

TSC811 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Input Section 

- Zero Input Reading 
V1N = 0.0V, 

-000.0 ±000.0 +000.0 
Digital 

VFS = 200.0mV Reading 

- Zero Reading Drift V1N = O.OV, - 0.2 1 µV/oC 
0°c::::: TA::::: 70°C 

Ratiometric Reading V1N = VREF• 999 
999 

1000 
Digital -

VREF = 100mV 
--

Reading 1000 

NL Linearity Error VFS = 200mV or 2.000V -1 ±0.2 +1 Counts 

ER Rollover Error 
V1N- = V1N+ 

-1 ±0.2 +1 Counts 
= 200.0mV 

EN Noise 
V1N = 0.0V, - 15 - µVp-p VFS = 200.0mV 

IL Input Leakage Current V1N = 0.0V - 1 10 pA 

CMRR 
Common Mode VcM = ±1V, V1N = OV, 

50 µVN Rejection VFS = 200.0mV 
- -

Scale Factor V1N = 199.0mV, 
TCsF Temperature 0°c::::: TA::::: 70°C, - 1 5 ppm/°C 

Coefficient (ext. VREF tc = Oppm) 

Analog Common Section 

250KO from v+ to 
Analog Common Analog Common, 

VcTC Temperature 0°c::::: TA::::: 70°C 
Coefficient "C" Commercial 35 75 ppm/°C 

"I" Industrial 35 100 ppm/°C 

Ve 
Analog Common 250KO from v+ to 

2.7 3.05 3.35 Volts 
Voltage Analog Common 
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TSC811 
Electrical Characteristics {continued) 
VsuPPLY = 9V. fcLOcK = 32.768kHz and TA = 25°C unless otherwise noted. 

SYMBOL PARAMETER 

Hold Pin Input Section 

Input Resistance 

V1L Input Low Voltage 

V1H Input High Voltage 

LCD Drive Sectiona 

VsD 

VsD 

LCD Segment 
Drive Voltage 

LCD Backplane 
Drive Voltage 

Power Supply Section 

lsuP Power Supply Current 

Notes: 

TEST CONDITIONS 

Pin 1 to Pin 37 

Pin 1 

Pin 1 

v+tov-=9V 

V1N = 0.0V, 
v+tov-=9V 
fosc = 16kHz 
fosc = 48 kHz 

MIN 

-
-

v+ - 1.5 

4 

4 

1) Input voltage may exceed the supply voltages when the input current is limited to 100µA. 

TSC811 
TYP MAX 

70 

-
-

5 

5 

70 
90 

-
Test +1.5 

-

6 

6 

100 
125 

2) Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 

UNIT 

kCl 

v 

v 

Vp-p 

µA 
µA 

3) Backplane drive is in phase with the segment drive for "segment off" 180° out of phase for "segment on". Frequency is 20 times 
the conversion rate. Average DC component is less than 50mV. 

Pin Descriptions 

40-pin 44-pin 
DIP PLCC Name Function 

2 HLDR Hold pin, logic 1 holds present display reading 

2 3 D1 Activates the D section of the units display 

3 4 C1 Activates the C section of the units display 

4 5 81 Activates the B section of the units display 

5 6 A1 Activates the A section of the units display 

6 7 F1 Activates the F section of the units display 

7 8 G1 Activates the G section of the units display 

8 9 E1 Activates the E section of the units display 

9 10 D2 Activates the D section of the tens display 

10 11 C2 Activates the C section of the tens display 

11 13 82 Activates the B section of the tens display 

7-43 

II 



NEW. PRODUCT INFORMATION 

TSC811 
Pin Descriptions (continued) 

40-pln 44-pin 
DIP PLCC Name Function 

12 14 A2 Activates the A section of the tens display 

13 15 F2 Activates the F section of the tens display 

14 16 E2 Activates the E section of the tens display 

15 17 03 Activates the D section of the hundreds display 

16 18 B3 Activates the B section of the hundreds display 

17 19 F3 Activates the F section of the hundreds display 

18 20 E3 Activates the E section of the hundreds display 

19 21 AB4 Activates both halves of the 1 in the thousands display 

20 22 POL Activates the negative polarity display 

21 24 BP Backplane drive output 

22 25 G3 Activates the G section of the hundreds display 

23 26 A3 Activates the A section of the hundreds display 

24 27 C3 Activates the C section of the hundreds display 

25 28 G2 Activates the G section of the tens display 

26 29 v- Negative power supply voltage 

27 30 V1NT Integrator output, connection for C1NT 

28 31 VsuFF Buffer output, connection for R1NT 

29 32 CAZ Integrator input, connection for CAz 

30 33 V1N- Analog input low 

31 35 V1N+ Analog input high 

32 36 COM Analog Common: Internal zero reference 

33 37 VREF- Reference input low 

34 38 CREF- Negative connection for reference capacitor 

35 39 CREF+ Positive connection for reference capacitor 

36 40 VREF+ Reference input high 

37 41 TEST All LCD segment test when pulled high (V+) 

38 42 v+ Positive power supply voltage 

39 43 OSC2 Crystal oscillator output 

40 44 OSC1 Crystal oscillator input 
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ANALOG 
INPUT 

180 k 

0.068 µF 

01 1,F 

35 34 

32 kHz 

Figure 1: Typical Operating Circuit 

-=- 9 v 

2CONVERSIONISEC 

TO ANALOG COMMON 
(P321 

GENERAL THEORY OF OPERATION 
Dual Slope Conversion Principles 

The TSC811 is a dual slope, integrating 
analog-to-digital converter. An understanding of the 
dual slope conversion technique will aid the user in 
following the detailed TSC811 theory of operation 
following this section. A conventional dual slope 
converter measurement cycle has two distinct phases: 

1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 

Referring to Fig 2, the unknown input signal 
to be converted is integrated from zero for a fixed time 
period (TiNr), measured by counting clock pulses. A 
constant reference voltage of the opposite polarity is 
then integrated until the integrator output voltage re
turns to zero. The reference integration (deintegration) 
time (T DEINT) is then directly proportional to the un
known input voltage (V1Nl· 

In a simple dual slope converter, a complete 
conversion requires the integrator output to "ramp
up" from zero and "ramp-down" back to zero. A 
simple mathematical equation relates the input signal, 
reference voltage and integration time: 

VIN (t) dt = REF DEINT 1 IT~ v T 

R1NT C1NT 0 R1NT C1NT 
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ANALOG 
INPUT 0--------0 
SIGNAL 

'-•--- VIN VFULLSCALE 

/"""4---".--- VIN l.'2 VFULLSCALE 

~t----------1 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

Figure 2: Basic Dual Slope Converter 
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i 
0 
0 

' 
~ 

~ 
0 
2 

0. l!T 

T MEASUREMENT PERIOD : 

1/T 

INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 

where: VREF = Reference Voltage 
T1NT = Integration Time 
T DEINT = Deintegration Time 

For a constant T1Nr: 

V1N = VREF T DEINT 
T1NT 
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Accuracy in a dual slope converter is unrelated 
to the integrating resistor and capacitor values as long 
as they are stable during a measurement cycle. An 
inherent benefit of the dual slope technique is noise 
immunity. Noise spikes are integrated or averaged to 
zero during the integration periods, making integrating 
ADCs immune to the large conversion errors that 
plague successive approximation converters in high 
noise environments. Interfering signals, with fre
quency components at multiples of the averaging 
(integrating) period, will be attenuated. (see Fig 3). 
Integrating ADCs commonly operate with the signal 
integration period set to a multiple of the 50/60Hz 
power line period. 

THEORY OF OPERATION 
Analog Section 

In addition to the basic integrate and deinte
grate dual slope cycles discussed above, the TSCB11 
design incorporates an "Integrator Output Zero" cycle 
and an "Auto Zero" cycle. These additional cycles 
ensure that the integrator starts at zero volts (even 
after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true 
digital zero reading is assured without any· external 
adjustments. 

A complete conversion consists of four dis
tinct cycles: 

1) Integrator Output Zero Cycle 
2) Auto Zero Cycle 
3) Signal Integrate Cycle 
4) Reference Deintegrate Cycle 

INT J=1000==i.___ ___ ___.r 
DE·INT_I -~F1•2000.-I~ ____ I~. 

" I -n-11-140 I 
AZ 11 __________ l---910-2900-L 

Figure 4a: Conversion Timing During 
Normal Operation 

NEW PRODUCT INFORMATION 

INTJ=1000-I r 
OE-INT I F=zool-2090==4 .. I 

ZI I 31-640--fl=.L 
I I 

AZl -ri-
~-------------300-·9-10~ L. 
1------4000-----_.., 

Figure 4b: Conversion Timing During Over-Range 
Operation 

Integrator Output Zero Cycle 
This phase guarantees that the integrator 

output is at zero volts before the system zero phase is 
entered, ensuring that the true system offset voltages 
will be compensated for even after an over-range 
conversion. The duration of this phase is variable, 
being a function of the number of counts (clock 
cycles) required for deintegration. 

The Integrator Output Zero cycle will last 
from 11 to 140 counts for non-over-range conversions 
and from 31 to 640 counts for over-range conversions. 

Auto Zero Cycle 
During the Auto Zero cycle, the differential 

input signal is disconnected from the measurement 
circuit by opening internal analog switches and the 
internal nodes are shorted to Analog Common (0 volt 
ref.) to establish a zero input condition. Additional 
analog switches close a feedback loop around the 
integrator and comparator to permit comparator 
offset voltage error compensation. A voltage estab
lished on CAz then compensates for internal device 
offset voltages during the measurement cycle. The 
Auto Zero cycle residual is typically 10 to 15µV. 

The Auto Zero duration is from 910 to 2,900 
counts for non-over-range conversions and from 300 
to 910 counts for over-range conversions. 

Signal Integration Cycle 
Upon completion of the Auto Zero cycle, the 

Auto Zero loop is opened and the internal differential 
inputs connectto "'.iN +and VIN-· The differential input 
signal is then integrated for a fixed time period which, 
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in the TSC811 is 1000 counts (4000 clock periods). 
The externally set clock frequency is divided by four 
before clocking the internal counters. The integration 
time period is: 

4000 
TINT=-

lose 

The differential input voltage must be within 
the adevice common-mode range when the converter 
and measured system share the same power supply 
common (ground). If the converter and measured 
system do not share the same power supply common, 
as in battery powered applications, V1N- should be 
tied to Analog Common. 

Polarity is determined at the end of signal 
integration phase. The sign bit is a "true polarity" 
indication in that signals less than 1 LSB are correctly 
determined. This allows precision null detection which 
is limited only by device noise and Auto Zero residual 
offsets. 

Reference Integrate (Deintegrate) Cycle 
The reference capacitor, which was charged 

during the Auto Zero cycle, is connected to the input 
of the integrating amplifier. The internal sign logic 
insures that the polarity of the reference voltage is 
always connected in the phase which is opposite to 
that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate which is deter
mined by the reference potential. 

The amount of time required (T DEINT) for the 
integrating amplifier to reach zero is directly propor
tional to the amplitude of the voltage that was put on 
the integrating capacitor (Vi NT) during the integration 
cycle: 

T - R1NT C1NT V1NT 
DEINT -

VREF 

The digital reading displayed is: 

v + - v -
Digital Count = 1000 IN IN 

VREF 

The oscillator frequency is divided by 4 prior 
to clocking the internal decade counters. The four 
phase measurement cycle takes a total of 4000 counts 
or 16000 clock pulses. The 4000 count cycle is inde
pendent of input signal magnitude or polarity. 

TSC811 
Each phase of the measurement cycle has 

the following length: 

1) Auto Zero: 300 to 2900 Counts 
2) Signal Integrate: 1000 Counts 

This time period is fixed. The integration period is: 

4000 
T1NT = -- = 1000 Counts 

lose 
Where lose is the crystal oscillator frequency. 

3) Reference Integrate: 0 to 2000 Counts 
4) Integrator Output Zero: 11 to 640 Counts 

The TSC811 can replace the ICL7106/26/36 in 
circuits which require both the hold function and a 
differential reference. The TSC811 offers a greatly 
improved internal reference temperature coefficient, 
which can often eliminate the need for an external 
reference. Some minor component changes are re
quired to upgrade existing designs, reduce power 
dissipation, and improve the overall performance. 
(see Oscillator Components) 

Digital Section 
The TSC811 contains all the segment drivers 

necessary to directly drive a 3112 digit liquid crystal 
display (LCD). An LCD backplane driver is included. 
The backplane frequency is the external clock fre
quency divided by 800. For three conversions/second 
the backplane frequency is 60Hz with a 5V nominal 
amplitude. When a segment driver is in phase with the 
backplane signal the segment is "OFF". An out of 
phase segment drive signal causes the segment to be 
"ON" or visible. This AC drive configuration results in 
negligible DC voltage across each LCD segment. 
This insures long LCD display life. The polarity 
segment driver is "ON" for negative analog inputs. If 
V1N +and V1N- are reversed then this indicator would 
reverse. 

TEST Function (TEST) 
On the TSC811, when TEST is pulled to a 

logical "HIGH", all segments are turned "ON". The 
display will read "-1888". During this mode the LCD 
segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than 
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several minutes. LCD displays may be destroyed if 
operated with DC levels for extended periods. 

The display FONT and segment drive assign
ment are shown in Figure 5. 

DISPLAY FONT 

I-/ 8 8 BI O/C'3YSG789 

Figure 5: Display Font and Segment Assignment 

HOLD Reading Input (HLDR) 
When HLDR isatalogic"Hl"thelatchwill not 

be updated. Conversions will continue but will not be 
updated until HLDR is returned to "LOW". To conti
nuously update the display, connect HLDR to ground 
or leave it open. This input is CMOS compatible and 
has an internal resistance of 70KO (typical) tied to 
TEST. 

COMPONENT VALUE SELECTION 
Auto Zero Capacitor - CAz 

The value of the Auto Zero capacitor (CAz) 
has some influence on system noise. A 0.47µF capa
citor is recommended for 200mV full-scale applica
tions where 1 LSB is 100µ\/. A 0.10µF capacitor should 
be used for 2.0V full-scale applications. A capacitor 
with low dielectric absorption (Mylar) is required. 

Reference Voltage Capacitor - CREF 
The reference voltage used to ramp the inte

grator output voltage back to zero during the reference 
integrate cycle is stored on CREF· A 0.1µF capacitor is 
typical. If the application requires a sensitivity of 
200mV full-scale, increase CREF to 1.0µF. Rollover 
error will be held to less than 1hcount. A good quality, 
low leakage capacitor, such as Mylar, should be used. 

Integrating Capacitor - C1NT 
C1NT should be selected to maximize inte

grator output voltage swing without causing output 
saturation. Analog common will normally supply the 
differential voltage reference. For this case a ±2V 
integrator output swing is optimum when the analog 
input is near full-scale. For 2 or 2.5 readings/second 

NEW PRODUCT INFORMATION 

(fosc = 32kHz or 40kHz) and VFS = 200mV, a .068µF 
value is suggested. If a different oscillator frequency 
is used, CiNT must be changed in inverse proportion 
to maintain the nominal ±2V integrator swing. An 
exact expression for C1NT is: 

CiNT = 4000 VFS 
V1NT R1NT fosc 

where: 
fosc = Clock frequency at Pin 39 
VFS = Full-scale input voltage 
RiNT = Integrating resistor 
ViNT = Desired full-scale integrator output swing 

CiNT must have low dielectric absorption to 
minimize roll-over error. A polypropylene capacitor is 
recommended. 

Integrating Resistor - R1NT 
The input buffer amplifier and integrator are 

designed with class A output stages which have idling 
currents of 6µA. The integrator and buffer can supply 
1µA drive currents with negligible linearity errors. 
RiNT is chosen to remain in the output stage linear 
drive region but not so large that printed circuit board 
leakage currents induce errors. For a 200mV full
scale, R1NT should be about 180k0. A 2.0V full-scale 
requires about 1.8MO. 

Oscillator Components 
The internal oscillator has been designed to 

operate with a quartz crystal, such as the Statek CX-
1V series. Such crystals are very small and are 
available in a variety of standard frequencies. Note 
that fosc is divided by four to generate the TSC811 
internal control clock. The backplane drive signal is 
derived by dividing fosc by 800. 

To achieve maximum rejection of ac-line 
noise pickup, a 40kHz crystal should be used. This 
frequency will yield an integration period of 100ms 
and will reject both 50Hz and 60Hz noise. For proto
typing or cost-sensitive applications a 32.768kHz 
watch crystal can be used, and will produce about 
25dB of line-noise rejection. Other crystal frequen
cies, from 16kHz to 48kHz, can also be used. 

Pins 39 and 40 make up the oscillator section 
of the TSC811. Figures 6a and 6b show some typical 
conversion rate component values: 
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OSC1 OSC2 v. 
40 39 38 

22M'1 

40.0 kHz 
470k 

20pF 10pF 9V 

'---------4~--'-l· 11 I-

Figure 6a: TSC811 Oscillator 

Full-Scale Voltage (VFs) 
Oscillator 

200mV 2.0V 
Freq. (kHz) 

RrNT CrNT RrNT CrNT 

32.768 180k 0.068µF 1.8M 0.068µF 

40 150k 0.068µF 1.SM 0.068µF 

Figure 6b. 

The LCD backplane frequency is derived by 
dividing the oscillator frequency by 800. Capacitive 
loading of the LCD may compromise display per
formance if the oscillator is run much over 48KHz. 

Reference Voltage (VREF) 
A full-scale reading (2000 counts) requires 

the input signal be twice the reference voltage. 

MEASURED 
SYSTEM 

TSC811 
In some applications a scale factor other than 

unity may exist, such as between a transducer output 
voltage and the required digital reading. Assume, for 
example, a pressure transducer output is 400mV for 
20001b/in2. Rather than dividing the input voltage by 
two, the reference voltage should be set to 200mV. 
This permits the transducer input to be used directly. 

DEVICE PIN FUNCTIONAL DESCRIPTION 
Differential Signal Inputs (V1N+ (Pin 31 ), v1N
(Pin 30)) 

The TSC811 is designed with true differential 
inputs and accepts input signals within the input 
stage common mode voltage range (V cM). The typical 
range is v+ -1.0 to v- + 1.SV. Common-mode voltages 
are removed from the system when the TSC811 
operates from a battery or floating power source 
(isolated from measured system) and V1N- is con
nected to Analog Common. (see Fig 8) 

In systems where common-mode voltages 
exist, the 86dB common-mode rejection ratio mini
mizes error. Common-mode voltages do, however, 
affect the integrator output level. A worse case condi
tion exists if a large positive VcM exists in conjunction 
with a full-scale negative differential signal. The 
negative signal drives the integrator output positive 
along with VcM (Figure 8). For such applications the 
integrator output swing can be reduced below the 
recommended 2.0V full-scale swing. The integrator 
output will swing within 0.3V of v+ or v- without 
increased linearity error. 

10 pF 
,_.,,____,___ ... ..._... V+ 

"'" TSC811 
VfN 

~~~~i~ VREF vfi.EF v• 

20pF 
t-tl""'-"'9>---li--... V+ 

9V 

Figure 7: Common-Mode Voltage Removed in Battery Operation with VrN Analog Common 
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c, 

v, 

T1 ~INTEGRATION TIME= ~~¥~ 
C1 =INTEGRATING CAPACITOR 

R1 INTEGRATING RESISTOR 

Figure 8: Common-Mode Voltage Reduces Available 
Integrator Swing. (VcoM ¥- V1N) 

Reference (VREF+ (Pin 36), VREF- (Pin 33)) 
Unlike the ICL7116, The TSCB11 has a differ

ential reference as well as the "hold" function. The 
differential reference inputs permit ratiometric measure
ments and simplify interfacing with sensors such as 
load cells and temperature sensors. The TSCB11 is 
ideally suited to applications in hand-held multi meters, 
panel meters, and portable instrumentation. The refer
ence voltage can be generated anywhere within the 
v+ to v- power supply range. 

To prevent rollover type errors from being 
induced by large common-mode voltages, CREF 
should be large compared to stray node capacitance. 
A 0.1µF capacitor is a typical value. 

The TSC811 offers a significantly improved 
Analog Common temperature coefficient. This pro
vides a very stable voltage suitable for use as a voltage 
reference. The temperature coefficient of Analog 
Common is typically 35ppm/° C. 

Analog Common (Pin 32) 
The Analog Common pin is set at a voltage 

potential approximately 3.0V belowv+. This potential 
is guaranteed to be between 2.70V and 3.35V below 
v+. Analog common is tied internally to an N channel 
FET capable of sinking 100µA. This FET will hold the 
common line at 3.0V below v+ should an external load 
attempt to pull the common line toward v+. Analog 
common source current is limited to 1µA. Analog 
common is therefore easily pulled to a more negative 
voltage (i.e. below v+ - 3.0 V). 

NEW PRODUCT INFORMATION 

The TSC811 connects the. internal V1N + and 
V1N- inputs to Analog Common during the Auto Zero 
cycle. During the reference integrate phase V1N- is 
connected to Analog Common. If V1N- is not externally 
connected to Analog Common, a common-mode 
voltage exists. This is rejected by the converter's 86dB 
common-mode rejection ratio. In battery powered 
applications, Analog Common and V1N- are usually 
connected, removing common-mode voltage con
cerns. In systems where V1N- is connected to the 
power supply ground or to a given voltage, Analog 
Common should be connected to V1 N~· 

The Analog Common pin serves to set the 
analog section reference or common point. The 
TSC811 is specifically designed to operate from a 
battery or in any measurement system where input 
signals are not referenced (float) with respect to the 
TSC811 power source. The Analog Common poten
tial of v+ - 3.0V gives a 7V end of battery life voltage. 
The analog common potential has a voltage coeffi
cient of 0.001 %/%. 

With a sufficiently high total supply voltage 
(V+ - v- > 7.0V), Analog Common is a very stable 
potential with excellent temperature stability (typically 
35ppm/°C). This potential can be used to generate 
the TSC811 reference voltage. An external voltage 
reference will be unnecessary in most cases because 
of the 35ppm/° C temperature coefficient. See TSC811 
Internal Voltage Reference discussion. 

TEST (Pin 37) 
The TEST pin potential is 5V less than v+. 

TEST may be used as the negative power supply 
connection when interfacing the TSC811 to external 
CMOS logic. The TEST pin is tied to the internally 
generated negative logic supply through a 5000 re
sistor. The TEST pin may be used to sink up to 1 mA. 
Seethe applications section for additional information 
on using TEST as a negative digital logic supply. 

If TEST is pulled "HIGH" (V+), all segments 
plus the minus sign will be activated. Do not operate 
in this mode for more than several minutes, because 
when TEST is pulled to v+, the LCD Segments are 
impressed with a DC voltage which may cause 
damage to the LCD. 
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v' 

~Ii"' 
TSC811 

r-L 
I 
I 
I 
I 
I 
I 

TO LCD 
DECIMAL 
POINT 

Simple Inverter for Fixed Decimal Point 
or Display Annunciator 

Multiple Decimal Point and 
Hold Annunciator Driver 

Figure 9: Display Annunciator Drivers 

APPLICATIONS INFORMATION 
Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally 
generated digital logic supply ground through a 5000 
resistor. The TEST pin may be used as the negative 
supply for external CMOS gate segment drivers. LCD 
display annunciators for decimal points, low battery 
indication, or function indication may be added 
without adding an additional supply. No more than 
1 mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below v+. 

INTERNAL VOLTAGE REFERENCE 
The TSC811 Analog Common voltage temper

ature stability has been significantly improved. This 
improved device can be used to upgrade old systems 
and design new systems without external voltage 

TSC811 
references. External Rand C values do not need to be 
changed, however, noise performance will be im
proved by increasing CAz (See Auto Zero Capacitor 
section). Fig 10 shows Analog Common supplying 
the necessary voltage reference for the TSC811. 

Liquid Crystal Display Sources 
Several LCD manufacturers supply standard 

LCD displays to interface with the TSC811 3112 digit 
analog-to-digital converter. 

Representative 
Manufacturer Address/Phone Part Numbers' 

Crysta lo id 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH 44236 T5135, SX440 

216/655-2429 

AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 

EPSON 3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903 
Lake Mills, WI 53551 
414/648-2361 

Note: 
1. Contact LCD manufacturer for full product listing/specifications. 

Oscillator Crystal Source 

Manufacturer Address/Phone 

STAT EK 512 N-Main 
Orange, CA 92668 
714/639-7810 

Representative 
Part Numbers 

CX-1V 40.0 

Ratiometric Resistance Measurements 
The TSC811 true differential input and differ

ential reference make ratiometric readings possible. 
In ratiometric operation, an unknown resistance is 
measured with respect to a known standard resis
tance. No accurately defined reference voltage is 
needed. 

The unknown resistance is put in series with 
a known standard and a current is passed through 
the pair (Figure 11 ). The voltage developed across 
the unknown is applied to the input and the voltage 
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TSC811 
across the known resistor applied to the reference 
input. If the unknown equals the standard, the input 
voltage will equal the reference voltage and the 
display will read 1000. The displayed reading can be 
determined from the following expression: 

Displayed reading = RuNKNOWN x 1000 
RsTANDARD 

The display will overrange for RuNKNOWN 2': 2 x 

RsTANDARD· 

9V 

NEW PRODUCT INFORMATION 

.------.---.-----+---ilj 9 v 

v• 

1N4148 50kl! 
SENSOR 

HLDR 't:._ V+ 

11 • Figure 12: Temperature Sensor 

26 38 
v• 240 kI! .., .... 

TSC811 

vfi.EF 36 10 k!! 

+ 
VREF 

V;\EF 33 I 
ANALOG 32 
COMMON 

SET VREF"' 1/2 VFULL SCALE 

Figure 10: TSC811 Internal Voltage 
Reference Connection 

v• 
vREF HLOR 

RSTANDARD 

RUN KNOWN 

VREF 

ViN .., .... 

TSC811 

0-----1v1N 
ANALOG 
COMMON 

LCD DISPLAY 

1983 

Figure 11: Low Parts Count Ratio Metric 
Resistance Measurement 

ti 9V 

160kH 

v' v-

., 
1N914 VIN 

2okn .., .... 
VjN TSC811 

0.7 %/C ., 
PTC VReF ., 20kH 

VAEF 

COMMON HLDR ~V+ 

Figure 13: Positive Temperature Coefficient Resistor 
Temperature Sensor 

7-52 



~'°' TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC815 
3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH DISPLAY HOLD 

FEATURES 
• Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 
- Two User Selected AC/DC Current Ranges 20 

and 200 mA 
• 22 Operating Ranges 

- 9 DC/AC Voltage 
- 4 AC/DC Current 
- 9 Resistance and Low Power Ohms 

• Display HOLD Function 
• 31/2 Digit Resolution in Auto-Range Mode . . 1/2000 

- Extended Resolution in Manual Mode . . . 1/3000 
• Memory Mode for Relative 

Measurements . . . . . . . . . . . . . . . . . . . . . . ±5% F.S. 
• Internal AC to DC Conversion Op Amp 
• Triplex LCD Drive for Decimal Points, Digits and 

Annunciators 
• Continuity Detection and Piezoelectric Transducer 

Driver 
• Compact Surface Mounted 60-Pin Quad Flat Package 
• Low Drift Internal Reference . . . . . . . 75 ppm/°C 
• 9 V Battery Operation . . . . . . . . . . . . . . . . 10 mW 
• Low Battery Detection and LCD Annunciator 
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GENERAL DESCRIPTION 
The TSC815 is a 3 1/2 digit integrating analog

to-digital converter with triplex LCD display drive and 
automatic ranging. A display hold function is on-chip. 
Input voltage/ohm attenuators ranging from 1 to 
1/10,000 are automatically selected. Five full-scale 
ranges are provided. The CMOS TSC815 contains all 
the logic and analog switches needed to manufacture 
an auto-ranging instrument for ohms and voltage 
measurements. User selected 20 mA and 200 mA 
current ranges are available. ·Fu ii-scale range and 
decimal point LCD annunciators are automatically set 
in auto-range operation. Auto-range operation is avail
able during ohms (high and low powe~ ohms) and 
voltage (AC & DC) measurements. Auto-ranging elimi
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 
costly to design. The auto-range feature may be 
bypassed allowing decimal point seiection and input 
attenuator selection control through a single line input. 
Expensive rotary switches are not required. 

During manual mode operation resolution is 
extended to 3000 counts full-scale. The extended 
range operation is indicated by a flashing 1 MSD. The 
extended resolution is available during 2000 kQ and 
2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading-up to 
±5% offull scale-from subsequent measuremerits. 
Typicai applications involve probe resistance compen
sation for resistance measurements, tolerance measure
ments, and tare weight measurement. 

The TSC815 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
capacitors are required. 

A complete LCD annunciator set describes the 
TSC815 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 
display annunciator. The triplex LCD display drive 
levels may be set and temperature compensation 
applied via the VDISP pin. With HOLD low the display is 
not updated. A HOLD MODE LCD annunciator is 
activated. 

The "low ohms" measurement option allows in 
circuit resistance measurements by preventing semi
conductor junctions from being forward biased. 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO'."OIGITAL CONVERTER 

WITH DISPLAY HOLD 

A continuity buzzer output is activated with 
inputs less than 1% of full-scale. An overrange input 
signal also ena~les the buzzer, except dui'i'ng resistarwe 
measurements, and flashes the MSD display. Featuring 
single9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact surface mounted 60-pin quad flat 
package, the TSC815 is ideal for portable instruments. 

Ordering Information 

Part No. 

TSC815CBQ 

TSC815CSQ 

Package 

60-Pin Plastic Quad 
Flat Package 
Formed Leads 

60-Pin .Plastic Quad 
Flat .Package 
Straight Leads· 

Pin Configuration 

7-54 

CAZ 

CF\ 

ADI 

Temperature 
Range 

o•c to 10°c 

o•c to 10°c 

RMREFL 



PRODUCT INFORMATION 

TSC815 
Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage .......................... V+ to V-

Storage Temperature ................. -65°C to +160°C 

Reference Input Voltage . . . . . . • . . . . . . . . . . . . . . . . V+ to v
Voltage at Pin 43 . . .. .. .. .. .. .. .. . .. .. .. .. . GND ±0.7 V 
Power Dissipation 

Lead Temperature (Soldering, 60 sec.) ........... 300°C 

Plastic Package .. .. .. . . . . . . . . . . . . . . . . . . . . . 800 mW 
Operating Temperature 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 

"C" Devices .......................... 0°c to +70°C 

Electrical Characteristics: Vs= 9 V, TA= 25°C, Figure 1 Test Circuit 

TEST TSC815 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

200 mV Range w/o 10 Mn 
In put Resistor 

-0000 0000 +0000 Digital 

Zero Input Reading 200 mV Range w/10 Mn Input -0001 +0001 Reading 

20 mA and 200 mA Range -0000 0000 +0000 

200 mV Range w/o 10 Mn ±1 Input Resistor 

2 RE Rollover Error 200 mV Range w/10 Mn Input ±3 Count 

20 mA and 200 mA Range ±1 

3 NL Linearity Error Best Case Straight Line ±1 Count 

4 liN Input Leakage Current 10 pA 

5 EN Input Noise BW=0.1to10Hz 20 µVp-p 

6 AC Frequency Response ±1% Error 40 to 500 Hz 
±5% Error 40 to 2000 

7 Open Circuit Voltage Excludes 200 n Range 570 660 mV for OHM Measurements 

8 Open Circuit Voltage Excludes 200 n Range 285 350 mV for LO OHM Measurement 

9 VcoM Analog Common Voltage (V+ -VeoM) 2.5 2.6 3.3 v 

10 Vere 
Common Voltage 50 ppm/°C Temperature Coefficient 

11 Display Multiplex Rate 100 Hz 

20 mA, AC, I, Lown, "RC5'U> 
12 V1L Low Logic Input Range, -MEM, OR'Ms v 

(Relative to DIG GND Pin 56) 

20 mA, AC, I, Low n, HOLD 
13 Logic 1 Pull Up Current Range, -MEM, OHMs 25 µA 

(Relative to DIG GND Pin 56) 

14 Buzzer Drive Frequency 4 kHz 

15 Low Battery Flag Voltage Vee to VssA 6.3 6.6 7.0 v 

16 Operating Supply Current 0.8 1.5 mA 

Note: 
1. 200 n range open circuit voltage approximately 2.8 V. 
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3 1/2 DIGIT AUTO-RAN.GING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 

Pin Description and Function Table 1: 
PINNO. 

(Quad Flat SYMBOL 
Package) 

OHM 

2 20 mA 

3 BUZ 

4 XTAL1 

5 XTAL2 

6 VDISP 

7 BP1 
.8 BP2 

9 BP3 

10 Low O/A 

11 O/V 

12 Kim/HOLD 

13 BCPO 
(Ones digit). 

14 AGDO 

15 FEO 

16 BCP1 

17 AGD1 

18 FE1 

19 BCP2 

20 AGD2 

21 FE2 

22 BCP3 

23 AC/-/ AUTO 

24 -MEM/BATT 
mode. 

25 VSSD 

26 vcc 
27 COM 

28 RMREFH 

29 RMREFL 

30 CREFL 

31 CREFH 

32 REFHI 

33 !lR1 

34 !lR2 

DESCRIPTION 

Logic Input. "O" (Digital Ground) for resistance measurement. 

Logic Input. "O" (Digital Ground) for 20 mA full-scale current measurement 

Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non
continuous 4 kHz signal is output tq indicate an input overrange during voltage or current 
measurements. 

32.768 kHz Crystal Connection. 

32.768 kHz Crystal Connection. 

Sets peak LCD drive signal: VP= VCC-VDISP. VDISP may also bEl. used to compensate fo( 
temperature variation of LCD crystal t.hreshold voltage. 

LCD Backplane #1. 

LCD Backplane #2, 

LCD Backplane #3. 

LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 

LCD Annunciator segment drive for resistance measurement and voltage measurement. 

LCD Annunciator segment drive fork ("kiJo-ohms"), m ("mil Ii-amps" and"milli-volts") and HOLD 
mode. 

LCD segment drive for "b," "c ... segments and decimal point.of least significant digit (LSD). 

LCD segment drive for "a," "g," "d" segments of LSD. 

LCD segment drive for "f" and "e" segments of LSD. 

LCD segment drive for "b,". "c" segments and decimal point of 2nd LSD. 

LCD segment drive for "a," "g," "d" segments of 2nd LSD (Ten's digit). 

LCD segment drive for "f," and "e" segments of 2nd LSD. 

LCD segment drive for "b," "c," and decimal point of 3rd LSD. (Hundreds digit). 

LCD segment drive for "a," "g," "d" segments of 3rd LSD. 

LCD segment drive for "b" and "c" segments of 3rd LSD. 

LCD segment drive for "b," "c" segments and decimal point of MSD' (Thousand's digit). 

LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 

LCD annunciator drive signal for low battery indication and memory (relative measurement) 

Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 

Positive battery supply·connection. 

Analog circuit ground reference point. Nominally 2.6 V below VCC. 

Ratiometric (Resistance measurement) reference high voltage. 

Ratiometric (Resistance measurement) reference low voltage. 

Reference capacitor negative terminal CREF = 0.1 µf. 

Reference capacitor positive tElrminal CREF = 0.1 µf. 

Reference voltage for voltage and current measur.ement .. Nominally 163.85 mV. 

Standard resistor connection for 200 n full-scale. 

Standard resistor connection for 2000 !l full-scale. 
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TSC815 
Pin Description and Function Table 1: 

PIN NO. 
(Quad Flat SYMBOL DESCRIPTION 
Package) 

35 nR3 Standard resistor connection for 20 kn full-scale range. 
~~~~~~~~~~~~~~~~~ 

36 nR4 

37 nR5 

38 VR3 

39 VR2 

40 VR5 

41 VR4 

42 V1 

43 11 

44 ACVL 

45 Cl 

46 CAZ 

47 Rx 

48 CFI 

49 ADI 

50 ADO 

51 R!1BUF 

52 RVIBUF 

53 ACVH 

54 VSSA 

55 DIG GND 

56 RANGE 

57 HOLD 

58 MEM 

59 DC/AC, 
n/LOW n 

60 

Standard resistor connection for 200 kn full-scale range. 

Standard resistor connection for 2000 kn full-scale range. 

Voltage measurement+ 100 attenuator. 

Voltage measurement + 10 attenuator. 

Voltage measurement+ 10,000 attenuator. 

Voltage measurement+ 1000 attenuator. 

Unknown voltage input + 1 attenuator. 

Unknown current input. 

Low output of AC to DC converter. 

Integrator capacitor connection. Nominally 0.1 µf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

Auto-zero capacitor connection. Nominally 0.1 µf. 

Unknown resistance input. 

Input filter connection. 

Negative input of internal AC to DC operational amplifier. 

Output of internal AC to DC operational amplifier. 

Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 kn. 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 kn. 

Positive output of AC to DC converter. 

Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 

Internal logic digital ground. The logic "O" level. Nominally 4.7 V below VCC. 

Input to set manual operation and change ranges. 

Input to hold display. connect to DIG GND. 

Input to enter memory measurement mode for relative measurements. The two LSD's are stored 
and subtracted from future measurements. 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

Input to select current measurement. Set to logic "O" (Digital ground) for current measurement. 
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TSC815 

¢ I r-----------------------------------------------------, 

OHMS 
INPUT 

CURRENT 

I~ GA 
200mA 

VOLTAGE 
INPUT 

COMMON 

0.1 µf 

R7/100kU nRx 47 

R6/100kn RMREFL 29 

R5/1,6385Mn nR5 37 

R4/163.85kn .rrn4 36 

R3/163B5n .rrn3 JS 

flRz 34 

""1 33 ] 

11 43 

R13/500kn * I 
I 
I 
I 
I 
I 

R12/1.111M.11 VR2 39 : 

R11/101kH VR3 381 
R10/10kn VR4 41 I 

R9/1kn 40 l 
I 

Sl 

V· 
1/10k 

SB S9 

S2 

S3 

S4 

SS 

AC TO DC 
I CONVERTER OP AMP 
I 

ADO 50 I 

*NOT REQUIRED WHEN RESISTOR NETWORK IS USED. 
SEE PAGE - 18 FOR DETAILS. 

Figure 2: TSC815 Analog Section 
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Resistance, Voltage, Current 
Measurement Selection 
The TSC815 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol
tage measurements. The OHMS (Pin 1) andl(Pin 60) input 
controls are normally pulled internally to Vee. 

By tying these pins to Digital Ground (Pin 56), the TSC815 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 

Table 2: TSC815 Measurement Selection Logic 
Function Select Pin 

OHM (Pin 1) I (Pin 60) 

0 0 
0 

0 

0 = Digital Ground 

1 = Floating or Tied to Vee 

Notes: 

Selected Measurement 

Voltage 

Resistance 

Current 

Voltage 

1. OHM & I are normally pulled internally high to VCC (Pin 
26). 
This is considered a logic "1." 

2. Logic "O" is the potential at digital ground (Pin 55). 

Resistance Measurements -
OHMS & Low Power OHMS 
The TSC815 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. The TSC815 
low power ohms measurement mode limits the probe open 
circuit voltage. This prevents semiconductor junctions in the 
measured system from turning on. 

In the resistance measurement mode the !1/LOWll (Pin 59) 
input selects the low power ohms measurement mode. For 
low power ohms measurements !1/LOW!1 (Pin 59) is momen
tarily brought low to digital ground potential. The TSC815 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOWll, will be activated. On power up the low power ohms 
mode is net active. 

If the manual operating mode has been selected, toggling 
O/LOW!l will reset the TSC815 back to the auto-range mode. 
In manual mode, the decision to make a normal or low power 
ohms measurement should be made before selecting the 
desired range. 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 

The low power ohms measurement is not available on the 
100 !1 full-scale range. Open circuit voltage on this range is 
below 2.8 V. 

The standard resistance values are listed in Table 3. 

Table 3: Ohms Range Ladder Network 
Full-Scale Standard Low Power 
Range Resistance Ohms Mode 

200 n 163.85 ll (R1) NO 

2000 n 1638.5 ll (R2) YES 

20 k!l 16,358 ll (R3) YES 

200 kll 163850 ll (R4) YES 

2,000 kll 1,638,500 ll (R5) YES 

7-60 

N/A =Not available. 

RB, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection during 
ohms measurements. 

Ratiometric Resistance Measurements 
The TSC815 measures resistance ratiometrically. Accuracy is 
set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 ll full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This allows 
accurate "in-circuit" measurements when a resistor is shunted 
by semiconductor junctions. 

Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. 

Figure 3 shows a detailed block diagram of the TSC815 con
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 

Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. 

Table 4: Reference Resistors 
Full-Scale Reference !l/COUNT Range Resistor 

200 163.85 0.1 

2 k 1638.5 1 

20 k 16385 10 

200 k 163850 100 

2M 1638500 1000 
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RS/1638500 n 
37 S29 

R4/163850 n 
36 S30 

R3/16385 n 
35 S31 

34 S32 

S33 

710k 71k -:-100 +10 c1 
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DE 

..... --~>/lll,-..::.:_t-----'S'-"12'-<:>' Q---<Y"C S13 
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9V 
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28 54 VSSA 

10ki2 
26 

28 

32 

27 
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s31 n S35 
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vcc 
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24 k.11 

REFHI 
5 kH 

ANALOG 
COMMON 

S34 0-ll--+--. 

51 52 45 
RD.BUF 

Figure 3: Ratiometric Resistance Measurement Functional Diagram 

Voltage Measurement 
Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal VI (Pin 42) for full-scale vol
tages from 200 mV to 2000 V. 

For applications which do not require a 10 mil input impe
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 

Current Measurement 
The TSC815 measures current only under manual range 
operation. The two user selectable full-scale ranges are: 
20 mA and 200 mA Select the current measurement mode by 
holding the I input (Pin 60) low at digital ground potential. 

7-61 

The OHM input (Pin 1) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 20 mA full-scale range is 
selected by connecting the 20 mA input (Pin 2) to digital 
ground. If left floating the 200 mA full-scale range is selected. 

External current to voltage conversion resistors are used at 
the 11 input (Pin 43). For 20 mA measurements a 10 n resistor 
is used. the 200 mA range needs a 1 n resistor. Full-scale is 
200 mV. 

PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 trace resistance will cause a 5% current to 
voltage conversion error at Ir (Pin 43). 

The extended resolution measurement option operates during 
current measurements. 

To minimize rollover error the potential difference between 
analog common (Pin 27) and system common must be 
minimized. 
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3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 

Example: 200 k!l Full-Scale Measurement 

VA=\ 0.64 V For OHMS / 
/ 0.32 V For LO OHMS j 

+ l VR 

-~lV'OO>tlk<,...-'~ VR 

RS 
163.85 kil CREF 

220ll 

-----vx 

UNKNOWN RX 

TO ANALOG 
BUFFER 

(a) 

(b) 

(c) 

VR = __ 1_6_3_.8_5_k_l_l __ x 0.64 
163.85 + 220 + RX 

RX 
VX = 163.85 k!l + 220 ll +RX x 0·54 

+RX 

"Ramp Up Voltage" = "Ramp Down Voltage" 

·· VX X T1 = ~ ToE 
R1C1 R1C1 

Where: 
R1 = Integrating Resistor, T1 = Integrate Time 
C1 = Integrating Capacitor,ToE = Deintegrate Time 

(d) RX=163.85( T~~ ) 

Independent of R1, C1 or Internal Voltage Reference 

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor 

SIGNAL REFERENCE .._~ TSC815 INTEGRATE DEINTEGRATE 
PHASE PHASE 

......_..AUTO-ZERO-~ --------....1~ _.......NEXT CONVERSION 
PHASE AUTO-ZERO CYCLE 

· ·EXTENDED 

TIME 1638.5 T p 3000.0 T p 

RESOLUTION 

ZERO 
CROSSING 

1/ 
MIN. AUTO-ZERO I FIXED .. MAX. 

~3361.5 Tp _____.._ ~ Ti--- ----Toe~ ·~A~~J~:~N~o;:~~~ON 
I ""TO INPUT MINIMUM AUTO-ZERO TIME 

SIGNAL IS 4361,5 T p 
1-------TcONV = 8000 T p ________. 

Figure 5: Basic TSC815 Conversion Timing 

Measurement Options 
AC to DC Measurements 
In voltage and current measurements the TSC815 can be 
configured for AC measurements. An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 

When power is first applied the TSC815 enters the DC mea
surement mode. For AC measuremehts (current or voltage), 
AC/DC (Pin 59) is momentarily brought low to digital ground 
potential; the TSC815 sets~up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
AC/DC low again will return the TSC815 to DC operation. 

If the manual operating mode has been selected toggling 
AC/DC will reset the TSC815 back to the auto-range mode: In 
manual mode operation AC or DG operation should be 
selected first and then the desired range selected. 

External Crystal= 32.768 kHz 
Internal Clock Period= Tp = 2/32.768 = 61.04 µs 

Total Conversion Time= TcoNv = 8000 (TP) 

= 488.3 ms~ 2 CONV/SEC 

Integration Time= T1 = 1638.5 (TP) = 100.0 ms 

Maximum Reference Deintegrate Time 

= ToE = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (TP) = 122.1 ms (Auto-Range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) (TP) = 205.1 ms (Manual, Extended 
Resolution) 

= (8000-2000-1638.5) (TPI = 266.2 ms (Auto-Range) 
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reference deintegrate - requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 

The integration time is fixed at 1638.5 clock periods or 100 
ms. This gives rejection of 50/60 Hz AC line noise. 

The maximum reference deintegrate time, representing a full
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto
zero phase. An auto-ranging or manual conversion takes 
8000 clock periods. After a zero crossing is detected in the 
reference deintegrate mode, the auto-zero phase is entered. 

Figure 5 shows the basic TSC815 timing relationships. 

Manual Range Selection 
The TSC815 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 56) to 
digital ground potential (Pin 55). When the change from 
auto-to-manual ranging occurs the first manual range se
lected is the last range in the auto-ranging mode. 

The TSC815 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC815 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, !l/LO ll) changes. This 

Table 5: Manual Range Operation 

INPUT DC VOLTS AC VOLTS 

23.5 v 18.2 v 

TSC815 
causes the TSC815 to return to auto-ranging operation. 

The "Auto" LCD annunciator driver is active only in the auto
range mode. 

Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu
tion display format. 

Extended Resolution Manual Operation 
The TSC815 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kll and 2000 V ranges during auto-range 
operation. 

In the extended resolution operating mode readings above 
1999 are displayed with a blinking "1" most significant digit. 
The blinking "1" should be interpreted as the digit 2. The 
three least significant digits display data normally. 

An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display "000". The buzzer output is enabled for input voltage 
and current signals with readings greaterthan 2000 counts in 
both manual and auto-range operation. 

For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 

OHM LO OHM 

18.2 kn 2.35 Mn 

RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

POWER-ON 200 mv ''1"00.0 mV 2V "1".000 v 200 n "1"00.0 n 2kn "1".ooo kn 

AUTO-RANGE 2V "1".000 v 20 v 18.20 v 2 kn "1".ooo kn 10 kn "1"o.oo kn 

OPERATION 20 v "1"0.00 v 20 kn 18.20 k!l 200 kn "1"00.0 kn 

200 v 23.5 v 2000 kn "1"350 kn 

# of RANGE CHANGES l...J 
L__J RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

1 200 v 23.5 v 20 v 18.20 v 20 kn 18.20 kn 2000 kn "1"350 kn 
0 2 200 mV "1"00.0 mV 2V "1".000 v 200 n "1"00.0 n 2kn "1".ooo kn 

M p 

A E 3 2V 1.000 v 20 v 18.20 v 2 k!l "1".ooo kn 20 kn "1"0.00 kfl 
N R 
u A 4 20 v "1"3.50 v 200 v 18.2 v 20 kn 18.20 kn 200 kfl "1"00.0 kfl 

A T 5 200 v 23.5 v 600 v 19 v 200 kn 18.2 kfl 2000 kfl "1"350 kn 
L I 

0 6 1000 v 24 v 2V 
N 

"1".000 v 2000 kn 19 kn 2kn "1".000 kn 

7 200 mV "1"00.0 mV 20 v 18.20 v 200 n "1'"0o.o n 20 kn "1"0.00 kn 

8 2V "1".000 v 200 v 18.2 v 2 kn "1".ooo kn 200 kn "1"00.0 kfl 

Notes: 
1. A flashing MSD is shown as a "1" A flashing MSD indicates the TSC815 1s 

over-ranged if all other digits are zero 

3. A flashing MSD with a non-zero display indicates the TSC815 has entered 
the extended resolution operating mode. An additional 1000 counts of reso
lution 1s available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 2. The first manual range selected is the last range in the auto-ranging mode. 

4. -i___r- = momentary ground connection. 
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CONTINUITY 
INDICATOR 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

CONTINUOUS 4 kHz 
BUZZER 

MANUAL 
RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

OVER-RANGE 
INDICATOR 

DISPLAY 
"1" 000 

=>FLASHING MSD 

DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 

EXTENDED 
RESOLUTION 
FEATURE 

*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2.Mn <RX <2.999 Mn 

Figure 6: Manual Range Selection; 
Resistance Measurement 

RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

YES 

NON-CONTINUOUS 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

OVER-RANGE INDICATOR 

DISPLAY 
"1" 000 

"1" FLASHING MSD 

YES DISPLAY LAST 
>----+_,.-! 3 DIGITS 

AND FLASH MSD 

Figure 7: Manual Range Selection; 
Current Measurement 

-MEM Operating Mode 
Bringing MEM (Pin 58) momentarily low configures the 
TSC815 "-MEM" operating mode. The -MEM LCD Annun
ciator becomes active. In this operating mode subsequent 
measurements are made relative to the last two digits (<::99) 
displayed at the time MEM is low. This represents 5% of full
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 
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3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 

RANGE 
SELECT 

YES 

..,""'TSC815 

OUTPUT NON
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 

• OVER-RANGE INDICATOR 

' DISPLAY 
"1" 000 

"1"" >FLASHING MSD 

DISPLAY LAST 
>------~-I 3 DIGITS AND 

FLASH MSO 

EXTENDED RESOLUTION 
FEATURE 

DISPLAY 
TRUE 
READING 

Figure 8: Manual Range Selection; 
Voltage Measurement 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri (N) = 18.21 k!l (20 kll Range)=> Display 18.21 kll 
MEM L_J = > Store 0.21 kll 

Ri (N+1) = 19.87 k!l (20 k!l Range) 
= > Display 19.87 - 0.21 = 19.66 k!l 

Ri (N+2) = 22.65 kll (200 k!l Range) 
=>Display 22.7 k!l & MEM Disappears 

Example 2: In Fixed Range 200.0 !l Full-Scale 

Ri (N) = 18.2 n =>Display 18.2 n 
MEM l-J = > Store 8.2 !l 

Ri (N+1) = 36.7 !l 
= > Display 36.7 - 8.2 = 28.5 n 

Ri (N+2) = 5.8 !l 
= > Display 5 .. 8 - 8.2 = -2.4 n· 

• Will display minus resistance if following input is less than 
offset stored at fixed range 

Example 3: In Fixed Range 20.00 V Full-Scale 

Vi (N) = 0.51 V =>Display 0.51 V 
MEM -U- = > Store 0.51 V 

Vi (N+1) = 3.68 V 
= > Display 3.68 - 0.51 = 3.17 V 

Vi (N+2) = 0.23 V 
= > Display 0.23 - 0.51 = -0.28 V 

Vi (N+3) = -5.21 V 
= > Display -5.21 - 0.51 = -5.72 v 
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On Power up the TSC815 "-MEM" mode is not active. Once 
the "-MEM" is entered bringing MEM low again it returns the 
TSC815 to normal operation. 

The "-MEM" mode is also cancelled whenever the measure
ment type (resistance, voltage, current, AC/DC,n/LO !l) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 

In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
"-MEM" mode is cancelled. The LCD annunciator is turned 
off. 

The "-MEM" operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 

Automatic Range Selection Operation 
When power is first applied the TSC815 enters the auto
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance or voltage) or by changing the measurement 
option {AC/DC, !l/LO!l). 

The automatic voltage range selection begins on the most 
sensitive scale first 200 mV for DC or 2.000 V for AC mea
surements. The voltage range selection flow chart is given in 
Figure 9. 

Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 54) clamp the input voltage. The external 10 M!l input 
resistance (See Figure 1, R14and R13) limits current safely in 
an overrange condition. 

The voltage range selection is designed to maximize resolu
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 

An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 

During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso
lution operating mode discussion). 

The resistance automatic range selection procedure is shown 
in Figure 10. The 200 n range is the first range selected unless 
the TSC815 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 k!l. 

The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation a 
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange 
input does not activate the buzzer. 
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TSC815 
Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
"000." 

The extended resolution feature operates only on the 2000 k!l 
and 2000 V full-scale range during auto-range operation. A 
blinking "1" most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 

YES 

DISPLAY "1" 000 
FLASH MSD 

~TSC815 

N = O: 200.0 mV FULL-SCALE RANGE 
N = 1; 2.000 V FULL-SCALE RANGE 

N= NK 
(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

EXTENDED 
RESOLUTION 

OVER-RANGE 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 9: Auto-Range Operation; 
Voltage Measurement 
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"W"TSC815 

N"' O; 200.0 fJ. FULL-SCALE RANGE 
N"' 1; 2.000 kn FULL-SCALE.RANGE 

{REMAIN IN RANGE.SELECTED 
DURING THE K th CONVERSION) 

3 1/2 DIGIT AUTO-RANG.ING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 

low Battery Detection Circuit 
The TSC815 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 

The low battery detector is shown in Figure 11.The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. 

Triplex liquid Crystal Drive 
The TSC815 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC815. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu
facturers. 

The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. 

If VDISP, for example, is set at a potential 3 V below VCC the 
K 0 «1 peak drive signal is: 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 10: Auto-Range Operation; 
Resistance Measurement 

vcc..,._,,_... ___ ~ 
LOW BATTERY DETECTOR 

OVER 
RANGE 

DISPLAY 
"1" 000 

FLASH MSD 

TO LCD 

>---;- ~~~E~~?~~TOR 
LOGIC 

LOW BATTERY ANNUNCIATOR DISPLAYED FOR VsuPPLY <7 v 

Figure 11: Low Battery Detector 

Vp = VCC-VDISP = 3 V 

An "OFF" LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An "ON" segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 

Since the VDISP pin is available the user may adjust the "ON" 
and "OFF" LCD levels for various manufacturer's displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 

~~lPLEX f VH 
SEGMENT 
DRIVE 
LOGIC 

VL 

~~TSC815 

vcc 

26 

50 k 

50 k 

50 k 

'----.-,-=---ovo1sP 

---------r,._~~~~~~~ 

Vp"' VCC - VDISP 

"OFF" "' Vp/3 RMS 

"ON" = V11 Vp RMS 
av3 

Figure 12: 1/3 Bias LCD Drive 
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"OFF" segments may become visible at high LCD operating 
tern peratures. A voltage with a -5 to -20 mV /° C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 

The TSCB15 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe
dance is approximately 150 kll. This drive method is 
commonly known as 1/3 bias. With VD1sP connected to digital 
ground Vp= 5.0 V. 

The intermediate levels are needed so thafdrive signals 
giving RMS "ON" and "OFF" levels can be generated. Figure 
13 shows a typical drive signal and the resulting wave forms 
for "ON" and "OFF" RMS voltage levels across a selected 
LCD element. 

LCD Displays 
Although most users will design their own custom LCD 
display, several manufacturers offer standard displays for the 
TSCB15. Figure 14 shows a typical display available from 
Varitronix. 
1. Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 

Part No.: VIM 310-1 Pin Connector 
VIM 310-2 Elastomer Connector 

USA Office: 
VL Electronics Inc. 
3161 Los Feliz Blvd. 
Suite 303 
Los Angeles, CA 90039 
Tel: (213) 661-8883 
TELEX: 821554 

2. Adamant Kogyo Co., LTD. 
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 

BACKPLANES 

BP1 

~ 
BP2 J 

l 

FE AGO BCP 

TSC815 
External Crystal 
The TSCB15 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 µs 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (= 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 

The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 

Several crystal sources exists. A partial listing is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

• International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XT AL HX 
Tel: 3-3501151 

Contact manufacturer for full specifications. 

SEGMENTS 

a (FE-BP1) 
"ON" 

b (BCP-BPl) 
"ON" 

c {BCP-BP2l 
"ON" 

d (AGD-BP3) 
"ON" 

e (FE-BP2) 
"OFF" 

f (FE-BPl) 
"OFF" 

g (AGD-BP2) 
"ON" 

SEGMENTS 

APPLIED 
AMS VOLTAGE 

Waveforms to Generate 3 
Figure 13: Triplex LCD Drive Waveforms 
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Figure 14: Typical LCD Display Configuration 
TSC815 Triplex 

"Buzzer" Drive Signal 
The TSC815 BUZ output (Pin 3) will drive a piezoelectric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement a reading less than 19 on 
any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 

A voltage or current input measurement overrange is indi
cated by a non-continuous 4 kHz signal .at the BUZ output. 
The LCD display MSD also flashes and thethree least signifi
cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto
range operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 55). The signal is at VCC when not active. 

The buz output is also activated for 15 ms whenever a range 
change is made in auto-range or manual operation. Changing 
the type of measurement (voltage, current, or resistance) or 
measurement option (AC/DC, O/LO!l) will also activate the 
buzzer output for 15 ms. A range change during a current 
measurement will not activate the buzzer output. 
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~ 1-1.1 

PAD BP1 BP2 BP3 PAD COM1 COM2 COM3 

1 BP1 I I 19 I I I 

2 I BP2 / 20 I I I 

3 / / BP3 21 / / I 

4 I LOU A 22 / I I 

5 I n v 23 I I I 

6 HOLD k m 24 / I I 

7 b1 o1 I 25 I I I 

8 •1 g1 d1 28 I / I 

9 f1 •1 I 27 / I I 

10 b2 o2 P2 28 I I I 

11 '2 g2 d2 29 I I I 

12 f2 •2 I 30 I I I 

13 b3 o3 P3 31 I I I 

14 •3 g3 d3 32 I I / 

15 f3 •3 I 33 I I I 

16 b4 o4 P4 34 I I I 

17 AC = AUTO 35 I I I 

18 ~ -MEM I 36 I I I 
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TSC815 

vcc 

DIGITAL 
GROUND 

Non-Continuous Buzzer Signal Indicates Input Overrange 

POWER UP I v 1N=250mV 

t 4000 8000 12000 

: t-1 f-J t 
I I 1000 CLOCK PULSES I 
I I I 
I I I 

CHANGE 
RANGE 

t' I 
CHANGE 
RANGE 

t 1 
I 

CHANGE 
RANGE 

f I 
I 

CHANGE INPUT 
V1N"3.2V 

( 

INTEGRATE : I --j I--

I : ~~B~; CP 

~~~~~;L DEINTEGRATE I:: : n ... _'-1 ---"----'---J'-----'-----'nL-'---.....JL __ ....;... __ _,ll_: 
'-! ~: 250 CP 250 CP 2500 CP 250 CP 3000 CP : 

122ms I r 

AUTO-ZERO : 2000 CP : I : 

I I 1 
I I I 

I I I 
1 I I 

------AUTO-RANGING ____.j MANUAL RANGE---~-----' 

200 mV RANGE i 2.000 V RANGE : 2.000 V RANGE I 200 mV RANGE : 2.000 V RANGE 2.000 V RANGE 
OVEAAANGE IN-RANGE I IN-RANGE I EXTENDED RANGE: IN-RANGE OUT-OF-RANGE 

I I I 

(r~~ 3) 1'-----,,,,,.,.,,,.--...,.,.,.,,.,,,.-------,ic:~----,,r-:-----~r-;-,.,,.,,.,,~-,.,.,.,,,,,r------'--~,.,.,.,,,,. 
I I I 

1 4kHz 4kHz ---H+•- 15ms 15msl 15ms1 4kHi 4kHzl I I 
1----0NEC~CLEOF~ ~~~ci~~HAANNUG~L 1DUETO ~~~J~: h22m1h22mJ122ms~610ms+----
I OVEARANGE BUZZER I :~~~~~E CHANGE1 ~ I I BUZZER 

I BUZZER AC~IVATED DUE I I BUZZER ACTIVATED DUE To l ~~~l~~TED 
TO POWER UP PREVIOUS CONVERSION OVER RANGE PREVIOUS 

Figure 15: TSC815 Timing Waveform for Buzzer Output 

CONVERSION 
OVERRANGE 

Display Decimal Point Selection 

Vendors for piezoelectric audio transducers are: 

1. Gui ton Industries 

The TSC815 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 

Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical P/N's: 102-95NS, 101-FB-OO 

2. Taiyo Yuden (USA) Inc, 
Arlington Center 
714 West Algonquin Road 
Arlington Hts., Ill. 60005 
Typical P/N's: CB27BB, CB20BB, CB355BB 
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Table 6: Decimal Point Selection 

• 9 
Full-Scale Range DP3 

2000 V, 2000 kn OFF 

200.0 V, 200.0 kn OFF 

20.00 V, 20.00 k!l OFF 

2.000 V, 2.000 k!l ON 

200.0 mV, 200.0 n OFF 

20.00 mA OFF 

200.0 mA OFF 

• 9 • 9 
DP2 DP1 

OFF OFF 

OFF ON 

ON OFF 

OFF OFF 

OFF ON 

ON OFF 

OFF ON 
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AC to DC Converter Operational Amplifier 
The TSC815 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac
teristics are: 

• Slew Rate: 1 VI µs 
• Unity Gain Bandwidth: 0.4 MHz 
• Open Loop Gain: 44 dB 
• Output Voltage Swing (Load = 1 O kll) ±1.5 V 

(Reference to Analog Common) 

When the AC measurement option is selected the input 
buffer receives an input signal through switch S14 rather 
than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func
tions within the constraints of the internal operational ampli
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 

Component Selection 
Integration Resistor Selection 
The TSC815 automatically selects one of two external inte
gration resistors. RVIBUF (Pin 52) is selected for voltage and 
current measurement. RllBUF (Pin 51) is selected for resis
tance measurements. 

RVIBUF Selection (PIN 52) 

In auto-range operation the TSC815 operates with a 200 mV 
maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38). VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. 

In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 

The integrator output swing should be maximized but satu
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 54) without 
saturating. A ±2 V swing is suggested. The value of RVIBUF is 
easily calculated assuming a worst case extended resolution 
input signal: 

VINT 

T1 

Integrator Swing = ±2 V 

Integration Time= 100 ms 

C1 Integration Capacitor= 0.1 µf 

VMAX Maximum Input at V1 = 300 mV 

RVIBUF VMAX(T1) = 150 kll 
V1NT (C1) 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH DISPLAY HOLD 
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ROBUF Selection (Pin 51) 

In ratiometric resistance measurements the signal at Rx (Pin 
47) is always positive with respect to analog common. The 
integrator swings negative. 

The worst case integrator swing is for the 200 n range with 
the manual, extended resolution option. 

The input voltage VX (Pin 47) is easily calculated (Figure 16). 

VANCOM 

Ra 

Ri 

Rx 

Rs 

RllBUF 

Potential at Analog Common= 2.7 V 

220 n 
163.85 n 
300 n 
Internal Switch 33 Resistance = 600 fl 

_(v_c_c_-_v_A_N_c_o_M_)_R_x_ = o.63 v 

(Rx + Rs + Ri + Ra) 

For a 3.1 V integrator swing the value of RflBUF is easily 
calculated: 

VINT 

T1 

C1 

Rx Max 

Vx Max 

RflBUF 

Integrator Swing = 3.1 V 

Integration Time= 100 ms 

Integration Cap. = 0.1 µf 

300 n 
700 mV 

_(V_x_M_A_X_) _(T_1) __ = 220 kll 

C1 (VINT) 

Vcc"'9V 

R1 163.BSil 

Rs 22on 

r---vx 

Ax 300Il 

'7 ANALOG COMMON .,; Vee - 3 v 

Figure 16: R.OBUF Calculation (200 n Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward 
the negative supply a 3.1 V swing will set the integrator output 
to 0.5 V above the negative supply. 

CINT, CAZ and CREF Capacitors 
The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

Reference Voltage Adjustment 
The TSC815 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab
lished by this reference. Maximum drift is a low 75 ppm/°C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the 
TS08l' reference input voltage (REFHI, Pin 32) to approxi
mately 163.85 mV. 

With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 

Display Hold Feature 
The LCD display will not be updated when HOLD (Pin 57) is 
connected to Ground (Pin 55). Conversions are made but the 
display is not updated. A HOLD Mode LCD annunciator is 
activated when HOLD is low. 

the LCD HOLD annunciator is activated through the triplex 
LCD driver signal at Pin 12. 

Package Outline 

TSC815 

Flat Package Socket 
Sockets suitable for prototype work are available. 
A USA source is: 
Nepenthe Distribution 
2471 East Bayshore 
Suite 520 
Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 

(a) "BQ" Socket Part No.: IC51-064-042 BQ 

(b) "SQ" Socket Part No.: IC51-064-042 SQ 

Resistive Ladder Networks 
Resistor attenuator networks for voltage and resistance 
measurement are available from: 

Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 

Attenuator Attenuator 
Accuracy Type 

0.1% Voltage 

0.25% Voltage 

0.25% Resistance 

Caddock 
Part Number 

1776-C441 

1776-C44 

T 1794-204-1 

60-Pln Plastic Flat Package 

"BQ" Package - Formed Leads 

(Package #21) 
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PIN 1 INDICATION 
DIMPLE OR BUTTON 

1 
~~ ±.006 
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.-,.-. TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC816 
3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH 2mA CURRENT RANGE 

• 

FEATURES 
• Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 
- Three User Selected AC/DC Current Ranges 2, 20 

and 200 mA 
• Display HOLD Function 
• 24 Operating Ranges 

- 9 DC/AC Voltage 
- 6 AC/DC Current 
- 9 Resistance and Low Power Ohms 

• 31/2 Digit Resolution in Auto-Range Mode .. 1/2000 
- Extended Resolution in Manual Mode ... 1/3000 

• Memory Mode for Relative 
Measurements . . . . . . . . . . . . . . . . . . . . . . ±5% F.S. 

• Internal AC to DC Conversion Op Amp 
• Triplex LCD Drive for Decimal Points, Digits and 

Annunciators 
• Continuity Detection and Piezoelectric Transducer 

Driver 
• Low Drift Internal Reference . . . . . . . 75 ppm/°C 
• 9 V Battery Operation .. .. .. .. .. .. .. .. 10 mW 
• Low Battery Detection and LCD Annunciator 
• Compact 68-Pin Plastic Leaded Chip Carrier 
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GENERAL DESCRIPTION 
The TSC816 is a 31/2 digit integrating analog

to-digital converter with triplex LCD display drive and 
automatic ranging. A display hold function is on-chip. 
Input voltage/ohm attenuators ranging from 1 to 
1/10,000 are automatically selected. Five full-scale 
ranges are provided. The CMOS TSC816 contains all 
the logic and analog switches needed to manufacture 
an auto-ranging instrument for ohms and voltage 
measurements. User selected 2 mA, 20 mA and 200 mA 
current ranges are available. Full-scale range and 
decimal point LCD annunciators are automatically set 
in auto-range operation. Auto-range operation is avail
able during ohms (high and low power ohms) and 
voltage (AC & DC) measurements. Auto-ranging elimi
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 
costly to design. The auto-range feature may be 
bypassed allowing decimal point selection and input 
attenuator selection control through a single line input. 
Expensive rotary switches are not required. 

During manual mode operation resolution is 
extended to 3000 counts full-scale. The extended 
range operation is indicated by a flashing 1 MSD. The 
extended resolution is available during 2000 kn and 
2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading-up to 
±5% of full scale-from subsequent measurements. 
Typical applications involve probe resistance compen
sation for resistance measurements, tolerance measure
ments, and tare weight measurement. 

The TSC816 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
capacitors are required. 

A complete LCD annunciator set describes the 
TSC816 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 
display annunciator. The triplex LCD display drive 
levels may be set and temperature compensation 
applied via the V01sp pin. With HOLD low the display is 
not updated. A HOLD MODE LCD annunciator is 
activated. 

The "low ohms" measurement option allows 
in-circuit resistance measurements by preventing 
semiconductor junctions from being forward biased. 

3 1/2 DIGIT AUTO~RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

A continuity buzzer output is activated with 
inputs less than 1% of full-scale. An overrange input 
signal also enables the buzzer, except during re::;istance 
measurements, and flashes the MSD display. Featuring 
single 9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact 68-pin plastic leaded chip carrier 
the TSC816 is a complete measurement system on a 
single chip. 

Ordering Information 

Part No. Package 

TSC816CLS 68-Pin Plastic 
Leaded Chip Carrier 

Pin Configuration 

0 
0 

~ :; ltl 
(.) 0 u - a: a: a: a: u (I'. 
Zu<i:-->>>>>Z~ 

TSC816 

31/2 DIGIT AUTO-RANGING ADC WITH 

Temperature 
Range 

0°c to 70°C 

2/20/200 mA CURRENT RANGES AND DISPLAY HOLD 17 AC/-/AUTO 
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68-PlN PLASTIC LEADED 
CHIP CARRIER {PLCC) 

NC~ NO INTERNAL CONNECTION 



PRODUCT INFORMATION 

TSC816 
Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . V+ to V
Reference Input Voltage . . . . . . . . . . . . . . . . . . . . . . . V+ to V
Voltage at Pin 43 . . . . . . . . . . . . . . . . . . . . . . . . . . GND ±0.7 V 
Power Dissipation 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec.) ........... 300° C 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 
Operating Temperature 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 

"C" Devices . . . . . . . . . . . . . . . . . . . . . . . . . . 0° C to + 70° C 

Electrical Characteristics: Vs= s v, TA= 25°c. Figure 1 Test Circuit 

TEST 
NO. SYMBOL PARAMETER CONDITIONS 

Zero Input Reading 

2 RE Rollover Error 

3 NL Linearity Error 

4 ltN Input Leakage Current 

5 EN Input Noise 

6 AC Frequency Response 

7 Open Circuit Voltage 
for OHM Measurements 

8 Open Circuit Voltage 
for LO OHM Measurement 

9 VeoM Analog Common Voltage 

10 VeTC 
Common Voltage 
Temperature Coefficient 

11 Display Multiplex Rate 

12 VtL Low Logic Input 

13 Logic 1 Pull Up Current 

14 Buzzer Drive Frequency 

15 Low Battery Flag Voltage 

16 Operating Supply Current 

Note: 
1. 200 n range open circuit voltage approximately 2.8 V. 

200 mV Range w/o 10 MO 
Input Resistor 

200 mV Range w/10 MO Input 

2 mA, 20 mA and 200 mA Range 

200 mV Range w/o 10 MO 
Input Resistor 

200 mV Range w/10 MO Input 

2 mA, 20 mA and 200 mA Range 

Best Case Straight Line 

BW = 0.1 to 10 Hz 

±1% Error 

±5% Error 

Excludes 200 0 Range 

Excludes 200 !l Range 

20 mA, AC, I, Low 0, HOLD 
Range, -MEM, OHMs, 2 mA 
(Relative to DIG GND Pin 54) 

20 mA, AC, I, Lciw 0, HOLD 
Range, -MEM, OHMs, 2tnA 
(Relative to DIG GND Pin 54) 

Vee to VssA · 
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MIN 

-0000 

-0001 

-0000 

2.5 

6.3 

TSC816 
TYP 

0000 

0000 

20 

40 to 

40 to 

570 

285 

2.6 

MAX 

+0000 

+0001 

+0000 

±1 

±3 

±1 

±1 

10 

500-

2000-

660 

350 

3.3 

UNIT 

Digital 
Reading 

Count 

Count 

pA 

µVp-p 

Hz 

mV 

mV 

v 

50 ppm/°C 

100 Hz 

v 

25 µA 

4 kHz 

6.6 7.0 v 

0.8 1.5 mA 
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3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

Pin Description and Function Table 1: 
68-Pln 
Plastic 
Leaded SYMBOL 

Chip Carrier 

BP2 

2 NC 

3 BP3 

4 Low !l/A 

5 !l/V 

6 Kim/HOLD 

7 BCPO 
(Ones digit). 

8 AGDO 

9 FEO 

10 BCP1 

11 AGD1 

12 FE1 

13 BCP2 

14 AGD2 

15 FE2 

16 BCP3 

17 AC/-/ AUTO 

18 -MEM/BATT 

19 VSSD 

20 vcc 
21 NC 

22 COM 

23 RMREFH 

24 RMREFL 

25 NC 

26 CR EFL 

27 CREFH 

28 REFHI 

29 !lR1 

30 !lR2 

31 OR3 

32 !lR4 

33 !lR5 

34 NC 

35 VR3 

DESCRIPTION 

LCD Backplane #2. 

No Connection. 

LCD Backplane #3. 

LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 

LCD Annunciator segment drive for resistance measurement and voltage measurement. 

LCD Annunciator segment drive fork ("kilo-ohms"), m ("mi Iii-amps" and "mi Iii-volts") and HOLD 
mode. 

LCD segment drive for "b," "c" segments and decimal point of least significant digit (LSD). 

LCD segment drive for "a," "g," "d" segments of LSD. 

LCD segment drive for "f" and "e" segments of LSD. 

LCD segment drive for "b," "c" segments and decimal point of 2nd LSD. 

LCD segment drive for "a," "g," "d" segments of 2nd LSD (Ten's digit). 

LCD segment drive for "f," and "e" segments of 2nd LSD. 

LCD segment drive for "b," "c," and decimal point of 3rd LSD. (Hundreds digit). 

LCD segment drive for "a," "g," "d" segments of 3rd LSD. 

LCD segment drive for "b" and "c" segments of 3rd LSD. 

LCD segment drive for "b," "c" segments and decimal point of MSD (Thousand's digit). 

LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 

LCD annunciator drive signal for low battery indication and memory (relative measurement) 
mode. 

Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 

Positive battery supply connection. 

No Connection. 

Analog circuit ground reference point. Nominally 2.6V below VCC. 

Ratiometric (Resistance measurement) reference high voltage. 

Ratiometric (Resistance measurement) reference low voltage. 

No Connection. 

Reference capacitor negative terminal CREF = 0.1 1-'f. 

Reference capacitor positive terminal CREF = 0.1 /.'f. 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

Standard resistor connection for 200 fl full-scale. 

Standard resistor connection for 2000 n full-scale. 

Standard resistor connection for 20 k!l full-scale range. 

Standard resistor connection for 200 k!l full-scale range. 

Standard resistor connection for 2000 k!l full-scale range.. 

No Connection. 

Voltage measurement+ 100 attenuator. 
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PRODUCT INFORMATION 

TSC816 
Pin Description and Function Table 1: 

68-Pin 
Plastic 
Leaded SYMBOL 

Chip Carrier 

36 VR2 

37 VR5 

38 VR4 

39 V1 

40 Ii 

41 ACVL 

42 COMP 

43 NC 

44 Cl 

45 CAZ 

46 Rx 

47 CFI 

48 ADI 

49 ADO 

50 RnBUF 

51 RVIBUF 

52 ACVH 

53 VSSA 

54 DIG GND 

55 STATUS 

56 RANGE 

57 HOLD 

58 MEM 

59 2 mA 

60 DC/AC, 
O/LOW n 

61 I 

62 OHM 

63 20 mA 

64 BUZ 

65 XTAL1 

66 XTAL2 

67 VDISP 

68 BP1 

DESCRIPTION 

Voltage measurement+ 10 attenuator. 

Voltage measurement+ 10,000 attenuator. 

Voltage measurement + 1000 attenuator. 

Unknown voltage input + 1 attenuator. 

Unknown current input. 

Low output of AC to DC converter. 

Comparator Output. 

No Connection. 

Integrator capacitor connection. Nominally 0.1 µf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

Auto-zero capacitor connection. Nominally 0.1 µf. 

Unknown resistance input. 

Input filter connection. 

Negative input of internal AC to DC operational amplifier. 

Output of internal AC to DC operational amplifier. 

Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 kn. 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 kn. 

Positive output of AC to DC converter. 

Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 

Internal logic digital ground. The logic "O" level. Nominally 4.7 V below VCC. 

Logic Output Signal. 

Input to set manual operation and change ranges. 

Input to hold display. connect to DIG GND. 

Input to enter memory measurement mode for relative measurements. The two LSD's are stored 
and subtracted from future measurements. 

Logic Input. "O" (Digital Ground) for 2 mA full-scale current measurement. 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

Input to select current measurement. Set to logic "O" (Digital ground) for current measurement. 

Logic Input. "O" (Digital Ground) for resistance measurement. 

Logic Input. "O" (Digital Ground} for 20 mA full-scale current measurement. 

Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non
RPenatb\lYg/,V~i~tg_Hz signal is output to indicate an input overrange during voltage or current 

32.768 kHz Crystal Connection. 

32.768 kHz Crystal Connection. 

Sets peak LCD drive signal: VP= VCC-VDISP. VDISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

LCD Backplane #1. 
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IF LCD BIAS CONNECTED TO DIG GND, 
PEAK DRIVE SIGNAL ,,.5 V. 

LCD BIAS I - ~ •:t·"·' 11.g I ~~:;';,~~LAY 

R7/100k.Q 

I ,, ,, ,, k!l 

. 0. 0. 0 mVA 01~ 
AC 

0.01 

J: µf I .1-R){VD-iSPBP,--BPi BP-3 - LOi'iiA-hNi<.Tnl l -MEriiBCP3 FE2 AGD2BCP2 FEl AGD1 BCP1 FEO AGDO BCPO 
Rs/100kn ?~ RMREFL L I _ ~~7~1~ur8tTT ! I I I I 

17 I 18 I 16 I 15 l 14 I 13 I 12 I 11 I 10 I 9 46 167 168 11 

f~p~E~ 

55 

BACKPLANE___L_____:__OISPLAY~_J___ lOO's___l__ 10's"_...;,J________ l's j 
nRS (-'- 10.000) DRIVERS ANNUNCIATORS ilOOO's 

ilR4 (7 1,000) l ·--SEGMENT & DECIMAL POINT DRIVE 

OHMS RANGE 
UR3 {-:- 1001 ATTENUATOR 

ilA2{-i-101 J 
S1R1(.;.1) 

STATUS 

~TSC816 
3 1/2 Digit Auto-Ranging ADC with 

2/20/200 mA Current Ranges and Display Hold 
68-Pin Plastic Leaded 
CHIP Carrier (PLCC) 

L:J o~ I AUDIO ENABLE 
TRANSDUCER 

64 165 

BUZ XTAL 11 

XTAL2r· • • 9V _ 
1 

vcc 20 Iii 

l-o2oornA 

VOLTAGE 39 VI (-:- 1) l INPUT 

---",cv-.--3
--,
5 

VR2 (.;. lO) VOLTAGE RANGE 

- ~~ 
DC/AC OR_WLOW nls6 

MANUAL RANGE 56 
CHANGE 

-,.--

R11/101kil 35 VRJ (.;. lOO) ATTENUATOR 

~VR4 (-:-1,000) J 
VAS (7 10,000} ADO 

R10/10k.Q 

ADI ACVH 

COMMON R9/1kil 

ACVL R!1BUF RVIBUF CAZ- CJ HOLD ClF 

41 ]SO 151 145 144 157 147 

CAZ I CINT 

-MEM~ 
RMREFH I 23 

ANALOG 
CREFH COM REFHI 

-,.--
-,.--

39pf 

R20 
100 
k!l ~TOVCC 

4.7µf O.lµf R19/5kH R18/24k.ll 

cs 

R!1BUF RVIBUF 
~0.0M 

l 

Figure 1: Typical Application & Test Circuit 
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PRODUCT INFORMATION 

~ 
OHMS 
INPUT 

6.2V 

w•~ INPUT 

COMMON 

TSC816 

I 
0.1 µI 

R7/100k!1 

,-----------------------------------------------------, 
I vcc 1 

<lRx 46 II ~, II VCC 
s12 V·l 1 4~ TSCBl6 lOkn I 

RMREFL 241 ,,111111111 I 23 RMREFH 

R4/163.85kS1 

R3/16385H 

R2/1638.5S1 

A1/163.85H 

R28/90n 

R15/9n 

R14/9.9M.11 R13/500k.11 

R12/1.111M.11 

A11/101k.11 

R10/10kn 

R9/1k!1 

.11As 331 

I 
I 
I 
I 
I 
I 
I 
I 1, 40: 
I 
I 
I 
I 
I 
I 
I 
I 
I 

v1 391 
I 
I 
I 
I 
I 
I 

VR2 361 

I 
I 
I 

ADO 49 I 
I 
I 
I 
I 
I 
I 
I 

R21/ l 
2.2MU I 
ADI 481 

Sl 

V• 
1/10k 

AC TO DC 
CONVERTER OP AMP 

V·l/1 

S11 

n. 
l/lk 

n. 
1/100 

n. 
1/10 

n. 
1/1 

513 INT·(.11 +DC) 

S35 
n 

RBUFil 

vcc 
543 H·LO H 

2.8V 

REF AMP 

S23 S22 

I 
I 
I R18/24kn 
I 
I 
I 
I 
I 
I 
I 
I R19/5kll 
I 
I ANALOG 
I 22 COMMON 

I 
I 
I 
I 
I 
j2a REF HI 

BE·n DE·1f 

S20 DE 

s1s DE 

S16 DE+ 

INTEGRATOR 

44 
INT 

0.1µf 
CINT 

I 
I 
I 
I 
I 
I 
I 
I 

CREF 

I 26 CREFL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l 47 CIF 

O.lµf 

R20 100k0 

C~.Olµf 

TO 
e----T--t~ DIGIT AL 

I 
I 
I 
I 
I __ J 

42 
COMP 

SECTION 

Figure 2: TSC816 Analog Section 
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Resistance, Voltage, Current 
Measurement Selection 
The TSC816 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol
tage measurements. The OHMS (Pin 62) and I (Pin 61) input 
controls are normally pulled internally to Vee. 

By tying these pins to Digital Ground (Pin 56), the TSC816 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 

Table 2: TSC816 Measurement Selection Logic 
Function Select Pin 

OHM (Pin 62) I (Pin 61) Selected Measurement 

0 0 Voltage 
0 1 Resistance 

0 Current 

Voltage 

O = Digital Ground 

Notes: 

1 = Floating or Tied to Vee 

1. OHM & Tare normally pulled internally high to VCC 
(Pin 20). 
This is considered a logic "1." 

2. Logic "O" is the potential at digital ground (Pin 54). 

Resistance Measurements -
OHMS & Low Power OHMS 
The TSC816 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. The TSC816 
low power ohms measurement mode limits the probe open 
circuit voltage. This prevents semiconductor junctions in the 
measured system from turning on. 

In the resistance measurement mode the fl/LOWfl (Pin 60) 
input selects .the low power ohms measurement mode. For 
low power ohms measurements fl/LOWfl (Pin 60) is momer:i
tarily. brought low to digital ground potential. The TSC816 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOWfl, will be activated. On power up the low power ohms 
mode is not active. 

If the manual operating mode has been selected, toggling 
fl/LOWfl will reset the TSC816 back to the auto-range mode. 
In manual mode, the decision to make a normal or low power 
ohms measurement should be made before selecting the de
sired range. 

The low power ohms measurement is not available on the 
100 fl full-scale range. Open circuit voltage on this range is 
below 2.8 V. · 

The standard resistance values are listed in Table 3. 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

Table 3: Ohms Range Ladder Network 
Full-Scale Standard Low Power 
Range Resistance Ohms Mode 

200 fl 163.85 fl (R1) NO 

2000 fl 1638.5 fl (R2) YES 

20 kfl 16,358 fl (R3) YES 

200 kfl 163850 fl (R4) YES 

2000 kfl 1,638,500 fl (RS) YES 

N/A = Not available. 

Ratiometric Resistance Measurements 
The TSC816 measures resistance ratiometrically. Accuracy is 
set by the external standard resistors connected to Pin 29 
through 33. A low-power ohms mode may be selected on all 
but the 200 n full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This allows 
accurate "in-circuit" measurements when a resistor is shunted 
by semiconductor junctions. 

Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. 

Figure 3 shows a detailed block diagram of the TSC816 con
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 

Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor .accuracy. 

Table 4: Reference Resistors 
Full-Scale Reference fl/COUNT Range Resistor 

200 163.85 0.1 

2 k 1638.5 1 

20 k 16385 10 
200 k 163850 100 
2M 1638500 1000 
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Voltage Measurement 
Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal VI (Pin 39) for full-scale vol
tages from 200 mV to 2000 V. 

For applications which do not require a 10 Mfl input impe
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 



PRODUCT INFORMATION 

RB 
22on 

R5/1638500 H 

._ __ "_'._11•..,•.,.kn_;;:o••~---'""''2'<>" o---o"O S13 

-V-· --1 INT • {n + DC) 
1 

BUFFER 

4~ TSC816 

TSC816 

9V 

vsso .-------ill 
23 53 VSSA 

vcc 
20 

23 

REFHI 

R18 
24 kH 

f.'2=-8 ---< s kn 

ANALOG 
COMMON 

,,.. - RATIO METRIC RESISTANCE MEASUREMENT -

835 
sa1 n n 

220 kf2 

INTEGRATOR COMPARATOR 

Figure 3: Ratiometric Resistance Measurement Functional Diagram 

Current Measurement 
The TSC816 measures current only under manual range 
operation. The three user selectable full-scale ranges are: 2 mA, 
20 mA, and 200 mA. Select the current measurement mode by 
holding the I input (Pin 61) low at digital ground potential. 
The OHM input (Pin 62) is left floating or tied to the positive 
supply. 

Three ranges are possible. The 2 mA range is selected by con
necting the 2 mA input (Pin 59) to digital ground. The 20 mA 
full-scale range is selected by connecting the 20 mA input (Pin 
63) to digital ground. If both Pin 63 and 59 are left floating the 
200 mA full-scale range is selected. 

External current to voltage conversion resistors are used at 
the It input (Pin 40). For 2 mA full-scale current range a 100 !1 
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resistor is used. For 20 mA measurements a 10 !1 resistor is 
used. the 200 mA range needs a 1 !1 resistor. Full-scale is 
always 200 mV. 

PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 !1 trace resistance will cause a 5% current to 
voltage conversion error at It (Pin 40). 

The extended resolution measurement option operates during 
current measurements. 

To minimize rollover error the potential difference between 
analog common (Pin 22) and system common must be 
minimized. 



VA"' I 0.64 V For OHMS / 

I 0.32 V For LO OHMS\ 

~:3.85 kf! CREF *+ t 
100k.n J VR I YR 

220 .n 

------- vx 
UNKNOWN RX 

TO ANALOG 
BUFFER 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

Example: 200 kll Full-Scale Measurement 

(a) 

(b) 

(c) 

VR = 

vx = 

__ 16_3_.8_5_k_l_l __ x 0.64 
163.85 + 220 + RX 

RX ----------x 0.64 
163.85 kll + 220 ll + RX 

+RX 

"Ramp Up Voltage" = "Ramp Down Voltage" 

VX XT1 = ~ ToE 
R1C1 R1C1 

Where: 
R1 = Integrating Resistor, T1 = Integrate Time 
C1 =Integrating Capacitor,ToE = Deintegrate Time 

(d) RX=16385( T~IE ) 

Independent of R1, C1 or Internal Voltage Reference 

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor 

~~TSC816 SIGNAL REFERENCE 
INTEGRATE OEINTEGRATE 
PHASE PHASE 

----AUTO-ZERO __ -------1~ -------- NEXT CONVERSION 
PHASE AUTO-ZERO CYCLE 

EXTENDED 

MIN. AUTO-ZERO 
TIME 

FIXED *MAX. 
1638.5 Tp 3000,0 Tp 

RESOLUTION 

-----3361.5 Tp ~ .......... r,--~ Toe ...... ·~A~~J~~l~N2~~oo;:~~~ON 
<'ffO INPUT MINIMUM AUTO-ZERO TIME 

SIGNAL IS 436U T p 

i------TcoNV = 8000 Tp·~ 

Figure 5: Basic TSC816 Conversion Timing 

Measurement Options 
AC to DC Measurements 
In voltage and current measurements the TSC816 can be 
configured for AC measurements.· An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 

When power is first applied the T$C816 enters the DC mea
surement mode. For AC measurements (current or voltage), 
AC/DC (Pin 60) is momentarily brought low to digital ground 
potential; the TSC816 sets-up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
AC/DC low again will return the TSC816 to DC operation. 

If the manual operating mode has been selected toggling 
AC/DC will reset the TSC816 back to the auto-range mode. In 
manual mode operation AC or DC operation should be 

External Crystal = 32.768 kHz 
Internal Clock Period = Tp = 2/32.768 = 61.04 µs 

Total Conversion Time = TcoNv = 8000 (TP) 

= 488.3 ms~ 2 CONV/SEC 

Integration Time= T1 = 1638.5 (TP) = 100.0 ms 

Maximum Reference Deintegrate Time 

= ToE = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tr) = 122.1 ms (Auto-Range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) (TP) = 205.1 ms (Manual, Extended 
Resolution) 

= (8000-2000-1638.5) (TP' = 266.2 ms (Auto-Range) 
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selected first and then the desired range selected. 

The minimum AC voltage full-scale voltage range is 2V. The 
DC full-scale minimum voltage is 200 mV. 

AC current measurements are available on the 2 mA, 20 mA 
and 200 mA full-scale current range. 

Conversion Timing 
Th.e TSC816 analog-to-digital converter uses the conven
tional dual slope integrating conversion teghnique with an 
added phase that automatically eliminates zero offset errors. 
The TSC816 gives a zero reading with a zero volt input. 

The TSC816 is designed to operate with a 32.768 kHz crystal. 
The 32 kHz crystal is low cost.and readily available; it serves 
as a time base oscillator crystal in many digital clocks. (See 
External Crystal Sources). 
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The external clock is divided by two. The internal clock fre
quency is 16.348 kHz giving a clock period of 61.04 µs. The 
total conversion - auto-zero phase, signal integrate and 
reference deintegrate - requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 

The integration time is fixed at 1638.5 clock periods or 100 
ms. This gives rejection of 50/60 Hz AC line noise. 

The maximum reference deintegrate time, representing a full
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto
zero phase. An auto-ranging or manual conversion takes 
8000 clock periods. After a zero crossing is detected in the 
reference deintegrate mode, the auto-zero phase is entered. 

Figure 5 shows the basic TSC816 timing relationships. 

Manual Range Selection 
The TSC816 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 54) to 
digital ground potential (Pin 54). When the change from 
auto-to-manual ranging occurs the first manual range se
lected is the last range in the auto-ranging mode. 

The TSC816 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC816 remains in the manual range 

Table 5: Manual Range Operation 

TSC816 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, fl/LO !l) changes. This 
causes the TSC816 to return to auto-ranging operation. 

The "Auto" LCD annunciator driver is active only in theauto
range mode. 

Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu
tion display format. 

Extended Resolution Manual Operation 
The TSC816extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kfl and 2000 V ranges during auto-range 
operation. 

In the extended resolution operating mode readings above 
1999 are displayed with a blinking "1" most significant digit. 
The blinking "1" should be interpreted as the digit 2. The 
three least significant digits display data normally. 

An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display "000". The buzzer output is enabled for input voltage 
and current signals with readingsgreaterthan 2000counts in 
both manual and auto-range operation. 

For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 

INPUT DC VOLTS AC VOLTS OHM LO OHM 

23.5 v 18.2 v 18.2 kn 2.35 Mn 

RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

POWER-ON 200 mV "1"00.0 mV 2V "1''.000 v 200 n "1"00.0n 2kn "1".000 kn 

AUTO-RANGE 2V "1''.000 v 20 v 18.20 v 2 kn "1''.ooo kn 10 kn "1"0.00 kn 

OPERATION 20 v "1"0.00 v 20 kn 18.20 kn 200 kn "1"00.0 kn 

200 v 23.5 v 2000 kn "1"350 kn 

#of RANGE CHANGES l....r 
"""Lr RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY 

1 200V 23.5 v 20 v 18.20 v 20 kn 18.20 kn 2000 kn "1"350 kn 
0 2 200mV "1"00.0 mV 2V "1''.000 v 200 n "1"00.0n 2 kn "1".ooo kn 

M p 
A E 3 2V 1.000 v 20 v 18.20V 2kn "1".ooo kn 20 kn "1"0.00 kn 
N A 
u A 4 20V "1"3.50 v 200 v 18.2 v 20 kn 18.20 kn 200 kn "1"00.o kn 
A T 5 200 v 23.5 v 600 v 19 v 200 kn 18.2 kn 2000 kn "1"350 kn 
L I 

0 6 1000 v 24 v 2V "1''.000 v 2000 kn 10 kn 2 kn "1''.000 kn 
N 

7 200mV "1"00.0 mV 20 v 18.20 v 200 n "1"'00.on 20 kn "1"0.00 kn 

8 2V "1''.000 v 200 v 18.2 v 2 kn "1".ooo kn 200 kn "1"00.0 kn 

Notes: 
1. A flashing MSD is shown as a "1". A flashing MSD indicates the TSC815 is 

over-ranged if all other digits are zero. 

3. A flash mg MSD with a non-zero display 1nd1cates the TSC815 has entered 
the extended resolution operating mode. An additional 1000 counts of reso
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 2. The first manual range selected is the last range in the auto-ranging mode. 4. -i._r- = momentary ground connection. 
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CONTINUITY 
INDICATOR 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

CONTINUOUS 4 kHz 
BUZZER 

..,~TSC816 

*MODE ALSO OPERATES WHEN 
AUTO-RANGING OPERATION IS 
SELECTED AND 2 Mn <RX <2.9991M,\1 

MANUAL 
RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

OVER-RANGE 
INDICATOR 

DISPLAY 
"1" 000 

DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 

EXTENDED 
RESOLUTION 
FEATURE 

Figure 6: Manual Range Selection; 
Resistance Measurement 

RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

YES 

NON-CONT:NUOUS 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

OVER-RANGE INDICATOR 

DISPLAY 
"1" 000 

"1" "' >FLASHING MSD 

YES DISPLAY LAST 
3 DIGITS 
AND FLASH MSD 

..,~TSC816 

Figure 7: Manual Range Selection; 
Current Measurement 

-MEM Operating Mode 
Bringing MEriii (Pin 58) momentarily low configures the 
TSC816 "-MEM" operating mode. The -MEM LCD Annun
ciator becomes active. In this operating mode subsequent 
measurements are made relative to the last two digits ('.099) 
displayed at the time MEM is low. This represents 5% of full
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 
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RANGE 
SELECT 

OUTPUT NON
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 

OVER-RANGE INDICATOR 

t 
YES DISPLAY 

"1" 000 

"1" =>FLASHING MSD 

YES DISPLAY LAST ,__..,_ ___ , 3 DIGITS AND 

FLASH MSD 

EXTENDED RESOLUTION 
FEATURE 

DISPLAY 
TRUE 
READING 

..,~TSC816 

Figure 8: Manual Range Selection; 
Voltage Measurement 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri (N) = 18.21 kll (20 kl! Range)=> Display 18.21 kl! 
MEM -U- = > Store 0.21 kll 

Ri (N+1) = 19.87 kl! (20 kl! Range) 
= > Display 19.87 - 0.21 = 19.66 kl! 

Ri (N+2) = 22.65 kl! (200 kl! Range) 
= > Display 22.7 kll & MEM Disappears 

Example 2: In Fixed Range 200.0 ll Full-Scale 

Ri (N) = 18.2 ll =>Display 18.2 !l 
MEM L_F =>Store 8.2 ll 

Ri (N+1) = 36.7 l1 
= > Display 36.7 - 8.2 = 28.5 !l 

Ri (N+2) = 5.8 ll 
= > Display 5.8 - 8.2 = -2.4 lr 

·Will display minus resistance if following input is less than 
offset stored at fixed range 

Example 3: In Fixed Range 20.00 V Full-Scale 

Vi (N) = 0.51 V =>Display 0.51 V 
MEM L..J = > Store 0.51 V 

Vi (N+1) = 3.68 V 
= > Display 3.68 - 0.51 = 3.17 V 

Vi (N+2) = 0.23 V 
= > Display 0.23 - 0.51 = -0.28 v 

Vi (N+3) = -5.21 V 
= > Display -5.21 - 0.51 = -5.72 V 
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On Power up the TSC816 "-MEM" mode is not active. Once 
the "-MEM" is entered bringing MEM low again it returns the 
TSC816 to normal operation. 

The "-MEM" mode is also cancelled whenever the measure
ment type (resistance, voltage, current, AC/DC,!1/LO fl) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 

In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
"-MEM" mode is cancelled. The LCD annunciator is turned 
off. 

The "-MEM" operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 

Automatic Range Selection Operation 
When power is first applied the TSC816 enters the auto
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance. or voltage) or by changing the measurement 
option (AC/DC, !1/LOfl). 

The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC mea
surements. The voltage range selection flow chart is given in 
Figure 9. 

Internal input protection diodes to VCC (Pin 20) and VSSA 
(Pin 53) clamp the input voltage. The external 10 Mfl input 
resistance (See Figure 1, R14and R13) limits current safely in 
an overrange condition. 

The voltage range selection is designed to maximize resolu
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 

An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 64). This 4 kHz signal can directly drive a piezoelectric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 

During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso
lution operating mode discussion). 

The resistance automatic range selection procedure is shown 
in Figure 10. The 200 fl range is the first range selected unless 
the TSC816 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kfl. 

The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range operation a 
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TSC816 
continuous 4 kHz signal is output at BUZ (Pin 64). An over
range input does not activate the buzzer. 

Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
"ODO." 

The extended resolution feature operates only on the 2000 kfl 
and 2000 V full-scale range during auto-range operation. A 
blinking "1" most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 

N" N + 1 

YES 

DISPLAY "1" 000 
FLASH MSD 

..,...TSC816 

N" O; 200.0 mV FULL-SCALE RANGE 
N" 1; 2.000 V FULL-SCALE RANGE 

N = NK 

(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

EXTENDED 
RESOLUTION 

OVER-RANGE 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 9: Auto-Range Operation; 
Voltage Measurement 
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N = O; 200.0 n FULL-SCALE RANGE 
N = 1; 2:000 kn FULL-SCALE RANGE 

( REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 10: Auto-Range Operation; 
Resistance Measurement 

vcc o--<--.---~ 
LOW BATTERY DETECTOR 

K = K + l 

OVER 
RANGE 

DISPLAY 
"1" 000 

FLASH MSD 

TO LCD 

>-------- :~~E~~~6~TOR 
LOGIC 

~~TSC816 

LOW BATTERY ANNUNCIATOR DISPLAYED FOR VSUPPLY <7 V 

Figure 11: Low Battery Detector 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

Low Battery Detection Circuit 
The TSC816 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 

The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. 

Triplex Liquid Crystal Drive 
The TSC816 directly drives a triplexed liquid crystal display 
{LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC816. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu
facturers. 

The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. 

If VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 

Vp = VCC-VDISP = 3 V 

An "OFF" LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An "ON" segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 

i~IPLEX r VH 
SEGMENT 
DRIVE 
LOGIC 

VL 

~~TSC816 

Vp = VCC - VDISP 

"OFF" = Vp/3 RMS 

vcc 

26 

50 k 

50 k 

50 k 

~---t~6~7 -0 VDISP 

"ON" = V11 Vp RMS 
,v, 

Figure 12: 1/3 Bias LCD Drive 
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Since the VDISP pin is available the user may adjust the "ON" 
and "OFF" LCD levels for various manufacturer's displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 

"OFF" segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to -20 mV/° C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 

The TSC816 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 20) and VDISP (Pin 67). The ladder impe
dance is approximately 150 k!1. This drive method is com
monly known as 1/3 bias. With Vo1SP connected to digital 
ground Vp= 5.0 V. 

The intermediate levels are needed so that drive signals 
giving RMS "ON" and "OFF" levels can be generated. Figure 
13 shows a typical drive signal and the resulting wave forms 
for "ON" and "OFF" RMS voltage levels across a selected 
LCD element. 

LCD Displays 
Although most users will design their own custom LCD 
display, several manufacturers offer standard displays for the 
TSC816. Figure 14 shows a typical display available from 
Varitronix. 

• Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 

Part No.: VIM 310-1 Pin Connector 
VIM 310-2 Elastomer Connector 

p-b J_ BPl 
81· I ""I 
c;fJ _1!2:L,, 

SCP 

BACKPLANES 

USA OFFICE: 
VL Electronics Inc. 
3161 Los Feliz Blvd., Suite 303 
Los Angeles, CA 90039 
Tel. (213) 661-8883 
TELEX: 821554 

• Adamant Kogyo Co., LTD. 

TSC816 

16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 

External Crystal 
The TSC816 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 µs 

clock period. One conversion takes 8000 clock periods or 
488.3 msec (= 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 

The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 

SEGMENTS 

a (FE-BP1) 
"ON" 

b (BCP-BPl) 
"ON" 

c (BCP-BP2) 
"ON" 

d (AGD-BP3) 
"ON" 

e (FE-BP21 
"OFF" 

f IFE-BPl) 
"OFF" 

g (AGD-BP2) 
"ON" 

SEGMENTS 

Waveforms to Generate 3 
Figure 13: Triplex LCD Drive Waveforms 
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Several crystal sources exists. A partial listing is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

• International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 

"Buzzer" Drive Signal 

Contact manufacturer for 
full specifications. 

The TSC816 BUZ output (Pin 64) will drive a piezoelectric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement a reading less than 19 on 
any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 

A voltage or current input measurement overrange is indi
cated by a non-continuous 4 kHz signal at the BUZ output. 
The LCD display MSD also flashes and the three least signifi
cant digits are set to display zero. The buzzer drive signal for 

3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 

WITH 2mA CURRENT RANGE 

overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto
range operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from VCC (Pin 20) to Digital Ground 
(Pin 55). The signal is at VCC when not active. 

PAD BP1 BP2 BP3 PAD COMl COM2 COM3 

BP1 19 I I I 

BP2 20 I I I 

3 //BP321/ 

4 /LOHA 22 I 

5 I .11 V 23 I 

6HOLDk m 24 / 

bl c1 25 

al g1 d1 26 

f1 el I 27 

10 b2 c2 P2 28 

11 a2 g2 d2 29 

12 f2e2/ 30 

13 b3 c3 P3 31 

14 aJ g3 d3 32 

15 f3 eJ I 33 I I 

16 b4 c4 P4 34 I I 

17 AC=AUT035 I I I 
t---+--+---t----i---lt----t~---t---

18 LJ -MEM I 36 I I I 

1-----------50,8(+0,3-0.1)----------I 

1

--------- 45.0 VIEWING AREA MIN. -------1~ I ~ I I~ G. BETWEEN PADS 2.54 x 17" 43.18 F 

Figure 14: Typical LCD Display Configuration TSC816 Triplex 
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TSC816 
Display Decimal Point Selection The BUZ output is also activated for 15 ms whenever a range 

change is made in auto-range or manual operation. Changing 
the type of measurement (voltage, current, or resistance) or 
measurement option (AC/DC, !l/LO!l) will also activate the 
buzzer output for 15 ms. A range change during a current mea
surement will not activate the buzzer output. 

The TSC816 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 

Table 6: Decimal Point Selection 
Vendors for piezoelectric audio transducers are: 

• 9 • 9 • 
• Gulton Industries 

Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical P/N's: 102-95NS, 101-FB-00 

• Taiyo Yuden (USA) Inc. 
Arlington Center 
714 West Algonquin Road 
Arlington Hts., Ill. 60005 
Typical P/N's: CB27BB, CB20BB, CB355BB 

vcc 

Full-Scale Range 
2000 v' 2000 k!l 

200.0 V, 200.0 kf1 

20.00 V, 20.00 k!l 

2.000 V, 2.000 kf1 

200.0 mV, 200.0 !l 

2.000 mA 

20.00 mA 

200.0 mA 

122 m• 1610m•1122m• I . .. ....... 

DIGITAL 
GROUND 

4 kHz SIGNAL 

DP3 DP2 

OFF OFF 

OFF OFF 

OFF ON 

ON OFF 

OFF OFF 

ON OFF 

OFF ON 

OFF OFF 

Non-Continuous Buzzer Signal Indicates Input Overrange 
POWER UP 

~ VIN"'250mV 

: T~ ~r 'T 
I 1000 CLOCK PULSES I 
I I 

'-----''---' I 

CHANGE 
RANGE 

t' I 
CHANGE 
RANGE 

• 

CHANGE 
RANGE 

f I 
I 

CHANGE INPUT 
VtN"'3.2V 

[ 

INTEGRATE I I --1 f---

: : ~g~~~ CP 

~~~~NAL : I n I n IL: 
SIGNALS DEINTEGAATE :, -I ~1----:~--2.~o~c-,-~---2s"'o-cP----~l5oocp~~--2-s"o'-cp--~-- 3000CP : 

122ms I 

AUTO-ZERO : 2000 GP I 

I 
I 

I 

I 

I ' 
1 I I 

r---,,----AUTO-RANGING ----.l1-----~--- MANUAL RANGE---~------
200 mV RANGE f 2.000 V RANGE : 2.000 V RANGE : 200 mV RANGE : 2.000 V RANGE 
OVERRANGE IN-RANGE IN-RANGE 1 EXTENDED RANGE : IN-RANGE 

I ' 
I ' 

2.000 V RANGE 
OUT-OF-RANGE 

DP1 

OFF 

ON 

OFF 

OFF 

ON 

OFF 

OFF 

ON 

BUZ 
(PIN 3) I 

: : i I. 
4 kHz 4 kHz ---rn-- 15 ms 15 ms 1 15 ms1 4 kHz 4 kHzl I I 
~ ONE C~CLE OF ~ ~~~ci~ ~HAANNUGAEL I DUE TO ~~~ri~ : j122m 1l122mJ122m•~ 610 ms+----

1 OVERRANGE BUZZER I :~~~~~E CHANGE1 t I I BUZZER 

I BUZZER ACT
1

1VATED DUE I I euzZER ACTIVATED DUE To I ~~~r~~TED 
TO POWER UP PREVIOUS CONVERSION OVERRANGE PREVIOUS 

Figure 15: TSC816 Timing Waveform for Buzzer Output 
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TSC816 
AC to DC Converter Operational Amplifier 
The TSC816 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac
teristics are: 

• Slew Rate: 1 VI µ.s 
• Unity Gain Bandwidth: 0.4 MHz 
• Open Loop Gain: 44 dB 
• Output Voltage Swing (Load= 10 kD) ±1.5 V 

(Reference to Analog Common) 

When the AC measurement option is selected the input 
buffer receives an input signal through switch S14 rather 
than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func
tions within the constraints of the internal operational ampl.i
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 

Component Selection 
Integration Resistor Selection 
The TSC816 automatically selects one of two external inte
gration resistors. RVIBUF (Pin 51) is selected for voltage and 
current measurement. RflBUF (Pin 50) is selected for resis
tance measurements. 

RVIBUF Selection (PIN 51) 

In auto-range operation the TSC816 operates with a 200 mV 
maximum full-scale potential at VI (Pin 39). Resistive dividers 
at VR2 (Pin 36), VR3 (Pin 35), VR4 (Pin 38) and VR5 (Pin 37) 
are automatically switched to maintain the 200 mV full-scale 
potential. 

In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 39). 

The integrator output swing should be maximized but satu
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 20) and 0.5 V of VSSA (Pin 53) without 
saturating. A ±2 V swing is suggested. The value of RVIBUF is 
easily calculated assuming a worst case extended resolution 
input signal: 

Integrator Swing = ±2 V 

Integration Time= 100 ms 

Integration Capacitor= 0.1 µ.f 

Maximum lnpui at V1 = 300 mV 

RVIBUF VMAX(T1) = 150 kD 
V1NT (Ci) 
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RDBUF Selection (Pin 50) 

In ratiometric resistance measurements the signal at Rx (Pin 
46) is always positive with respect to analog common. The 
integrator swings negative. 

The worst case integrator swing is for the 200 D range with 
the manual, extended resolution option. 

The input voltage VX (Pin 46) is easily calculated (Figure 16). 

VANCOM 

Ra 

R1 

Rx 

Rs 

RflBUF 

Potential at Analog Common = 2.7 V 

220 n 
163.85 fl 

300 fl 

Internal Switch 33 Resistance = 600 D 

(VCC - VANCOM) Rx 

(Rx+ Rs+ R1 + Ra) 
= 0.63 v 

For a 3.1 V integrator swing the value of RD BUF is easily cal
culated: 

V1NT Integrator Swing= 3.1 V 

T1 

C1 

Rx Max 

Vx Max 

RDBUF 

Integration Time= 100 ms 

Integration Cap. = 0.1 µ.f 

300 n 
700 mV 

_(V_x_M_A_X_) _(T_1) __ = 220 kD 

C1 (VINT) 

Vee"' 9 v 

-J'~" 
A1 163.85 n 

Rs 22on 

f---Vx 

Rx 300,Q 

\) ANALOG COMMON =Vee - 3 v 

Figure 16: Rf1BUF Calculation (200 fl Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward 
the negative supply a 3.1 V swing will set the integrator output 
to 0.5 V above the negative supply. 

CINT, CAZ and CREF Capacitors 
The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 

Reference Voltage Adjustment 
The TSC816 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 22) is estab
lished by this reference. Maximum drift is a low 75 ppm/° C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 20). A resistive divider (R18/R19, Figure 1) sets the 
TSC816 reference input voltage (REFHI, Pin 28) to approxi
mately 163.85 mV. 

With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 

Display Hold Feature 
The LCD display will not be updated when HOLD (Pin 57) is 
connected to Ground (Pin 54). Conversions are made but the 
display is not updated. A HOLD Mode LCD annunciator is 
activated when HOLD is low. 
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TSC816 
Status Signal (Pin 55) 

The status signal makes a low to high transition at the be
ginning of deintegrate. The status signal has a fixed period of 8000 
clock cycles. 

Resistive Ladder Networks 
Resistor attenuator networks for voltage and resistance mea
surement are available from: 

• Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 II 
TWX: 910-332-6108 

Attenuator Attenuator Caddock 
Accuracy Type Part Number 

0.1% Voltage 1776-C441 

0.25% Voltage 1776-C44 

0.25% Resistance T 1794-204-1 

PLCC Sockets 
Production quality sockets are available for the 68-Pin plastic 
leaded chip carrier. 

• Burndy Corporation 
Electronics Division 
Norwalk, CT 06856 
(203) 952-6293 

• AMP lncoprated 
Harrisburg, PA 17015 
(717) 564-01 00 
TWX: 510-657-4110 
Part No: 641749 (Solder Tail) 
Part No: 641345 (Surface Mount) 



Notes 

ENGINEER:-------------------------- DEPT:----

PROJECT: DATE:-----

DESCRIPTION ________________________________ _ 
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..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC818 
AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

FEATURES 
• 3-1/2 Digit Numeric Plus 40 Segment Bar-Graph 

LCD Display Drivers 
• Annunciator Outputs Permit Customizing of LCD 

Display 
• 2-Chip Set, Surface Mounted 

- 60-pin Flat Package Plus 20-pin Small Outline (SO) 
• Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 
- Two User Selected AC/DC Current Ranges 20 mA 

and 200 mA 
• 22 Operating Ranges 

- 9 DC/AC Voltage 
- 4 AC/DC Current 
- 9 Resistance and Low Power Ohms 

• Display Hold Function 
• 3-1/2 Digit Resolution in Auto-Range Mode . . 1/2000 

- Extended Resolution in Manual Mode ... 1/3000 
• Memory Mode for Relative 

Measurements . . . . . . . . . . . . . . . . . . . . . . ±5% F.S. 
• Internal AC to DC Conversion Op Amp 
• Triplex LCD Drive for Decimal Points, Digits, Bar

Graph, and Annunciators 
• Continuity Detection and Piezoelectric Transducer 

Driver 
• Low Drift Internal Reference . . . . . . . 75 ppm/°C 
• 9 V Battery Operation . . . . . . . . . . . . . . . . 10 mW 
• Low Battery Detection and LCD Annunciator 
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AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT A.ND BAR GRAPH DISPLAY 

GENERAL DESCRIPTION 
The TSC818 is a 2-chip integrating analog-to

digital converter with 3-1/2 digit numeric and 40segment 
bar-graph LCD display drivers, automatic ranging, and 
single 9 V battery operation. The TSC818 chip set, 
consisting of the TSC818A and TSC818D, combines 
the precision of a numeric display with the quick 
recognition of a bar-graph. The numeric display is 
driven by the TSC818A, which also includes the a-d 
converter. The bar-graph display is driven by the 
TSC818D. 

The 40-segment bar-graph display provides 
"quick-look" perception 'of amplitude. Recognizing 
trends is also easier.with a bar~graph, making TSC818-
based instruments valuable in nulling, tuning, cali
bration, and similar applications. On the other hand, 
the numeric display provides 0.05% resolution and a 
full set of annunciators that spell out the TSC818's 
many operating modes. 

Automatic range selection is provided for both 
voltage (DC and AC) and ohms (high and low power) 
measurement&. Expensive and bulky mechanical range 
switches are not required. Five full scale ranges are 
available, with automatic selection of external Volt/Ohm 
attenuators over a 1 to 10,000 range. Two current 
ranges, 20 mA and 200 mA, can be selected manually. 
The auto-range feature can be bypassed, allowing 
input attenuator selection through a single line input. 

During manual mode operation, resolution is 
extended to 3000 counts full-scale. Extended resolution 
is also available during 2000 kn and 2000 V full-scale 
auto-range operation. The extended range operation is 
indicated by a flashing 1 MSD and by the fully extended 
bar-graph. 

The TSC818 includes an AC to DC converter 
for AC voltage and current measurements. Only external 
diodes/resistors/capacitors are required. Other features 
included are a memory mode, low battery detection, 
display HOLD input, and continuity buzzer driver. 

The 3-1/2 digit numeric display includes a full 
set of annunicators. Decimal points are adjusted as 
automatic or manual range changes occur, and voltage, 
current, and ohms operating modes are displayed. 
Additional annunciators are activated for manual, auto, 
memory, HOLD, AC, Low Power ohms, and low battery 
conditions. 

The TSC818 is available in a surface-mounted 
chip set, with TSC818A in a 60-pin flat package and 
TSC818D in a 20-pin small outline (SO). Combining 
numeric and bar-graph display drivers, single 9V 

battery operation, internal range switching, and com
pact surface mounting, the TSC818 is ideal for advanced 
portable instruments. 

Oderlng Information 

Part No. 

TSC818ACBQ 

TSC818DCOP 

Package 

60-Pin Plastic 
Flat Package 

20-Pin Small 
Outline (SO) 

Pin Configuration 

CAZ 

RX 

CFI 

ADI 

RnlUF 1 

RVIBUf 

~"' ACVH 
TSC818A ..... 

-MEM 

~~) 
T 
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Temperature 
Range 

o•c to +10°c 

o•c to +10°c 
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TSC818 
Absolute Maximum Ratings: 
.TSC818A 

AUTO-RANGING ·AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

TSC818D 
Supply Voltage . . • . . • . . . . . . . . . . . . • . . . . . . . . • 15 V 
Analog Input Voltage . • • . . . . • . . • . . . . . Vee to Vss 
Reference Input Voltage . . . • . . . . • . . . . Vee to Vss 
Voltage at Pin 43 •...••.•..... .'Common± 0.7 V 
Power Dissipation .. , ..•..• , • . . . • . . . . . . 800 mW 

Supply Voltage . . • . . . . . . • . . . . . . . . . . . . • . . . . 6.0 V 
Digital Input Voltage . . . . . • . . . . . . . • . Vee to GND 
Power Dissipation . . . . . . . . . . . . . • . • . • • . • 500 mW 
Both Devices 
Operating Temperature Range . • . . . 0°c to +70°C 
Storage Temperature . . . . . . . . . • . -65°C to +160°C 
Lead Temperature (Soldering, 10 sec.) . . . . +300°C 

Electrical Characteristics: Vs = 9 v, TA = 25°C, Figure 1 Test Circuit 

SYM- TSC818A 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

200 mV Range w/o 10 Mn 
-0000 0000' +0000 

Input Resistor ,, 

Zero Input Reading Digital 
200 mV Range w/10 Mn Resistor -0001 - +0001 Reading 

20 mA and 200 mA Range -0000 0000 +0000 

200 mV Range w/o 10 Mn - - ±1' Input Resistor 
RE Rollover Error 

200 mV Range w/ 10 MO 'Resistor ±3 
Counts - -

20 mA and 200 mA Range - - ±1 

NL . Linearity Error Best Case Straight Line - - ±1 Count 

l1N Input Leakage Current - - 10 pA 

EN Input Noise BW = 0.1 to 10 Hz - 20 - µVp-p 

±1% Error - 40 to 500 -
AC Frequency Response Hz 

±5% Error - 40 to 2000 -

Open Circuit Voltage for 
Excludes 200 n Range - 570 660 mV OHM Measurements 

Open Circuit Voltag~ for LO 
Excludes 200 n Range - 285 350 mV OHM Measurement 

VeoM Analog Common Voltage !Vee - VeoMl 2.8 3.0 3.3 v 

VeTe 
Common Voltage 

- - 50 ppm/°C Temperature Coefficient 

Display Multiplex Rate - 100 - Hz 

20 mA, AC, I, Low n, HOLD 
V1L Low Logic Input Range, -MEM, OHMS (Relative to - - 1 v 

DIG GND Pin 55) 

20 mA, AC, I, Low n, HOLD 
Logic 1 Pull-up Range, -MEM, OHMs (Relative to - 25 - µA 

DIG GND Pin 55) 

Vm Low Logic Output ANNUNC, DEINT; IL = 100 µA - DIG GND+0.1 - v 
VoH High Logic Output ANNUNC, DEINT; IL = 100 µA - Vee-0.1 - v 
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NEW PRODUCT INFORMATION 

TSC818 
Electrical Characteristics: Vs = 9 V, TA = 25°C, Figure 1 Test Circuit (Continued) 

SYM- TSC818A 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Buzzer Driver Frequency - 4 - kHz 

Low Battery Flag Voltage Vee to Vss 6.3 6.6 7.0 v 

Operating Supply Current - 0.8 1.5 mA 

Electrical Characteristics: Vee = +5 V, GND = o v, TA = 25°C 

SYM- TSC818D 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

V1H HIGH Logic Input 2.5 - - v 

V1L LOW Logic Input - - 1 v 
IL Logic Input Current Vee:::: V1N:::: GND - .01 10 nA 

Display Multiplex Rate - 100 - Hz 

Operating Supply Current - 40 100 µA 

TSC818A Pin Description and Function 

Pin No. 
(Quad Flat 
Package) Symbol 

OHM 

2 20 mA 

3 BUZ 

4 XTAL1 

5 XTAL2 

6 VrnsP 

7 BP1 

8 BP2 

9 BP3 

10 Low 0/A 

11 O/A 

12 k/m/HOLD 

Description 

Logic Input. "O" (Digital Ground) for resistance measurement. 

Logic Input. "O" (Digital Ground) for 20 mA full-scale current measurement. 

Buzzer. Audio frequency, 4 kHz, output for continuity indication during resistance 
measurement. A non-continuous 4 kHz signal is output to indicate an input 
overrange during voltage or current measurements. 

32.768 kHz Crystal connection and clock output to drive TSC818D. 

32.768 kHz Crystal connection. 

Sets peak LCD drive signal: Vp = Vee = VDISP· Vo1sP may also be used to 
compensate for temperature variation of LCD crystal threshold voltage. 

LCD backplane #1. 

LCD backplane #2. 

LCD backplance #3. 

LCD Annunciator segment drive for low ohms resistance measurement and 
current measurement. 

LCD Annunciator segment drive for resistance measurement and current 
measurement. 

LCD Annunciator segment drive fork ("kilo-Ohms"), m ("milli-Amps" and "milli
Volts") and HOLD mode. 
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AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

TSC818A Pin Description and Function (Continued) 

Pin No. 
(Quad Flat 
Package) Symbol 

13 BCPO 
(Ones Digit) 

14 ADGO 

15 FED 

16 BCP1 

17 ADG1 

18 FE1 

19 BCP2 

20 ADG2 

21 FE2 

22 BCP3 

23 AC/-/ AUTO 

24 -MEM/BATT 

25 ANNUNC 

26 Vee 

27 COM 

28 DEINT 

29 RMREFL 

30 CR EFL 

31 CREFH 

32 REFHI 

33 OR1 

34 OR2 

35 OR3 

36 OR4 

Description 

LCD segment drive for "b", "c" segments and decimal point of least significant digit 
(LSD). 

LCD segment drive for "a", "g", "d" segments of LSD. 

LCD segment drive for "f" and "e" segments of LSD. 

LCD segment drive for "b", "c" segments and decimal point of 2nd LSD. 

LCD segment drive for "a", "g", "d" segments of 2nd LSD. 

LCD segment drive for "f" and "e" segments of 2nd LSD. 

LCD segment drive for "b", "c" segments and decimal point of 3rd LSD (Hundred's 
digit). 

LCD segment drive for "a", "g", "d" segments of 3rd LSD. 

LCD segment drive for "f" and "e" segments of 3rd LSD. 

LCD segment drive for "b", "c" segments and decimal point of MSD (Thousand's 
digit). 

LCD Annunciator segment drive for AC measurements, polarity, and auto-range 
operation. 

LCD Annunciator segment drive for low battery indication and memory (relative 
measurement). 

Square wave. output at the backplane frequency, synchronized to BP1. ANNUNC 
can be used to control display annunciators. Connecting an LCD segment to 
ANNUNC turns it on; connecting it to its backplane turns it off. ANNUNC is also 
used to synchronize the TSC818A and TSC818D backplanes. 

Positive battery supply connection. 

Analog circuit ground reference point. Nominally 3.0 V below Vee-

Deintegrate output. Transmits the a-d conversion result to the bar-graph LCD 
driver. See text. 

Ratiometric (Resistance measurement) reference low voltage. 

Reference capacitor negative terminal. CREF = 0.1 µF. 

Reference capacitor positive terminal. CREF = 0.1 µF. 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

Standard resistor connection for 200 n full-scale. 

Standard resistor connection for 2000 n full-scale. 

Standard resistor connection for 20 kn full-scale. 

Standard resistor connection for 200 kO full-scale. 
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TSC818 
TSC818A Pin Description and Function (Continued) 

Pin No. 
{Quad Flat 
Package) Symbol 

37 ORS 

38 VR3 

39 VR2 

40 VRS 

41 VR4 

42 V1 

43 1, 

44 ACVL 

45 c, 

46 CAz 

47 Rx 

48 CFI 

49 ADI 

50 ADO 

51 ROBUF 

52 RVIBUF 

53 ACVH 

54 Vss 

55 DIG GND 

56 RANGE 

57 HOLD 

58 MEM 

59 DC/AC, 
O/LOW 0 

60 

Description 

Standard resistor connection for 2000 kO full-scale. 

Voltage measurement + 100 attenuator. 

Voltage measurement + 10 attenuator. 

Voltage measurement + 10,000 attenuator. 

Voltage measurement + 1000 attenuator. 

Unknown voltage input + attenuator. 

Unknown current input. 

Low output of AC to DC converter. 

Integrator capacitor connection. Nominally 0.1 µF. (Must have low dielectric 
absorption. Polypropylene dielectric suggested). 

Auto-zero capacitor connection. Nominally 0.1 µF. 

Unknown resistance input. 

Input filter connection. 

Negative input of internal AC to DC operational amplifier. 

Output of internal AC to DC operational amplifier. 

Active buffer output for resistance measurement. Integration resistor connection. 
Integrator resistor nominally 220 kO. 

Active buffer output for voltage and current measurement. Integration resistor 
connection. Integration resistor nominally 150 kO. 

Positive output of AC to DC converter. 

Negative supply connection. Connect to negative terminal of 9 V battery. 

Internal logic digital ground. Ground connection for the TSC818D, and the logic "O" 
level. Nominally 4.7 V below Vee. 

Input to set manual operation and change ranges. 

Input to hold display. Connect to DIG GND to "freeze" display. 

Input to enter memory measurement mode for relative measurements. The two 
LSD's are stored and subtracted from future measurements. 

Input that selects AC or DC option during voltage/current measurements. For 
resistance measurements, the Ohms or low power (voltage) Ohms option can be 
selected. 

Input to select measurement. Connect to logic "O" (digital ground) for current 
measurement. 
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AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

TSC818D Pin Description and Function 

Pin No. 
(20-Pin SO) Symbol 

18, 19, 20 

2 15, 16, 17 

3 12, 13, 14 

4 9, 10, 11 

5 6, 7, 8 

6 3, 4, 5 

7 0, 1, 2 

8 Vo1sP 

9 OLK 

10 GND 

11 SYNC 

12 DATA 

13 39, 40, OR 

14 36, 37, 38 

15 33, 34, 35 

16 30, 31, 32 

17 27, 28, 29 

18 24, 25, 26 

19 21, 22, 23 

20 Vee 

Description 

Segments 18, 19, 20 of LCD Display. 

Segments 15, 16, 17 of LCD Display. 

Segments 12, 13, 14 of LCD Display. 

Segments 9, 10, 11 of LCD Display. 

Segments 6, 7, 8 of LCD Display. 

Segments 3, 4, 5 of LCD Display. 

Segments 0, 1, 2 of LCD Display. 

Sets peak LCD voltage drive level. Connect to V018p of TSC818A, or to GND of 
TSC818D. 

Clock input. Connect to XTAL 1 output of TSC818A. 

Digital ground. Connect to DIG GND of TSC818A. 

Display SYNC input. Synchronizes backplanes of the TSC818A and TSC818D. 
Connect to ANNUNC output of TSC818A. 

Data Input. Pulses at the OLK input are counted while DATA is logic high. Connect 
to DEINT output ofTSC818A. 

Segments 39, 40 and overrange of LCD Display. 

Segments 36, 37, 38 of LCD Display. 

Segments 33, 34, 35 of LCD Display. 

Segments 30, 31, 32 of LCD Display. 

Segments 27, 28, 29 of LCD Display. 

Segments 24, 25, 26 of LCD Display. 

Segments 21, 22, 23 of LCD Display. 

Power supply input. Connect to Vee of TSC818A. 
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NEW PRODUCT INFORMATION 

THEORY OF OPERATION 
The TSC818 consists of two CMOS integrated 

circuits: The TSC818A incorporates an autoranging 
a-d converter and drivers for a 3-1/2 digit LCD display, 
while the TSC818D provides data formatting and 
drivers for a 40-segment bar-graph display. Both inte
grated circuits are required to form a complete 
measurement system. 

During each a-d conversion cycle, data is 
transferred from the TSC818A to the TSC818D. There
fore, the bar-graph display will track the numeric (3-112 
digit) display. The exact relationship between numeric 
display counts and bar-graph segments displayed is 
shown in table 2. Both displays are updated at the same 
rate. When the TSC818A is in its extended resolution 
mode (3000 counts, maximum) the bar-graph will 
display all 40 bars continuously. 

A-D Converter 
The TSC818A includes an integrating a-d con

verter with autoranging resolution of 2000 counts and 
manual range resolution of 3000 counts. Figure 2 
shows a simplified schematic of the analog section. In 
autoranging mode, internal logic will adjust the input 
voltage or ohms attenuators so that measurements will 
always be made in the appropriate range. Measurement 
ranges, logic control inputs, 3-1/2 digit LCD display 
formatting and other features are identical to the 
TSC815 autoranging a-d converter. However, the 
TSC818A is not pin compatible with, and is not a 
replacement for, the TSC815. 

A display annunciator output (ANNUNC) can 
be used to customize the LCD display. ANNUNC is a 
square wave at the backplane frequency. Connecting 
an annunciator segment to the ANNUNC driver turns 
the segment on; connecting the segment to its back
plane turns it off. 

Bar-Graph Driver 
The TSC818D includes a counter and data 

latch, clock divider, and triplex LCD bar-graph format
ting and display functions. A block diagram of the 
TSC818D and connections between the TSC818A and 
TSC818D are shown in figure 3. The TSC818D does not 
require a separate power supply, since it is powered 
from Vee and digital ground of the TSC818A. 

TSC818 

When the TSC818D DATA input goes to a logic 
high, pulses are counted at the CLK input. A clock 
divider scales clock pulses so that the number of LCD 
bar-graph segments is proportional to the numeric 
display (see Table 2). 

When the DATA input goes low, the counter 
contents are transferred to a display latch. Then the 
bar-graph counter is reset to zero, in preparation for the 
next a-d conversion cycle. 

The CLK input is also divided to produce the 
triplex LCD display drivers. The backplane and segment 
driver waveforms are the same voltage levels as the 
TSC818A. However, the TSC818D segment driver 
waveforms are less complicated than those of the 
TSC818A because adjacent bar-graph segments are 
either on or off. 

The SYNC input permits the synchronizing of 
display backplanes. By connecting theANNUNC output 
of the TSC818A to the SYNC input of the TSC818D, the 
two sets of LCD drivers will be synchronized. This 
feature permits the use of an LCD display with only one 
set of backplane drivers and saves 3 pin connections to 
the display. 

LCD backplane and segment drive voltages 
are set by the voltage between Vee and V01sp pins. In 
most cases, Vo1sP will be connected to GND and the 
LCD drive voltage will be about 5 V. If VoisP is not 
connected to GND, then VoisP of the TSC818D must be 
connected to VoisP of the TSC818A. 

Data Transfer 
Analog conversion results are transferred from 

the TSC818A to the TSC818D via two pins, DEINT and 
XTAL 1. DEINT is a TSC818A output with a pulse width 
proportional to the analog voltage being measured. 
DEINT goes to a logic high at the beginning of the 
TSC818A deintegrate cycle, and goes low at the 
comparator zero-crossing (end of conversion). 

Timing of the DEINT pulse width is derived 
from the TSC818A's XTAL 1 output, which provides a 
32.768 kHz clock. The number of clock pulses occurring 
while DEINT is high determines the number of bar
graph segments displayed. The relationship between 
numeric display counts and bar-graph segments is 
shown in Table 2. 
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AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

Figure 2: TSC818A Analog Section 

OHMS 
INPUT 

I 514 INT· TI •AC 

I 
C1/1µf I 

ACVL 441 
I S40 
I INT• 'IT·AC 
I 
I 
I i ~S39 jj/j' •!l• DC 

I 
I 

!l· 
1/100 

"· 1/10 

l]. 

1/1 

535 $37 

" n 

INTEGRATOR 

L_ ________________ !~_s:_ __ _ 

*NOT REQUIRED WHEN RESISTOR NETWORK 15 USED. 
SEE PAGE-18 FOR DETAILS. 

ABU FU 

7-102 

51 52 46 
All AVI CAZ 
BUF BUF 

220 150 0.1µf 
k!l kfl CAZ 

S22 
DE:n 

I 
I 
I 
I 
I 

vcc 

A18/24k!l 

R19/5kn 

j 32 REF HI 

I 
I ""163.85mV 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
: 31 CREFH 

I 
I 
I 
I 
I 
I 
I 
I 

CAEF 

I 30 CREFL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

!48 CIF 

0.1/,lf 

R20 100k!l 

c~.01µf 

TO 
~-i---+- DIGITAL 

I 
I 
I 
I 
I 
I 

SECTION 

____________ .,, 
45 
INT 

0.1µf 
CINT 



~ 
8 

ANALOG 
SECTION 

..,.... 
TSC818A 

INT 

45 

----l 
CtNT 

DIGITAL 
SECTION 

I 

DEINT I 28 

54 I 55 Ii'+ 26 

9V 

I 

I 
I JAD 

CLEAR H I ONE-SHOT CLEAR 

12 I DATA I 

11 SYNC 

9 CLK 

DIVIDER 

~"' TSC818D 

I 

' ' 

Vee 

20 

BAR-GRAPH M DISPLA y 
I COUNTER LATCH 

COUNT 

CLOCK 
L-

BACKPLANE 
PHASE II TRIPLEX 

GENERATOR DRIVERS 

G•o Vo1sP 

10 8 

I 

BARSO, 1, 2 . 
BARS 39, 40, OR 

.,, 
ii' 
c 
Ci! 
!'1 

~ 
;. 
2 

f 
Cil 
~ 
~ 
I» a 
Cil ; 
c 

-I en 
0 
~ 
o:> 

z m 
=E 
"ti 
:D 
0 c 
c: 
0 
-f 

z .,, 
0 
:D 
s::: 
:!i 
0 z 



AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

Table 2: TSC818 Numeric Display vs. 
Bar-Graph Segments 

Numeric Reading Bar-Graph Segments 

0-24 0 

25-74 1 

75-124 2 

• • • • • • 
((50'N)-25) to ((50*N)+24) N 

(where 1 :S N :S 40) 
• • • • • • 

1975-2024* 40 

>2024' OVR 

' Readings > 1999 will only occur in manual or expanded 
resolution modes. 

Resistance, Voltage, Current Measurement 
Selection 

The TSC818 is designed to measure voltage, 
current, and resistance. Auto-ranging is available for 
resistance and voltage measurements. The OHMS (Pin 
1) and I (Pin 60) input controls are normally pulled 
internally to Vee· 

By tying these pins to Digital Ground (Pin 55), 
the TSC818 is configured internally to measure resis
tance, voltage, or current. The required signal combi
nations are shown in Table 3. 

Table 3: TSC818 Measurement Selection Logic 

Function Select Pin 

OHM (Pin 1) I (Pin 60) Selected Measurement 

0 0 Voltage 

0 1 Resistance 

1 0 Current 

1 1 Voltage 

0 = Digital Ground 
1 = Floating or Tied to Vee 

Notes: 
1. OHM & I are normally pulled internally hightoVec (Pin26). This 

is considered a logic "1 ". 
2. Logic "O" is the potential at digital ground (Pin 55). 

Resistance Measurements-OHMS & Low 
Power OHMS 

The TSC818 can be configured to reliably 
measure in-circuit resistances shunted by semicon
ductor junctions. The TSC818 low power ohms measure
ment mode limits the probe open circuit voltage. This 
prevents semiconductor junctions in the measured 
system from turning on . 

In the resistance measurement mode the 
O/LOWO (Pin 59) input selects the low power ohms 
measurement mode. For low power ohms measure
ments O/LOWO (Pin 59) is momentarily brought low to 
digital ground potential. The TSC818 sets up for a low 
power ohms measurement with a maximum open 
circuit probe voltage of 0.35 V above analog common . 
In the low power ohms mode an LCD display annun
ciator, LOWO, will be activated. On power up the low 
power ohms mode is not active. 

If the manual operating mode has been selected, 
toggling O/LOWO will reset the TSC818 back to the 
auto-range mode. In manual mode, the decision to 
make a normal or low power ohms measurement 
should be made before selecting the desired range. 

The low power ohms measurement is not 
available on the 200 n full-scale range. Open circuit 
voltage on this range is below 2.8 V. 

The standard resistance values are listed in 
Table 4. 

Table 4: Ohms Range Ladder Network 

Full-Scale Standard Low Power 
Range Resistance Ohms Mode 

200 n 163.85 0 (R1) NO 

2000 n 1638.5 0 (R2) YES 

20 kO 16,385 n (R3) YES 

200 kO 163850 0 (R4) YES 

2,000 kn 1,638,500 n (R5) YES 

N/A = Not Available 

RB, a positive temperature coefficient resistor, 
and the 6.2 V zener, Z1 in Figure 1, provide input voltage 
protection during ohms measurements. 
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Ratiometric Resistance Measurements 
The TSC818 measures resistance ratio

metrically. Accuracy is set by the external standard 
resistors connected to Pin 33 through 37. A low-power 
ohms mode may be selected on all but the 200 n 
full-scale range. The low power ohms mode limits the 
voltage applied to the measured system. This allows 
accurate "in-circuit" measurements when a resistor is 
shunted by semiconductor junctions. 

Full auto-ranging is provided. External preci
sion standard resistors are automatically switched to 
provide the proper range. 

TSC818 

Figure 4 shows a detailed block diagram of the 
TSC818 configured for ratiometric resistance measure
ments. During the signal integrate phase the reference 
capacitor charges to a voltage inversely proportional to 
the measured resistance-RX. Figure 5 shows that the 
conversion accuracy relies only on the accuracy of the 
external standard resistors. 

Normally, the required accuracy of the standard 
resistances will be dictated by the accuracy specifi
cations of the user's end product. Table 5 gives the 
equivalent ohms per countforvarious full-scale ranges 
to allow users to judge the required resistor accuracy. 

Figure 4: Ratiometric Resistance Measurement Functional Diagram 

RS 
22<Hl 

AS/1638500 n 37 

R4/163850 n 3" 

R3/16385 n 35 

R2/1638.5 il J4 

Al/163.85 U 33 

i!! ~ 8 Q 

I- + + + + 

829 

1okn k s 

Hin 
-1.Skil 

OHMS . 

S30 

831 

832 

n·LOn 
833 

710k -i-lk +100 'i-10 -i-1 -1.5kil 

524 525 526 527 528 

823 DE·n 

31 S20 T4 CREF 

C.1µf 

30 818 E 

A6/100 kil 
29 S21 n 

BUFFER 

VCC- 2.6V 

4~ TSC818A 
,,~ - RATIO METRIC RESISTANCE MEASUREMENT -

DE 

._ ___ •1,.,,111Voo..,•n_:::.:47+----"•'-'"'<Y" o---<r""C 513 

Ax UNKNOWN 

-V-· _-l INT · (n + DC) 
1 INTEGRATOR COMPARATOR 

AilBUF 

220 kn 
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TSC818 
Table 5: Reference Resistors 

Full-Scale Reference 
Range Resistor 

200 163.85 

2 k 1638.5 

20 k 16385 

200 k 163850 

2M 1638500 

I VA=\ 0.64VForOHMS j 
! 0.32 V For LO OHMS \ 

+ 1 VR 

--'voo.,.•n~__, VR 

RS 
1&1ss kn CREF 

220" 

-----vx 

UNKNOWN ~ RX 

TO ANALOG 
BUFFER 

AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

Voltage Measurement 

OJ COUNT 

Resistive dividers are automatically changed 
to provide in range readings for 200 mV to 2000 V 
full-scale readings (Figure 2). The input resistance is 
set by external resistors R14/R13. The divider leg 
resistors are R9-R12. The divider leg resistors give a 
200 mV signal at VI (Pin 42) for full-scale voltages from 
200 m V to 2000 V. 

0.1 

1 

10 

100 

1000 

For applications which do not require a 10 Mn 
input impedance, the divider network impedances may 
be lowered. This will reduce voltage offset errors 
induced by switch leakage currents. 

Example: 200 k!l Full-SCale Measurement 

(a) 

(b) 

(c) 

VR = __ 1_6_3_.8_5_k_!_l __ x 0.64 
163.85 + 220 + RX 

VX = RX O 64 
163.85 k!l + 220 !l +RX x . 

+RX 

"Ramp Up Voltage"= "Ramp Down Voltage" 

.. VX X T1 = ~ ToE 
R1C1 R1C1 

Where'. 
R1 = Integrating Resistor, T1 = Integrate Time 
C1 = Integrating Capacitor,ToE = Deintegrate Time 

(d) RX=163.85( T~~ ) 

Independent of R1, C1 or Internal Voltage Reference 

Figure 5: Resistance Measurement Accuracy Set by External Standard Resistor 

External Crystal= 32.768 kHz 
~"'TSC818 ~~~~~~ATE ~:i~;'.E~;!TE Internal Clock Period = Tp = 2/32.768 = 61.04 µs 

PHASE PHASE . Total Conversion Time= TcoNV = 8000 (Tp) 

---- AUTO-ZERO ---1-1-NEXT CONVERSION - 488 3 - 2 CONV/SEC PHASE AUTO-ZERO CYCLE - • ms -

~~~~~~~N Integration Time= T1 = 1638.5 (Tp) = 100.0 ms 

I ~~~~s1No Maximum Reference Deintegrate Time 

/ = ToE = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
MIN. AUTO-ZERO FIXED '"MAX. 

T1ME 1638.5 T p 3000.0 T p 
= 2000 (TP) = 122.1 ms (Auto-Range) 

_______ 33s1.s r ___ r _._..... r ~ "IN AUTO-RANGE OPERAr10N Minimum Auto-Zero Time 
P I DE MAXIMUM IS 2000 Tp AND 

-~~~~,uT ~1~i~,u~ T:urn-ZERo nME = (8000-3000-1638.5) (TP) = 205.1 ms {Manual, Extended 
1~----TcoNv·•OOOTp- Resolution) 

= (8000-2000-1638.5) (TPI = 266.2 ms (Auto-Range) 

Figure 6: Basic TSC815 Conversion Timing 
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Current Measurement 
The TSC818 measures current only under 

manual range operation. The two user selectable full
scale ranges are: 20 mA and 200 mA. Select the current 
measurement mode by holding the I input (Pin 60) low 
at digital ground potential. The OHM input (Pin 1) is left 
floating or tied to the positive supply. 

Two ranges are possible. The 20 mA full-scale 
range is selected by connecting the 20 mA input (Pin 2) 
to digital ground. If left floating the 200 mA full-scale 
range is selected. 

External current to voltage conversion resistors 
are used at the 11 input (Pin 43). For 20 mA measure
ments a 10 n resistor is used. The 200 mA range needs 
a 1 n resistor. Full-scale is 200 m\/. 

PC board trace resistance between analog 
common and R16 (See Figure 1) must be minimized. In 
the 200 mA range, for example, a 0.05 n trace resistance 
will cause a 5% current to voltage conversion error at 11 

(Pin 43). 
The extended resolution measurement option 

operates during current measurements. 
To minimize rollover error the potential differ

ence between analog common (Pin 27) and system 
common must be minimized. 

CONTINUITY 
INDICATOR 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

CONTINUOUS 4 kHz 
BUZZER 

MANUAL 
RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

.., .... TSC818 

OVER-RANGE 
INDICATOR 

DISPLAY 
"1" 000 

DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 

EXTENDED 
RESOLUTION 
FEATURE 

.. MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2 Mn <RX <2.999 Mn 

Figure 7: Manual Range Selection; 
Resistance Measurement 

Measurement Options 
AC to DC Measurements 

TSC818 

In voltage and current measurements the 
TSC818 can be configured for AC measurements. An 
on chip operational amplifier and external rectifier 
components perform the AC to DC conversion. 

When power is first applied the TSC818 enters 
the DC measurement mode. For AC measurements 
(current or voltage), AC/DC (Pin 59) is momentarily 
brought low to digital ground potential; the TSC818 
sets-up for AC measurements and the AC liquid crystal 
display annunciator activates. Toggling AC/DC low 
again will return the TSC818 to DC operation. 

If the manual operating mode has been selected 
toggling AC/DC will reset the TSC818 back to the auto
range mode. In manual mode operation AC or DC 
operation should be selected first and then the desired 
range selected. 

The minimum AC voltage full-scale voltage 
range is 2 V. The DC full-scale minimum voltage is 
200 mV. 

AC current measurements are available on the 
20 mA and 200 mA full-scale range. 

RANGE 
SELECT 

DISPLAY 
TRUE 
READING 

YES 

YES 

NON-CONTINUOUS 

OUTPUT 4 kHz 
AUDIO 
FREQUENCY 

OVER-RANGE INDICATOR 

DISPLAY 
'T' 000 

"1" = '·FLASHING MSD 

YES DISPLAY LAST 
'>-------~-! 3 DIGITS 

ANO FLASH MSO 

~ ..... TSC818 

Figure 8: Manual Range Selection; 
Current Measurement 
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TSC818 

R°ANGE 
SELECT 

..,...TSC818 

OUTPUT NON
CONTINUOUS 
4 kHr AUDIO 
FREQUENCY 

• OVER-RANGE INDICATOR 

t 
YES DISPLAY 

"1" 000 

"1" "' >FLASHING MSD 

YES DISPLAY LAST 
>------~! 3 DIGITS ANO 

DISPLAY 
TRUE 
READING 

FLASH MSO 

EXTENDED RESOLUTION 
FEATURE 

Figure 9: Manual Range Selection; 
Voltage Measurement 

Conversion Timing 
The TSC818 analog-to-digital converter uses 

the conventional dual slope integrating conversion 
technique with an added phase that automatically 
eliminates zero offset errors. The TSC818 gives a zero 
reading with a zero volt input. 

The TSC818 is designed to operate with a 
32.768 kHz crystal. The 32 kHz crystal is low cost and 
readily available; it serves as a time base oscillator 
crystal in many digital clocks. (See External Crystal 
Sources). 

The external clock is divided by two. The 
internal clock frequency is 16.348 kHz giving a clock 
period of 61.04 µs. The total conversion - auto-zero 
phase, signal integrate and reference deintegrate -
requires 8000 clock periods or 488.3 ms. There are 
approximately two complete conversions per second. 

The integration time is fixed at 1638.5 clock 
periods or 100 ms. This gives rejection of 50/60 Hz AC 
line noise. 

The maximum reference deintegrate time, 
representing a full-scale analog input, is 3000 clock 
periods or 183.1 ms during manual extended resolution 
operation. The 3000 counts are available in manual 
mode, extended resolution operation only. In auto
ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the 
auto-zero phase. An auto-ranging or manual conversion 

takes 8000 clock periods. After a zero crossing is 
detected in the reference deintegrate mode, the auto
zero phase is entered. 

Figure 6 shows the basic TSC818 timing rela
tionships. 

YES 

DISPLAY·"1"000 
FLASH MSD 

N = O; 200.0 mV FULL-SCALE RANGE 
N = 1; 2.000 V FULL-SCALE RANGE 

N"'NK 

(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

EXTENDED 
RESOLUTION 

OVER-RANGE 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 10: Auto-Range Operation; 
Voltage Measurement 
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Manual Range Selection 
The TSC818 voltage and resistance auto

ranging feature can be disabled by momentarily bringing 
RANGE (Pin 56) to digital ground potential (Pin 55). 
When the change from auto-to-manual ranging occurs 
the first manual range selected is the last range in the 
auto-ranging mode. 

The TSC818 power-up circuit selects auto
range operation initially. Once the manual range option 
is entered, range changes are made by momentarily 
grouding the RANGE control input. The TSC818 re
mains in the manual range mode until the measurement 
function (voltage or resistance) or measurement option 
(AC/DC, O/LO n) changes. This causes the TSC818 to 
return to auto-ranging operation. 

The "Auto" LCD annunciator driver is active 
only in the auto-range mode. 

Table 6 shows typical operation where the 
manual range selection option is used. Also shown is 
the extended resolution display format. 

Extended Resolution Manual Operation 
The TSC818 extends resolution by 50% when 

operated in the manual range select mode for current, 
voltage, and resistance measurements. Resolution in
creases to 3000 counts from 2000 counts. The extended 
resolution feature operates only on the 2000 kn and 
2000 V ranges during auto-range operation. 

In the extended resolution operating mode, 
readings above 1999 are displayed with a blinking "1" 
most significant digit. The blinking "1" should be 
interpreted as the digit 2. The three least significant 
digits display data normally. The bar-graph LCD will be 
fully extended. 

An input overrange condition causes the most 
significant digit to blink and sets the three least 
significant digits to display "000". The buzzer output is 
enabled for input voltage and current signals with 
readings greater than 2000 counts in both manual and 
auto-range operation. 

For resistance measurements the buzzer signal 
does not indicate an overrange condition. The buzzer is 
used to indicate continuity. Continuity is defined as a 
resistance reading less than 19 counts. 
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TSC818 
-MEM Operating Mode 

Bringing MEM (Pin 58) momentarily low con
figures the TSC818 "-MEM" operating mode. The 
-MEM LCD Annunciator becomes active. In this oper
ating mode subsequent measurements are made rela
tive to the last two digits (:::::99) displayed at the time 
MEM is low. This represents 5% of full-scale. The last 
two significant digits are stored and subtracted from all 
the following input conversions. 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ai (N) = 18.21 kn (20 kn Range) :;;; Display 18.21 kn 
MEM :;;; Store 0.21 kn 

Ai (N + 1) = 19.87 kn (20 kn Range) 
:;;; Display 19.87 - 0.21 = 19.66 kn 

Ai (N + 2) = 22.65 kn (200 kn Range) 
:;;; Display 22.7 kn & MEM Disappears 

Example 2: In Fixed Range 200.0 n Full-Scale 

Ai (N) = 18.2 n :;;; Display 18.2 n 
MEM :;;; Store 8.2 n 

Ai (N + 1) = 36.7 n 
:;;; Display 36.7 - 8.2 = 28.5 n 

Ai (N + 2) = 5.8 n 
:;;; Display 5.8 - 8.2 = -2.4 n· 

• Will display minus resistance iffollowing input is less than offset 
stored at fixed range. 

Example 3: In Fixed Range 20.00 V Full-Scale 

Vi (N) = 0.51 V :;;; Display 0.51 V 
MEM :;;; Store 0.51 V 

Vi (N + 1) = 3.68 V 
:;;; Display 3.68 - 0.51 = 3.17 V 

Vi (N + 2) = 0.23 V 
:;;; Display 0.23 - 0.51 = -0.28 V 

Vi (N + 3) = -5.21 V 
:;;; Display -5.21 - 0.51 = -5.72 V 

On Power up the TSC818 "-MEM" mode is not 
active. Once the "-MEM" is entered bringing MEM low 
again returns the TSC818 to normal operation. 
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WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

The "-MEM" mode is also canceled whenever 
the measurement type (resistance, voltage, current, 
AC/DC, O/LO 0) or range. is changed. The LCD -MEM 
annunciator will be off in normal operation. 

In auto-range operation if the following input 
signal cannot be converted on the same range as the 
stored value, the "-MEM" mode is canceled. The LCD 
annunciator is turned off. 
The "-MEM" operating mode can be very useful in 
resistance measurements when lead length resistance 
would cause measurement errors. 

N = O; 200.0 n FULL-SCALE RANGE 
N = 1; 2.000 kll FULL-SCALE RANGE 

(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 

Figure 11: Auto-Range Operation; 
Resistance Measurement 

K" K+ 1 

OVER 
RANGE 

DISPLAY 
"1" 000 

FLASH MSO 

Automatic Range Selection Operation 
When power is first applied the TSC818 enters 

the auto-range operating state. The auto-range mode 
may be entered from manual mode by changing the 
measurement function (resistance or voltage) or by 
changing the measurement option (AC/DC, 0/LO 0). 

The automatic voltage range selection begins 
on the most sensitive scale first: 200 mV for DC or 2.000 V 
for AC measurements. The voltage range selection 
flow chart is given in Figure 10. 

Internal input protection diodes to V cc (Pin 26) 
and Vss (Pin 54) clamp the input voltage. The external 
10 MO input resistance (See Figure 1, R14 and H13) 
limits current safely in an overrange condition. 

The voltage range selection is designed to 
maximize resolution. For input signals less than 9% of 
full-scale (count reading <180) the next most sensitive 
range is selected. 

An ove.rrange voltage input condition is flagged 
whenever the internal count exceeds 2000 by activating 
the buzzer output (Pin 3). This 4 kHz signal can directly 
drive a piezo electric acoustic. transducer. An out of 
range input signal causes the 4 kHz signal to be on for 
122 ms, off for 122 ms, on .for 122 ms, and off for 610 ms 
(See Figure 16). 

During voltage auto-range operation the ex
tended resolution feature operates on the 2000 V range 
only (see extended resolution operating mode dis
cussion). 

vcc o-i--..-----, 
LOW BATTERY DETECTOR 

"1 

TO LCD 

"'>----;- :~LNE~~f6~TOR 
LOGIC 

vss 

LOW BATTERY ANNUNCIATOR DISPLAYED FOR VSUPPLV <l V 

Figure 12: Low Battery Detector 
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The resistance automatic range selection pro
cedure. is shown in Figure 11. The 200 0 range is the 
first range selected unless the TSC818 low ohms 
resistance measurement option is selected. In low 
ohms operation the first full-scale range tried is 2 kO. 

The resistance range selected maximizes sensi
tivity. If the conversion results in a reading less than 180 
the next most sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range 
operation a continuous 4 kHz signal is output at BUZ 
(Pin 3). An overrange input does not activate the buzzer. 

Out of range input conditions are displayed by 
a blinking most significant digit with the three least 
significant digits set to "000", and by the fully extended 
bar-graph. 

The extended resolution feature operates only 
on the 200 kO and 2000 V full-scale range during auto
range operation. A blinking "1" most significant digit is 
interpreted as the digit 2. The three least significant 
digits display data normally. 

Low Battery Detection Circuit 
The TSC818 contains a low battery detector. 

When the 9 V battery supply has been depleted to a 7 V 
nominal value the LCD display low battery annunciator 
is activated. 

The low battery detector is shown in Figure 12. 
The low battery annunciator is guaranteed to remain 
OFF with the battery supply greater than 7.0 V. The 
annunciator is guaranteed to be ON before the supply 
battery has reached 6.3 V. 

Triplex Liquid Crystal Drive 
The TSC818 directly drives a triplexed liquid 

crystal display (LCD) using 1/3 bias drive. All numeric 
data, decimal point, polarity and function annunciator 
drive signals are developed by the TSC818A. The bar
graph data is developed to the TSC818D. A direct 
connection to a triplex LCD display is possible without 
external drive electronics. Standard and custom LCD 
displays are readily available from LCD manufacturers. 

The LCDs must be driven with an AC signal 
having a zero DC component for long display life. The 
liquid crystal polarization is a function of the RMS 
voltage appearing across the backplane and segment 
driver. The peak drive signal applied to the LCD is: 
Vee - Vo1SP· 

7-111 

~~IPLEX f VH 
SEGMENT 
DRIVE 
LOGIC 

v, 

TSC818 

vcc 

50k 

50k 

50 k 

..,~TSC818A 
TSC818D ----+---0 VDISP 

Vp = VCC - VDISP 

"OFF" = Vp/3 RMS 

"ON" = -..fl1 Vp RMS 
,r, 

Figure 13: 1/3 Bias LCD Drive 

If Vo1sp, for example, is set at a potential 3 V 
below Vee the peak drive signal is: 

Vp =Vee - V01sp = 3 V 

An "OFF" LCD segment has an RMS voltage of 
V p/3 across it or 1 volt. An "ON" segment has a 0.63 VP 
signal across it or 1.92 V for Vee - V01sp = 3 V. 

Since the Vo1sP pin is available the user may 
adjust the "ON" and "OFF" LCD levels for various 
manufacturer's displays by changing V p· Liquid crystal 
threshold voltage moves down with temperature. 

"OFF" segments may become visible at high 
LCD operating temperatures. A voltage with a -5 to-20 
mV/° C temperature coefficient can be applied to V01sp 
to accommodate the liquid crystal temperature oper
ating characteristics if necessary. 

The TSC818A and TSC818D internally generate 
two intermediate LCD drive potentials (VH & VL) from 
resistive dividers (Figure 13) between Vee and V018p. 
The ladder impedance is approximately 150 kO. This 
drive method is commonly known as 1/3 bias. With 
Vo1sP connected to digital ground Vp = 5.0 V. 

The intermediate levels are needed so that 
drive signals giving RMS "ON" and "OFF" levels can be 
generated. Figure 14 shows a typical drive signal and 
the resulting wave forms for "ON" and "OFF" RMS 
voltage levels across a selected numeric LCD element. 
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LCD Displays 

AUTO-RANGING AID CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 

External Crystal 
Most users will design their own custom LCD 

display. However, for prototyping purposes, a standard 
display is available from Varitronix, Ltd. The prototype 
display configuration is shown in Figure 15. 

The TSC818 is designed to operate with a 
32,768 Hz crystal. This frequency is internally divided 
by two to give a 61.04 µs clock period. One conversion 
takes 8000 clock periods or 488.3 msec (= 2 conversions/ 
second). Integration time is 1638.5 clock periods or 
100 ms. 

Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 

The 32 kHz quartz crystal. is readily available 
and inexpensive. The 32 kHz crystal is commonly used 
in digital clocks and counters. 

Tel: 3-410286 
TELEX: 36643 VTRAX HX 
FAX: 3-7556033 

Part No. VIM-328-DP 

USA OFFICE: 
VL Electronics Inc. 
2775 Glendower Ave. 
Los Angeles, CA 90027 
Tel: (213) 661-8883 
TELEX: 821554 

FE AGO BCP 

BACKPLANES 
I I I 'I I I I 
1112131415161 
j I I I I I I 
l I t I I I I 
I I I I I I I 
I : I : I : : 

Vp (3 V) I I I I I I I 

BP1~i 
I ' I 
I I I 
I I I 

~~1~: ! 
VL· I I 

BP2 01----- 1-- __ I 
I 1 I 

I I 1 

~p: : : 
v"'=::Ch' C I I 

BP3 ol------l----
1 I ' 
' I 

Several crystal sources exist. A partial listing is: 

Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 

SEGMJ;NTS 

a (FE-BP1) 
"ON" 

b (BCP-BP1) 
"ON" 

c (BCP-BP2) 
"ON" 

d (AGD-BP3) 
"ON" 

e (FE-BP2) 
"OFF" 

f (FE-BP1) 
"OFF" 

0 
-v, 
-VH 
-Vp ' 

APPLIED 
RMS VOLTAGE 

Vp I 
VH I 
vl: I -
=~~"1---- --:- --- --1 VRMS"' ~~ Vp 

-Vp I : I 

~~_,~: _____ : ______ : v • V11 v 
=~~ I I . ; . RMS 3../J p 
-Vp I I I 

~u _____ b£i VRMS" '111vp 
=~~ :=u-----: 3,,/J 

V I I I 
VP I ! I 
VH I I I 

~.-J-=1----:--1- ---1 VRMS"' ~ 
=~~ : I : 3 

Vp : i : 
VH I 1 1 

Vl ~.:..:FU=u=I VAMS"' ~ 
=~~ \ : : 3 

I I I 

Waveforms to Generate 3 
g (AGD-BP2) 

"ON" 

~~:~: : 
_)~----- -----IVRMS"' V11 Vp 
-Vl I I I 3../J 

-v~ : ~ . I 

Figure 14: Triplex LCD Drive Waveforms 
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r --------------------....., 
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I I 
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L~~qQD~~Q~~~~~D.QJ~~~~~~~~J 

PAD BPl BP2 BPJ 

1 --- --- SCALE 
2 XO Xl X2 
J XS X4 XJ 
4 X6 X7 X8 
5 Xll XlO X9 
6 Xl2 XlJ Xl4 
7 Xl7 Xl6 XlS 
8 Xl8 Xl9 X20 
9 X2J X22 X21 
10 X24 X25 X26 
11 X29 X28 X27 
12 X30 X31 XJ2 
lJ X35 XJ4 XJJ 
14 X36 XJ7 XJ8 
15 --- X40 XJ9 
16 8Pl --- ---
17 --- 8P2 ---
18 --- --- 8PJ 

TSC818 

PAD BPl BP2 8PJ 

19 --- --- 8PJ 
20 --- 8P2 ---
21 8Pl --- ---
22 --- LOA A 
2J --- a v 
24 HOLD k m 
25 48 4C ---
26 4A 4G 4D 
27 4F 4E ---
28 J8 JC JP 
29 JA JG JD 
30 3F 3E ---
Jl 28 2C 2P 
32 2A 2G 2D 
JJ 2F 2E ---
J4 18 lC lP 
JS z -HEH ---
J6 AC y AUTO 

Figure 15: Typical LCD Display Configuration TSC818 Triplex 

Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 

Contact manufacturer for full specifications. 

"Buzzer'' Drive Signal 
The TSC818 BUZ output (Pin 3) will drive a 

piezoelectric audio transducer. The signal is activated 
to indicate an input overrange condition for current 
and voltage measurements or continuity during resis
tance measurements. 

During a resistance measurement a reading 
less than 19 on any full-scale range causes a continuous 
4 kHz signal to be output. This is used as a continuity 
indication. 

A voltage or current input measurement over
range is indicated by a non-continuous 4 kHz signal at 
the BUZ output. The LCD display MSD also flashes and 
the three least significant digits are set to display zero. 
The buzzer drive signal for overrange is shown in 
Figure 16. The buzzer output is active for any reading 
over 2000 counts in both manual and auto-range 
operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from Vee (Pin 26) to 
Digital Ground (Pin 55). The signal is at V cc when not 
active. 

The buz output is also activated for 15 ms 
whenever a range change is made in auto-range or 
manual operation. Changing the type of measurement 
(voltage, current, or resistance) or measurement option 
(AC/DC, O/LO 0) will also activate the buzzer output 
for 15 ms. A range change during a current measure
ment will not activate the buzzer output. 

Vendors for piezo electric audio transducers 
are: 
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Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical P/N's: 102-95NS, 101-FB-OO 

Taiyo Yuden (USA) Inc. 
Arlington Center 
714 West Algonquin Road 
Arlington Hts, Illinois 60005 
Typical P/N's: CB27BB, CB20BB, CB355BB 

Display Decimal Point Selection 
The TSC818 provides a decimal point LCD 

drive signal. The decimal point position is a function of 
the selected full-scale range as shown in Table 7. 

vcc 

Table 7: Decimal Point Selection 

Full-Scale Range 

2000 V, 2000 kO 

200.0 V, 200.0 kO 

20.00 V, 20.00 kO 

2.000 V, 2.000 kO 

200.0 mV, 200.0 fl 

20.00 mA 

200.0 mA 

122 ms 610 ms 122ms 

DIGITAL 
GROUND 

4 kHz SIGNAL 

1 . 9 
DP3 

OFF 

OFF 

OFF 

ON 

OFF 

OFF 

OFF 

. 
DP2 

OFF 

OFF 

ON 

OFF 

OFF 

ON 

OFF 

Non-Continuous Buzzer Signal Indicates Input Overrange 

POWER UP i V1N•250mV 

: 1~ ;r 'T 
I 1000 CLOCK PULSES I 
I I 

I 

CHANGE 
RANGE .I 

I 

CHANGE 

RAr 

I 

CHANGE 
RANGE 

f I 
I 

CHANGE INPUT 
VIN"' 3,2V 

' 

9 

! INTEGRATE I 

INTERNAL ! 
TSC81BA I 
SIGNALS DEINTEGRATE :---'-----' ~--~~---~~---~11~--~"'~-~-~r--i: 

2500 CP 250 CP 3000 CP : 

AUTO-:ZERO 1;--~--, 
I 
I 

250 CP 250CP 

I 
I 
I 
I 

I 
I 
I 

I I 
------AUTO-RANGING -----<-------~--MANUAL RANGE----------<~ 

' I I 
~v~~RRA"NNGGEE I 2.~~A~~NEGE 2.~RvA:~~GE : EX~~NmD~~~~~~E i 2.~RvA:~~GE 2.000 V RANGE 

OUT-OF-RANGE 

• 
DP1 

OFF 

ON 

OFF 

OFF 

ON 

OFF 

ON 

I : 

~~~ 31 ::-----:--1111111111r-i1111111111r-----~,~-----,,r:-----~;-,1111111111r--,,11111"'"r------'--,,1111111111 
I I I 

~ONEC~CLEOF~ DUETOMANUlL 1DU~J~ ~~~J~ t j,22mih22mJ122m1~610ms~ 

9 

1 4kKz 4kHz -----tH--15ms 15msl 15msl 4kHz 4kHzl 1 I 
I OVERRANGE BUZZER I RANGE CHAN E :~~ANGE CHANGE1 i I 1 BUZZER 

I BUZZER AC;IVATED DUE I I BUZZ1ER ACTltATED DUE lo t ~~~~~TED 
TO POWER UP PREVIOUS CONVERSION OVER RANGE PREVIOUS 

Figure 16: TSC818 Timing Waveform for Buzzer Output 
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AC to DC Converter Operational Amplifier 
The TSC818 contains an on chip operational 

amplifier that may be connected as a rectifier for AC to 
DC voltage and current measurements. Typical oper
ational amplifier characteristics are: 

• Slew Rate: 1 V/µs 
• Unity Gain Bandwidth: 0.4 MHz 
• Open Loop Gain: 44 dB 
• Output Voltage Swing (Load = 10 kO) ± 1.5 V 

(Reference to Analog Common) 

When the AC measurement option is selected 
the input buffer receives an input signal through switch 
S14 ratherthan switch S11 (see Figure 2). With external 
circuits the AC operating mode can be used to perform 
other types of functions within the constraints of the 
internal operational amplifier. External circuits that 
perform true RMS conversion or a peak hold function 
are typical examples. 

Component Selection 
Integration Resistor Selection 

The TSC818 automatically selects one of two 
external integration resistors. RVIBUF (Pin 52) is se
lected for voltage and current measurement. ROBUF 
(Pin 51) is selected for resistance measurements. 

RVIBUF Selection (Pin 52) 
In auto-range operation the TSC818 operates 

with a 200 mV maximum full-scale potential at VI (Pin 
42). Resistive dividers at VR2 (Pin 39), VR3 (Pin 38), 
VR4 (Pin 41) and VR5 (Pin 40) are automatically 
switched to maintain the 200 mV full-scale potential. 

In manual mode the extended operating mode 
is activated giving a 300 mV full-scale potential at VI 
(Pin 42). 

The integrator output swing should be maxi
mized but saturations must be avoided. The integrator 
will swing within 0.45 Vof Vee (Pin 26) and 0.5 V ofVss 
(Pin 54) without saturating. A ±2 V swing is suggested. 
The value of RVIBUF is easily calculated assuming a 
worst case extended resolution input signal: 

V1NT = Integrator Swing = ±2 V 
T1 = Integration Time = 100 ms 
C1 = Integration Capacitor = 0.1 µF 
VMAX = Maximum input at V1 = 300 mV 

RVIBUF = VMAX (Ti) = 150 kO 
V1NT (C1) 

TSC818 
ROBUF Selection (Pin 51) 

In ratiometric resistance measurements the 
signal at Rx (Pin 47) is always positive with respect to 
analog common. The integrator swings negative. 

The worst case integrator swing is for the 200 
0 range with the manual, extended resolution option. 

The input voltage VX (Pin 47) is easily calculated 
(Figure 17). 

Vee,, g v 

R1 163.85fl. 

R9 220.!l 

~Vx 

Ax 300.11 

'7 ANALOG COMMON "'Vee - 3 v 

Figure 17: ROBUF Calculation (200 0 Manual 
Operation) 

V ANeOM = Potential at Analog Common = 2.7 V 
Rs = 220 n 
R1 = 163.85 0 
Rx = 300 n 
Rs = Internal Switch 33 Resistance = 600 0 

ROBUF = (Vee - VANCOMl Rx = 0.63 v 
(Rx + Rs + R1 + Rs) 

For a 3.1 V integrator swing the value of 
ROBUF is easily calculated: 

V1NT = Integrator Swing = 3.1 V 
T1 = Integration Time = 100 ms 
C1 = Integration Cap. = 0.1 µF 
Rx Max= 300 0 
Vx Max = 700 mV 

ROBUF = (Vx MAX) (Ti) 220 kO 
C1 (VINT) 
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With a low battery voltage of 6.6 V analog 
common will be approximately 3.6 V above the negative 
supply terminal. With the integrator swinging down 
from analog common toward the negative supply a 3.1 V 
swing will set the integrator output to 0.5 V above the 
negative supply. 

C1NT1 CAz and CREF Capacitors 
The integration capacitor, CiNT• must have low 

dielectric absorption. A 0.1 µF polypropylene capacitor 
is suggested. The auto-zero capacitor, CAz, and refer
ence capacitor, CREF· should be selected for low 
leakage and dielectric absorption. Polystyrene capa
citors are good choices. 

Reference Voltage Adjustment 
The TSC818 contains a low temperature drift 

internal voltage reference. The analog common poten
tial (Pin 27) is established by this reference. Maximum 
drift is a low 75 ppm/°C. Analog common is designed to 
be approximately 2.6 V below Vee (Pin 26). A resistive 
divider (R18/R19, Figure 1) sets the TSC818 reference 
input voltage (REFHI, Pin 32) to approximately 163.85 
mV. 

With an input voltage near fu II-scale on the 200 
mV range, R19 is adjusted for the proper reading. 

Display Hold Feature 
The LCD display will not be updated when 

HOLD (Pin 57) is connec.ted to Ground (Pin 55). 

Conversions are made but the display is not updated. A 
HOLD Mode LCD annunciator is activated when HOLD 
is low. 

The LCD HOLD annunciator is activated 
through the triplex LCD driver signal at Pin 12. 

Flat Package Socket 
Sockets suitable for prototype work are avail

able. A USA source is: 

Nepenthe Distribution 
2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 

"CBQ" Socket Part No. IC51-064-042 

Resistive Ladder Networks 
Resistor attenuator networks for voltage and 

resistance measurement are available from: 

Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 

Attenuator 
Accuracy 

0.1% 
0.25% 
0.25% 

Attenuator Cad dock 
Type Part Number 

Voltage 1776-C441 
Voltage 1776-C44 

Resistance T1794-204-1 

60-Pin Plastic Flat Package 

"BQ" Package - Formed Leads 

(Package #21) 
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SEMICONDUCTOR 
The Analog Signal Processing Companyr• 

TSC825 
ONE-PERCENT ANALOG-TO-DIGITAL CONVERTER 
WITH LCD BAR GRAPH DRIVE 

FUNCTIONAL DIAGRAM 

DIFFERENTIAL ! • 
ANALOG 
INPUT 

DIFFERENTIAL { 
REFERENCE 
INPUT 

•IN 

-IN 

ANALOG COMMON/ 
VREF OUTPUT 

+REF 

9V 

4~TSC825 

FEATURES 
• One-percent LCD bar graph readout 

with triplex LCD display, 101 data segments, 
over-range and under-range annunciators 

• Display HOLD input 
• Differential analog input 
• Differential reference for ratiometric 

measurements 
• 100mVto2.0Vfull-scale 
• 9 V battery or ±5 V supply operation 
• 10mWpowerdissipation 
• 68-lead PLCC package that permits either 

surface or socket mounting 

Rose 

,..... 1 % ADC WITH 
LCD DISPLAY DRIVE 

ANNUNCIATOR 
DRIVE 

- n n n 000nn11.----UNDERR------.ANGE' 

-- , Li Li Li u Li . OVERRANGE TRIPLEX LCD BAR-GRAPH DISPLAV 

._0_1 _2 --99"'-1""00-------' 1% !100 DATA PLUS ZERO) RESOLUTION 

©1987 
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TSC825 
GENERAL DESCRIPTION 

For rapid recognition, a graphical display is 
preferred over a digital display. For example, knowing 
that a process or system operates within design limits 
is more valuable than a direct system variable readout. 
A bar graph display supplies information precisely 
without requiring further interpretation by the viewer. 

The TSC825 is a complete integrating analog
to-digital converter with triplex liquid crystal (LCD) 
display drive. A 101-element LCD bar graph directly 
connects to the TSC825 providing 1 % resolution. LCD 
annunciators flag under-range and over-range inputs. 

While the LCD bar graph displays 101 seg
ments, the TSC825 AID converter operates with 0.1 % 
resolution. The expanded internal resolution reduces 
noise and flicker in the LCD display. 

Operating from a single 9 V battery or from 
±5 V supplies, the CMOS TSC825 dissipates only 15 
mW. Differential inputs accept positive polarity input 
signals from 100 mV to 2.0 V full-scale. A 50 ppml°C 
low drift voltage reference is also included on the chip. 
The dual-slope integrating conversion method with 
auto-zero and zero-integrator phases maximizes 
noise immunity and ensures rapid recovery from input 
over-ranges. 

Pin Configuration 

SEGMENT DRIVERS FOR LCD DISPLAY 

~"' TSC825 

68-LEAO PLASTIC 

LEADED CHIP CARRIER (PLCC) 

11 VOISP 

NEW PRODUCT INFORMATION 

Ordering Information 

Part No. Package Temperature 
Range 

TSC825CLS 68-lead PLCC 0 to 70°C 

The TSC825 is available in a 68-lead plastic leaded 
chip carrier (PLCC). For a 2.5% resolution AID con
verter with bar graph output, see the TSC826 data 
sheet. For a 1 % resolution AID converter with bar 
graph output, serial data output and dual set points see 
the TSC827 data sheet. 

11 ANNUNCIATOR 

NOTES: 1. For Segment Driver Assignments, See Table• 
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Absolute Maximum Ratings 
Supply voltage (V;to Vj ................... 15 V 
Reference voltage (REF+ or REF-) (Note 1 ) .. v;to v; 
Input voltage (+IN or -IN) (Note 1 ) ......... v;to v; 
v"'" ........................ v;to DGND - 0.3 v 
Digital input (Pin 64) ................ .v;to DGND 
Integrator input (Pin 4) .................. v;to v; 
Power dissipation (Note 2) .............. BOO mW 
Operating temperature range .......... o to +70°C 
Storage temperature range ......... -65 to + 150°C 
Lead soldering temperature (1 O sec) ........ 300°C 

TSC825 

Notes 
1. Input voltages may exceed the supply voltage provided input 
current is limited to ± 100 µA. Currents above this value may result 
in invalid display readings but will not destroy the device if limited 
to ±1 mA. 

2. Dissipation ratings assume device is mounted with all leads 
soldered to printed circuit board. 

Stresses above those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications 
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Electrical Characteristics : v, = ± 5 V, R0 sc = 160 kn, T, = 25°C, full-scale= 1 oo mV 
unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Zero input reading V"= 0.0 V Under- 0 0 
rarig_e 

Zero reading drift V"= 0.0 V 0.2 1 

NL Linearity error 0°c .s T, .s +70°C -1 0.5 +1 
max deviation 
from best straight line 

EN Noise V"=OV 25 

I" Input leakage V,N= 0 v 10 50 
current 

CMRR Common mode VCM = ± 1 v 70 
rejection ratio V,N= 0 v 

Scale factor temp 0°C .s T, .s +70°C 1 
coefficient external ref temp 

coefficient = 0 ppm/°C 

v COMMON Analog common 250 kn between 3.1 3.3 3.5 
voltage v_._ and common 

VCTC Analog common 0°C .s T, .s +70°C 50 
temp coefficient 

Conversion rate For Rose• see Figure 12 1 7.5 15 
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TSC825 
Electrical Characteristics : V, = ± 5 V, Rose= 160 kn, TA= 2s0 c, full-scale= 1 oo mV 
unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

V,, Full~scale input +0.1 +2.0 
range 

VOM Common mode v,-+ 1 v:-1 v:- 1.3 
input range V~+ 0.6 

VSD LCD segment V'"' = DGND 4 5 6 
drive voltage 

V,, LCD backplane V'"' = DGND 4 5 6 
drive voltage 

I, Supply current v, = ± 5 v 1.4 2.0 

Pin Description and Function 

Pin No. Name 

-IN 

2 +IN 

3 BUFF 

4 INTIN 

5 INT OUT 

6 v+ 
s 

7 OSC, 

8 OSC, 

11 Annunciator 

12 VOISP 

Description 

Negative signal analog input 

Positive signal analog input 

Buffer output. Connect to integration resistor. 

Negative integrator input. Connect to auto-zero capacitor. 

Integrator output. Connect to integration capacitor. 

Positive supply voltage. Typically + 9 V battery or 
+ 5 V supply. 

Oscillator resistor (Rose) connection. 

Oscillator resistor (Rose) connection. 

Annunciator driver. Output is a square wave at the 
backplane frequency. Any LCD segment attached to 
annunciator will be turned on. 

Sets LCD display voltage drive level. Normally connected 
to DIGITAL GND (DGND). 
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TSC825 
Pin Description and Function (continued) 

Pin No. Name Description 

13 BP1 Backplane 1 of LCD display 

14 BP2 Backplane 2 of LCD display 

15 BP3 Backplane 3 of LCD display 

16-52 0-98 Segment drivers for bars O through 98 of LCD display 

53 UR, 100, 99 Segment drivers for under-range, 100, 99 II 
54 OR Segment driver for over-range segment 

59 DGND Digital ground. Internal reference voltage for internal logic 
and LCD display. Do not connect to power supply ground. 
Connect a 10 µF capacitor from DIGITAL GND TO v;(Pin 
6). See applications section for details. 

64 HOLD Display HOLD input. If held low (i.e., connected to DGND), 
conversions will continue but display is not updated. 

65 v; Negative supply voltage input. Typically battery ground or 
- 5 V supply. 

66 COM Analog common. Establishes the internal analog ground 
point. ANALOG COMMON is set 3.3 V below the positive 
supply by an internal zener reference circuit. The voltage 
difference between v; and ANALOG COMMON can be used 
to supply the TSC825 voltage reference. 

67 REF+ Differential reference input positive 

68 REF- Differential reference input negative 

Note: Pins 9, 10, 26, 27, 43, 44, 55, 56, 57, 58, 60, 61, 62 and 63 are NC (no internal connection). 
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TSC825 
Typical Schematic 

ANALOG 
INPUT 

12 59 

v; VDISP DGND 

..,'" 
TSC825 

DISPLAY HOLD 

64 

HOLD 

SEGMENT 
DRIVERS 

INT IN (Pin Numbers Shown are 
for 68-Lead P LCC) 

INT OUT ANNUNCIATOR 

~--, ... osc1 
BP1 t-1~3 --~ 

100 
90 
80 

30 
20 
10 
0 

•• ,,_1•-----~ 
BPJ,_1_5 ------~ 

Rose= 1&0 k 
RlNT "'40 k 
CAz = 0.47 µF 
CINT = 0.15 µF 
!See Text) 

65 

BATTERY 
GND 

Dual Slope Conversion Principles 
The TSC825 is a dual slope, integrating ana

log-to-digital converter. The dual slope converter 
measurement cycle has two distinct phases: 

• Input signal integration 
•Reference voltage integration (deintegrationj: REF 

VOLTAGE 

,_ 

LCD 
DISPLAY 

The input signal being converted is integrated 
for a fixed time period (T,,). Time is measured by 
counting clock pulses. An opposite polarity constant 
reference voltage is then integrated until the integrator 
output voltage returns to zero. The reference integra
tion time is directly proportional to the input signal (T,,) 
(Figure 1.) l~z VIN"' 1/2 VFULL-SCALE 

VIN"' VFULL-SCALE 

In a simple dual slope converter, a complete 
conversion requires the integrator output to ramp up 
and ramp down. 

A simple mathematical equation relates the 
input signal reference voltage and integration time: 

_1_ 
RC 

~i---1 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

Figure 1 : Dual Slope Converter Block Diagram 

where: 
V" = Reference voltage 
T., =Signal integration time (fixed) 
T "' = Reference voltage integration time (variable) 
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For a constant V1N : 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as 
they are stable during a measurement cycle. An 
inherent benefit is noise immunity. Noise spikes are 
integrated or averaged to zero during the integration 
periods, making integrating ADCs immune to the large 
conversion errors that plague successive approxima
tion converters in high noise environments. Interfering 
signals with frequency components at multiples of the 
averaging period are attenuated (Figure 2). 

30 

~~ 
201---+--+-+-t-+-+-KH+--H++-~~'+-t-+-t-H1 v'} 
10 l----+--+-~,..+-1'++-1.IL~/--+--+--+-+-+-H+t 

0.1/T 1/T 
INPUT FREQUENCY 

Figure 2: Normal-Mode Rejection 
of Dual Slope Converter 

10/T 

The TSC825 converter improves upon the 
conventional dual slope conversion technique by in
corporating auto-zero and zero-integrator phases. 
The auto-zero phase eliminates zero-scale offset er
rors and drift. The zero-integrator phase provides 
rapid recovery from input over-range conditions. 

THEORY OF OPERATION 
Conversion Resolution and Timing 

The TSC825 displays the analog input as 101 
segments, but internally the AID conversion has a 
resolution of 1,000 counts. The expanded internal 
resolution greatly reduces noise and jitter of the bar 
graph display. Because of the expanded internal 
resolution, each measurement cycle consists of 4,000 
cycles of the TSC825 internal clock. 

TSC825 
Analog Section 

In addition to the basic signal integrate and 
deintegrate phases, the TSC825 incorporates auto
zero and zero-integrator phases. The auto-zero phase 
removes buffer amplifier, integrator and comparator 
offset voltage error terms from the conversion. The 
zero-integrator phase ensures quick recovery from an 
input overload. A complete conversion consists of four 
phases: 

•Auto-zero 
•Integrate 
• Deintegrate 
•Zero integrator. 

(See figures 3 and 4.) 

Auto-Zero Phase 
During the auto-zero phase the differential 

input signal is disconnected from the circuit by opening 
internal analog gates. The internal nodes are shorted 
to analog common (internal analog ground) to estab
lish a zero input condition. Additional analog gates 
close a feedback loop around the integrator and 
comparator, permitting comparator offset voltage error 
compensation. The voltage level established on C., 
compensates for device offset voltages. The auto
zero phase is 1,500 clock cycles. 

Signal Integration Phase 
The auto-zero loop is opened and the internal 

differential inputs connect to +IN and -IN. The differen
tial input signal is integrated for a fixed time period. The 
TSC825 signal integration period is 1 ,000 clock cycles 
or counts. The externally set clock frequency is divided 
by 2 before clocking the internal counters. The integra
tion time period is: 

T = - 2- 1000 
51 Fasc 

where Fasc= Clock frequency (at OSC2 pin). 
The differential input voltage must be within 

the device common-mode range when the converter 
and measured system share the same power supply 
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TSC825 

DEINT 

AEF+O-----i)O---...., 

DEINT 
REF- 0------00---, 

INT 

AZ 

AZ+ ZI 

~~~~~<>-------41--o<>-----------
INT 

-INPUT0--------+--1./<'J---------~ 

Figure 3: TSC825 Analog Section 

FROM 
DIGITAL 
CONTROL 
SECTION 

1:=~; 
14--- DEINT -·I /Vt. ANALOG 

\OI SWITCH 

ZI 

"'6.3 v 

AUTQ..ZEAO 
PHASE (AZ) 

~~'f~~~ATE ~*">---R-EF~~~E(:ft)TEGRA_T_E _ _.+-- ZERO-INTEGRATOR 
..,__ PHASE !Sii IDEINTEGRATE) PHASE (Zll 

INTEGRATOR 
OUTPUT 

ANALOG 
COMMON 
POTENTIAL 

INTERNAL SYSTEM 
CLOCK IFSYS) 

t'iT,.~~N"1>i~~A·l--------+-------+-----I 
SIG.HAL . 

1500 COUNTS 1000 COUNTS 

--------ONE CONVERSION CYCLE 

Figure 4: TSC825 Conversion Has Four Cycles 

1500 to 499 COUNTS !See Tot) 
NUMBER OF _j 

COUNTS .... 
PROPORTIONAL 

TO V 1001 COUNTS 
MAXIMUM 

1 
= 4000 COUNTS ITcoNv = 4000 x Fgy~ I 
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common (ground). If the converter and measured 
system do not share the same power supply common, 
-IN should be tied to analog common. This is the usual 
connection for battery operated systems. 

Reference Integrate Phase 
The third phase is reference deintegrate. V,:is 

connected internally to REF+ and v,:is connected to 
REF-. The time for the integrator output to return to 
zero is proportional to the input signal and is between 
O and 1,000 counts. The digital reading displayed is: 

100 

while the internal conversion result is: 

1000 ~ 
VREF 

As with the analog input, the differential refer
ence input must be within the common mode range (V; 
+ 1.0 V to v;- 1.3 V). Although only 100 LCD segments 
are displayed, this phase lasts a maximum of 1,001 
counts. The final count will detect an input over-range 
condition and set the over-range LCD segment on. 

Zero-Integrator 
The fourth Phase is zero-integrator. The 

comparator output is connected to v,;, causing the 
integrator output to return to O V. This phase ensures 
a rapid recovery from input over-range conditions. 

Zero-integrator phase lasts a minimum of 499 
counts. Also, unused reference integrate counts are 
spent in Z-1. The Z-1 phase is therefore variable, and 
will be: 

499 + (1,001 - reference integrate counts). 

System Timing 
The oscillator frequency is divided by 2 prior to 

clocking the internal counters. The four-phase meas
urement cycle takes a total of 4,000 clock pulses. The 
4,000-count cycle is independent of input signal mag
nitude. 

Phase lengths of the measurement cycle are: 

•Auto-zero phase--1,500 counts 
•Signal integrate--1,000 counts 

TSC825 
This time period is fixed. The integration period is: 

Ts1 = 1000 f-2-] l Fosc 

Where ~sc is the externally set clock frequency. 

• Reference integrate--0 to 1,001 counts 
• Zero-integrator--499 to 1,500 counts 

For signals less than full scale, the zero-integrator 
phase is assigned the unused reference integrate time 
period. 

Differential Signal Inputs 
The TSC825 is designed with true differential 

inputs and accepts input signals within the input stage 
common-mode voltage range (V0.). The typical range 
is v;-1.3V to v; +1V. Common-mode voltages are 
removed from the system when the TSC825 operates 
from a battery or floating power source (isolated from 
measured system) and -IN is connected to analog 
common (V0°"). In this case, analog common provides 
a common mode bias point about 3.3 V below the 
positive supply (Vi). 

In systems where common-mode voltages 
exist, the TSC825's 70 dB common-mode rejection 
ratio minimizes error. Common-mode voltages do, 
however, affect the integrator output level. Integrator 
output saturation must be prevented. Since the 
TSC825 will only convert positive input voltages, the 
worst-case condition exists if a large negative V0 " 

exists in conjunction with a full-scale differential signal. 
The input signal drives the integrator output negative 
along with V CM" For such applications, the integrator 
output swing can be reduced below the recommended 
3.0 V full:scale swing. The integrator output will swing 
within 0.3 V of v: without increased linearity error. 

Differential Reference Inputs 
(REF+, REF-) 

The TSC825 reference, like the analog signal 
input, has true differential inputs. The same common
mode limits apply to both the analog and the reference 
inputs. The reference voltage (between REF+ and 
REF-) should be set equal to the desired full-scale 
voltage. As with the analog signal input, the reference 
voltage (measured from REF+ to REF-) must have a 
positive polarity. 
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Analog Common (COM) 
This pin sets the common-mode voltage for 

battery operation or for any system where the input 
signals are floating with respect to the power supply. 
Analog common is set approximately 3.3 V more 
negative than the positive supply. 

Analog common can be used as the TSC825 
reference. Typical specifications are output voltage of 
3.3 V and temperature coefficient of 50 ppm/"C. An 
external reference such as a TSC04 or TSC05 can 
also be used. The circuit is shown in Figure 5. 

Analog common is also used as the V~return 
during auto-zero and zero-integrator cycles. If v,: is at 
a different potential than analog common, a common-

TSC04• 
OR 

TSC05* 

Vg 

>----6 
.... 
7 

REF' "" 
TSC825 

68 
-----REF-

66 
~--~ANALOG COMMON 

FOR FULL~SCALE VOLTAGE <1.0 V, 

~~~ ~:· FOR VFS ;;.1.0 V, 

Figure 5: Using the TSC825 With 
an. External Reference 

mode voltage exists in the system and is attenuated by 
the CMRR or the converter. However, in some appli
cations V~ will be set at a fixed voltage (power supply 
common, for example) that is more negative than 
analog common. In this case, analog common should 
be tied to the same point, thus removing the common
mode voltage from the converter. The same holds true 
for the reference voltage. If REF- can be conveniently 
referenced to analog common it should be, since this 
removes the common-mode voltage from the refer
ence system. 

Within the IC, analog common is pulled 3.3 V 
below v; by an N-channel FET that can sink 5 mA. 
However, there is only 12 µA of source current, so 
analog common can easily be tied to a more negative 
voltage. Doing so overrides the internal reference 
function of analog common, however, so an external 
reference must be used. 

NEW PRODUCT INFORMATION 

Digital Section 
The TSC825 digital section includes a clock 

generator, AID conversion counters and control logic 
and display drivers for a 101-segment LCD bar graph. 

A single resistor sets the internal oscillator 
frequency. The oscillator output is divided by 2 for the 
AID converter clock and further divided by 64 for the 
six-cycle backplane generator. An oscillator resistor of 
160 k!l will give an oscillator frequency of about 60 kHz 
and AID conversion rate of 7.5 conversions per sec
ond. (See Figure 12.) 

The TSC825 drives a triplexed LCD display. 
Three backplane and 35 segment drivers yield 103 
display segments, arranged as 0 through 100 analog 
divisions plus under-range and over-range annuncia
tors. All data formatting and backplane/segment 
waveform generation are accomplished on chip. 

Data Display Versus Analog Input 
The TSC825 transfer function is shown in 

Figure 6. Inputs less than O V will result in an under
range condition. The under-range and zero segments 
of the LCD display will be on. For analog inputs from 
0 V to full-scale, the appropriate LCD segments will be 
on. 

The 100 segment of the LCD display is on 
when the internal AID. conversion result is ~ 1,000 
counts. When the analog input equals or exceeds 
1,001 counts, an over-range condition exists and the 
over-range LCD segment will then be on. 

Display Hold (HOLD) 
The HOLD input can be used to hold or freeze 

the conversion reading. Connecting the HOLD pin to 
digital ground (i.e., logic low) prevents the display 
latches from being updated. The display will therefore 
be frozen at the value present when Pin 64 went to a 
logic low. The converter will continue to operate, 
however, so that when Pin 64 is disconnected from 
DGND the next conversion will be correct. 

The HOLD pin is designed to be controlled by 
a mechanical switch. If control by external logic is 
required, an open collector or three-state gate must be 
used. 

No external LCD annunciator is provided to 
indicate that the TSC825 is in the HOLD mode. How
ever, the display annunciator output can be used for 
this purpose (Figure 7). 
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Figure 6: TSC825 Transfer Function 

APPLICATION INFORMATION 
Power Supplies 

The TSC825 is designed to operate from a 
single power supply, over a range of 7 V to 15 V. 
Supply current requirements are typically only 1 .4 mA, 
so operation from a single 9 V battery is possible 
(Figure 8). For battery operation, analog common 

w 
TSC825 HOLD 

OGND>----~ 

ANNUNCIATOR t-------~ 

BPI 1--------~ 

Figure 7: HOLD Mode Annunciator 

LCD DISPLAY 

HOLD 

TSC825 
(COM, Pin 66) provides a common-mode bias voltage. 
(See discussion of analog common.) However, meas
urements cannot be referenced to battery ground. To 
do so will exceed the negative common-mode voltage 
limit of v; + 1 V. If measurements must be referenced 
to battery ground, a low voltage battery source should 
be used as described below. 

Low Voltage Battery Source 
A battery with voltage between 3.5 and 7 V can 

be used to power the TSC825 when used with the 
TSC7660 voltage doubler (Figure 9). With this con
figuration, measurements can be referenced to either 
analog common or battery ground. 

v~ 
REF+ 10 .u.F 

DGND REF-

- 9V 

VmsP 
COM 

..,.... •IN 

TSC825 
-IN 

v5 

Figure 8: Powering the TSC825 
from a Single 9 V Battery 

VIN 

The TSC825 can also operate from ± 5 V 
supplies (Figure 10). Measurements are made with 
respect to power supply ground. Digital ground 
(DGND, Pin 59) must not be connected to power 
supply ground. (See "Digital Ground".) If only a single 
+5 V supply is available, the TSC7660 can be used to 
provide a negative supply as in the low-voltage battery 
operation (Figure 9). 

Digital Ground (DGND) 
Digital ground is generated from an internal 

zener diode (Figure 11 ). The voltage between v;and 
DGND is the internal supply voltage for the digital 
section of the TSC825. DGND will sink a minimum of 
20 mA but will only source about 500 µA. A 10 µF 
capacitor must be connected between DGND and v; 
(Pin 6) to compensate the DGND amplifier. 
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10 µF Vs 

-=- 3.5 v (0 6 v DGND REF-

COM 

VOISP 

~ 
•IN 

TSC825 

-IN 

v;; 

10 µF 

Figure 9: Powering the TSC825 from 
a Low-Voltage Battery 

Vs 
REF+ 

OGND REF-

COM 

VOISP 

~ ... 
TSC825 •IN 

0.1 µf -IN 

-5 vo--+-----~ 

Figure 10: Powering the TSC825 from 
a± 5 V Power Supply 

VIN 

DGND can also provide the drive voltage for 
the LCD display. Connecting DGND to v •• , will provide 
a total LCD drive voltage of about 5 V. 

Warning: DGND is an output, not a power 
supply input. DGND must not be ~onnected to the 
power supply ground in ± 5 V systems. 

NEW PRODUCT INFORMATION 

ANALOG SECTION 
Reference Voltage Section 

The full-scale input voltage will equal the ref
erence voltage. The full-scale voltage (and therefore 
the reference voltage). can range from 
+ 100 mV to +2.0 V. The reference potential is 
measured between REF+ (Pin 67) and REF- (Pin 68). 
The reference voltage common mode limit is v,-+ 1V to 
v,+· 1.3 V. Table 1 shows full-scale voltage versus V,,, 
requirements. 

Table 1: v ... vs. Full-Scale Voltage 

Full-Scale Voltage V.., 

100 mV 100 mV 

2V 2V 

Component Value Selection 
Integrating Resistor (R ,NT) 

The desired full-scale input voltage and output 
current capability of the input buffer and integrator 
amplifier set the integration resistor value. The internal 
Class A output stage amplifiers will supply a 1 0 µA 
drive current with minimal linearity error. F\,.is easily 
calculated for a 1 o µA full-scale current: 

Full-Scale Input Voltage (VJ 
to x 10·5 

where V,. = full-scale analog input. 

Integrating Capacitor (C ,NT) 

10 x 10"6 

The integrating capacitor should be selected 
to achieve a 2.5 V to 4 V integrator output swing. The 
integrator output will swing to within 0.4 V of v;without 
saturating. 

The integrating capacitor is easily calculated: 

C - ~( 2000 ) INT -
HiNT Fosc X V1NT 

where "iNT = integrator swing and F05c = oscillator 
frequency. 

The integrating capacitor should be selected 
for low dielectric absorption. Polypropylene dielectric 
capacitors are recommended. Polycarbonate capaci
tors are also acceptable. 

Auto-Zero Capacitor 
C" should be two to three times larger than the 

integration capacitor. A polypropylene capacitor is 
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.., .... 
TSC825 

Figure 11 : Generating Analog Common 
and Digital GND 

suggested. Values from 0.15 µF to 0.47 µFare typical. 
Table 2 gives several capacitor/resistor com

binations for common full-scale input conditions . 

Table 2: Suggested Component Values 

2V 400 mV 100mV 
Full-Scale Full-Scale Full·Scale 

Component VREF-2V VREF ... 400 mV VREF -100 mV 

RINT 2ookn 40kn 10 kn 

CINT 0.1 µF 0.1 µF 0.1 µF 

CAZ 0.22 µF 0.22 µF 0.33 µF 

Rose' 150 kn 150 kn 150 kn 

1. Approximately 7.5 conversions per second. 

Input Filter 
For added stability, an RC input noise filter is 

usually included in the circuit. The input filter resistor 
value is typically 100 kn. A typical RC time constant 
value is 16 ms to help reject line-frequency noise. The 
input filter capacitor should be a low leakage type such 
as mylar or polypropylene. 

DIGITAL 
SECTION 

vs 

COMMON 

DIGITAL 
GND 

DIGITAL SECTION 
Oscillator Operation 

TSC825 

10 µF 

,,,5 v 

The TSC825 external oscillator frequency, 
F osc• is set by resistor R= connected between pins 7 
and 8. The oscillator frequency versus resistance 
curve is shown in Figure 12. 

F0 "' is divided by 2 to provide an internal 
system clock. Each conversion requires 4,000 system 
clock cycles. The internal system clock is divided by 64 
for the six-phase backplane generator (See Figure 
13.) 

External Oscillator Operation 
The internal oscillator may be bypassed by 

driving OSC1 (Pin 7) with an external signal. OSC2 
(Pin 8) should be left unconnected. The oscillator 
should swing from DGND to v; (Figure 14). The 
external oscillator frequency can range from 8 kHz (1 
conversion/sec) to 120 kHz (15 conversions/sec). 

Display Driver 
The TSC825 drives a triplex liquid crystal 

display with three backplanes. The typical LCD display 
(Figure 17) includes 101 data segments and annun
ciators for under-range and over-range. Table 3 
shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane 
frequency is obtained by dividing the oscillator fre-
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1M~Ell§~!i 800,E .... TSC825 
6-00t--t-t--;-t-i--tttt """ Vs ::: ±5 V 
4001----+--+-+++ttt-t--TTA"" 25oC 

o.__.__.._._..........._...,__..__._~~~ 
10 20 40 60 80 100 200 400 800 1M 

Rose 1n1 

Figure 12: Oscillator Frequency vs R osc 

----t>---------------~ 

BACK J>LANE FREOUENCY-FBP 

"'" TSC825 
BACKPLANE PHASE-FBPP 

INTERNAL SYSTEM CLOCK-FSYS -----+----< 

FOSC 

-----<..-----------j-----r--
OSC2 OCS1 

INTERNAL SYSTEM CLOCK"" FSYS" FOSC/2 
LCD BACKPLANE PHASE "" FBPP - FSYS/64 
LCD BACKPLANE FREQUENCY " FBP "" FBPP/6 
SERIAL DATA CLOCK ~ FSCLK " FSYS/2 

ROSC 

Figure 13: Internal Oscillator Operation 

quency by 768. For example, an oscillator frequency 
of 60 kHz will result in a backplane drive frequency of 
78 Hz. . 

The output waveforms of the three back
planes (BP1, BP2 and BP3) remain the same regard
less of the segments being driven. The waveforms of 
the other output display lines (pins 16 through 54) vary 
depending on the displayed value. The display format 
is a bar graph, however, so adjacent segments are 
either on or off. Therefore, the segment waveforms 
are not as complicated as backplane signals in 

.NEW PRODUCT INFORMATION 

v; 

"'" TSC825 
VS DGNO t---------< 

'-----~--' 

(A) Single 9 V Supply 

vs OSC2 NC 

""" 
OSCILLATOR 

TSC825 

(B) Dual Supply 

Figure 14: External Oscillator Connection 

numeric or alpha-numeric displays. Figure 15 shows 
the three TSC825 backplane outputs with the 0, 1, 2 
segment driver (Pin 16) when bars 0 and 1 are on and 
bar 2 is off (V"= 1.0 V, V,. = 10 mV). 

Annunciator 
The LCD annunciator output is a square wave 

running at the backplane frequency (e.g., 78 Hz when 
F osc = 60 kHz). The peak-to-peak amplitude is equal 
to v;- V0,,,. Connecting an annunciator o.f the LCD 
display to Pin 11 tums it on; connecting it to its 
backplane turns it off. 

Figure 15: LCD Backplanes and 
0, 1, 2 Segment Waveforms 

BP1 

BP3 

SEGMENT 
"0,1,2" 
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TSC825 
Table3: Segment Driver Vs Backplane Assignment 

Pin No. BP1 BP2 BP3 
LCD Display Drive Voltage (V 015p} 

The peak-to-peak LCD drive voltage equals 
16 0 1 2 (V,+ - V .... }. For most applications, v .... can be con-
17 5 4 3 nected directly to DGND (Pin 59). This connection will 

18 6 7 8 provide a typical LCD drive voltage of 5 V ,.,,. 

19 11 10 9 Temperature Compensation 
20 12 13 14 For applications with a wide temperature 
21 17 16 15 range, some LCD displays require that the drive levels 

22 18 :19 20 vary with temperature to maintain good viewing angle 

23 23 22 21 
and display contrast. Figure 16 shows two circuits that 

24 24 25 26 
can be adjusted to give a temperature compensation II of about 10 mV/"C between v;(Pin 6) and V.,.,. The 

25 29 28 27 diode between DGND and V .,., should have a low turn-

28 . 30 31 32 on voltage because v • .,. must not exceed 0.3 V below 

29 35 34 33 
DGND. 

30 36. 37 38 LCD Displays 
31 41 4Q 39 Most end products will use a custom LCD 
32 42 43 44 display for final production. In high volume, low-cost 

33 47 46 45 custom LCD displays are available from several 

34 48 49 50 
manufacturers. The TSC825 interfaces to multi-
plexed LCD displays with three (triplexed) backplane 

35 53 52 51 drivers. 
36 54 55 56 To speed evaluation and prototype develop-

37 59 58 57 ment, a standard display, originally designed for the 

38 60 61 62 
TSC827, is available from: 

39 65 64 63 LICE Inc. 
40 66 67 68 24 Fitch Street 

41 71 70 69 Norwalk, CT 06855 

42 72 73 74 
203/838-7509 

45 77 76 75 The part number for this display is 5000-

46 78 79 80 1X101. Figure 17 shows the display layout. 

47 83 82 81 

48 84 85 86 
49 89 88 87 

50 90 91 92 

51 95 94 93 

52 96 97 98 

53 UR 100 99 

54 OR 

*Undefined 
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v• 
BP 1 1 
BP 2 2 
BP 3 3 
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99,100,UR 12 
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93,94,95 14 95 
90,91,92 15 

90 16 
87,88,89 17 
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23 
69,70,71 24 70 
66,67,68 25 

65 63,64,65 26 

v• 

60,61,62 27 
57,58,59 28 60 
54,55,56 29 

30 55 
31 

51,52,53 32 50 
1N4148 

39 k 

48,49,50 33 
45,46,47 34 45 

"'" TSC825 

200 k 

42,43,44 35 
40 39,40,41 36 

36,37,38 37 
38 35 

33,34,35 39 
30,31,32 40 30 
27,28,29 41 

>--_._-+-12-1 VDISP 
5 k >-o----l•c..< 

24,25,26 42 25 
21,22,23 
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12,13,14 15 

75 k 
9,10,11 

10 6,7,8 
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Figure 16.: Temperature Compensating Circuits Figure 17: TSC825 Typical LCD Bar Graph Display 
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..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company TM 

AID CONVERTER WITH 
TSC826 

BAR GRAPH DISPLAY OUTPUT 

FEATURES 
• Bipolar AID Conversion 
• 2.5% Resolution 
• Direct LCD Display Drive 
• "Thermometer'' Bar or Dot Display 
• 40 Data Segments Plus Zero 
• Overrange Plus Polarity Indication 
• Precision On-Chip Reference . . . . . . . 35 ppm/° C 
• Differential Analog Input 
• Low Input Leakage . . . . . . . . . . . . . . . . . . . . 10 pA 
• Display Flashes on Overrange 
• Display Hold Mode 
• Auto-Zero Cycle Eliminates Zero Adjust Potentio-

meter 
• 9 V Battery Operation 
• Low Power Consumption . • . . . . • .. . . . . . 1.1 mW 
• 20 mV to 2.0 V Full-Scale Operation 
• Non-Multiplexed LCD Drive for Maximum Viewing 

Angle 

Typical TSC826 Circuit Connection (Figure 1) 

1MH 

11 vs 

2V 200mV 20mV 
COMPONENT FULL-SCALE FULL-SCALE FULL-SCALE 

RINT 2M<l 2ookn 23k<l 

CINT 0.033µf 0.033µf 0,033µ,f 

CREF 1 µf 1µf lµf 

CAZ 0.068µ1 O.OBBµf 0.14µf 

RINT T CAZ 

9 

~TSC826 

REF ANALOG 
IN COMMON -IN +IN 

-IN +IN 

R1+R2=250k.U 
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GENERAL DESCRIPTION 

In many applications a graphical display is 
preferred over a digital display. Knowing how a process 
or system operates, for example, within design limits is 
more valuable than a direct system variable readout. A 
bar or moving dot display supplies information precisely 
without requiring further interpretation by the viewer. 

The TSC826 is a complete analog-to-digital 
converter with direct liquid crystal (LCD) display drive. 
The 40 LCD data segments plus zero driver give a 2.5% 
resolution bar display. Full-scale differential input volt
age range extends from 20 mV to 2 V. The TSC826 
sensitivity is 500 µV. A low drift 35 ppm/°C internal 
reference, LCD backplane oscillator and driver, input 
polarity LCD driver, and overrange LCD driver make 
designs simple and low cost. The CMOS design 
requires only 125µA from a9 V battery. In +5 V systems 
a TSC7660 DC to DC converter can supply the -5V 
supply. The differential analog input leakage is a low 10 
pA. 

Two display formats are possible. The BAR 
mode display is like a "thermometer" scale. The LCD 
segment driver that equals the input plus all below it are 
on. The DOT mode activates only the segment equal to 
the input. In either mode the polarity signal is active for 
negative input signals. An overrange input signal 
causes the display to flash and activates the overrange 
annunciator. A hold mode can be selected that freezes 
the display and prevents updating. 

The dual slope integrating conversion method 
with auto-zero phase maximizes noise immunity and 
eliminates zero-scale adjustment potentiometers. Zero
scalEl drift is a low 5 µV/° C. Conversion rate is typically 5 
per second and is adjustable by a single external 
resistor. 

A compact, 0.5'' square, flat package minimizes 
PC board area. The high pin count LSI package makes 
multiplexed LCD displays unnecessary. Low cost, 
direct drive LCD displays offer the widest viewing angle 
and are readily available. A standard display is available 
now for TSC826 prototyping work. 

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

Ordering Information 

Part No. 

TSC826CBQ 

TSC826CSQ 

TSC826Y 

Package 

60-Pin Plastic 
Quad Flat Package 

Formed Leads 

60-Pin Plastic 
Quad Flat Package 

Straight Leads 

CHIP 

Pin Configuration 

gi ~ ~ Kl ~ ~ gj 
a: a: a: a: a: a: a: 
~~~ ~~~~ 
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PRODUCT INFORMATION 

TSC826 
Absolute Maximum Ratings 
Supply Voltage (V+ to V-) .......................... 15 V Operating Temperature 
Analog Input Voltage (either input)"' ........... V+ to V ("C" Devices) ........................ 0°C to +70°C 
Package Power Dissipation Storage Temperature . . . . . . . . . . . . . . . . . -65° C to +160° C 

Flat Package (B, S) . . . . . . . . . . . . . . . . . . . . . . . . 500 mW Lead Temperature (Soldering, 60 sec) ............ 300°C 

Electrical Characteristics: Vs= 9 v, ROSC = 430 kll, TA= 25°C, Full-Scale= 20 mv unless otherwise stated. 

TEST TSC826 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

2 

3 NL 

4 

5 EN 

6 ILK 

7 CMRR 

8 

9 VCTC 

10 

11 VSD 

12 VBD 

13 

Notes: 

Zero Input Reading 

Zero Reading Drift 

Linearity Error 

Rollover Error 

Noise 

Input Leakage 
Current 

Common-Mode 
Rejection Ratio 

Scale Factor 
Temperature Coefficient 

Analog Common 
Temperature Coefficient 

Analog Common 
Voltage 

LCD Segment 
Drive Voltage 

LCD Backplane 
Drive Voltage 

Power Supply Current 

V1N = 0.0 V 

V1N=O.OV 
0°C <;TA<; 70°C 

Max Deviation From 
Best Straight Line 

V1N = 0 V 

V1N = 0 V 

VCM = ±1 V 
V1N = 0 V 

O <;TA<; 70°C 
External Ref. Temperature 
Coefficient = O ppm/° C 

250 kfl Between 
Common and v• 
0° C <; TA <; 70° C 

250 k!l Between 
Common and Vs 

1. Input voltages may exceed the supply voltages when the input current is 
limited to 100 µA. 

2. Static sensitive device. Unused devices should be stored in conductive 
material to protect devices from static discharge and static fields. 

3. Backplane drive is in phase with segment drive for "off" segment and 180°C 
out of phase for "on" segment. Frequency is 10 times conversion 
rate. 

4. Logic input pins 58, 59, 60 should be connected through 1 Mn series 

resistors to VS for logic 0. 

7-135 

-0 ±0 +o Display 

0.2 µ.V!°C 

-1 0.5 +1 Count 

-1 0 +1 Count 

60 µ.VP-P 

10 20 pA 

50 µ.VIV 

ppm/°C 

35 100 ppm!°C 

2.7 2.9 3.35 v 

4 6 VP-P 

4 5 6 VP-P 

125 175 µ.A 
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Pin Description and Function 
PIN NO. NAME 

Analog 
Common 

2 +IN 

3 -In 

4 REFIN 

5 CREF + 

6 CREF -

7 Vs 

8 VBUF 

9 CAZ 

10 VINT 

11 Vs 

12 OSC1 

13 OSC2 

14 BP 

15 BAR 0 

16 

17 2 

18 3 

19 4 

20 5 

21 6 

22 7 

23 8 

24 9 

25 10 

26 11 

27 12 

28 13 

29 14 

30 15 

31 16 

32 17 

33 18 

34 19 

35 20 

36 21 

37 22 

38 23 

DESCRIPTION 

Establishes the internal analog ground point. Analog common is set to 2.9 V below the positive supply 
by an internal zener reference circuit. The voltage difference between Vs and analog-common can be 

. used to supply the TSC826 voltage reference input at REF IN (Pin 4). 

Positive analog signal input. 

Negative analog signal input. 

Reference voltage positive input. Measured relative to analog-common. REF IN~ Full-Scale/2. 

Reference capacitor connection. 

Reference capacitor connection. 

Positive supply terminal. 

Buffer output. Integration resistor connection. 

Negative comparator input. Auto-zero capacitor connection. 

Integrator output. Integration capacitor connection. 

Negative supply terminal. 

Oscillator resistor (Rose) connection. 

Oscillator resistor (Rose) connection. 

LCD Backplane driver. 

LCD Segment driver: Bar 0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
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TSC826 
Pin Description and Function (Cont.) 

PIN NO. NAME 

39 BAR 24 

40 25 

41 26 

42 27 

43 28 

44 29 

45 30 

46 31 

47 32 

48 33 

49 34 

50 35 

51 36 

52 37 

53 38 

54 39 

55 40 

56 OR 

57 POL-

58 BAR/DOT 

59 HOLD 

60 TEST 

DESCRIPTION 

BAR Segment driver: Bar 24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

LCD segment driver that indicates input out-of-range condition. 

LCD segment driver that indicates input signal is negative. 

Input logic signal that selects bar or dot display format. Normally in bar mode. Connect to Vs through 
1 Mn resistor for Dot format. 

Input logic signal that prevents display from changing. Pulled high internally to inactive state. 
Connect to Vs through 1 Mn series resistor for HOLD mode operation. 

Input logic signal. Sets TSC805 to BAR display mode. Bar Oto 40, plus OR flash on and off. The POL
LCD driver is on. Pulled high internally to inactive state. Connect to Vs with 1 Mn series resistor to 
activate. 
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Dual Slope Conversion Prlnclples 
The TSC826 is a dual slope, integrating analog-to-digital 
converter.· The conventional dual slope converter measure
ment cycle has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed time 
period (Ts1). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then i nte
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (TR1). (Figure 2). 

In a simple dual slope converter a complete conversion re
quires the integrator output to "ramp-up" and "ramp-down." 

A simple mathematical equation relates the Input signal 
reference voltage and integration time: 

where: 

/
Ts1 + V1N(t)dt 

0 

VR = Reference Voltage 
Vs1 =Signal Integration Time (Fixed) 

= VR TRI 
RC 

TR1 =Reference Voltage Integration Time (Variable) 

For a constant V1N: 

1~r--1 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

TRI 

Ts1 

Figure 2: Basic Dual Slope Converter 

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

The dual slope converter ac:curacy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement· cycle. An inherent bene
fit is noise immunity. Noise spikes are integrated or averaged 
to zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation.converters in high noise environments. 
lnterfereing signals with frequency components at multiples 
of the averaging period will be attenuated. (Figure 3). 

The TSC826 converter improves the conventional dual slope 
conversion technique by incorporating an auto-zero.phase. 
This phase eliminates zero-scale offset errors and drift. A 
potentiometer is not required to obtain a zero output for 
zero input. 

30 

j 
z 
0 20 § 
;i 
a: 
w 
0 
0 .. ... 10 

" ~ 
0 z. T"' MEASUREMENT PE;RIOD 

0,1/T 1/T 10/T 

INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual Slope 
Converter · . 
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Figure 4: TSC826 Analog Section 
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Theory of Operation 
Analog Section 
In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC826 incorporates an auto
zero cycle. This cycle removes buffer amplifier, integrator, 
and comparator offset voltage error terms from the conver
sion. A true digital zero reading results without external 
adjusting potentiometers. A complete conversion consists of 
three cycles: an auto-zero, signal integrate and reference 
integrate cycle. See Figure 4 and 5. 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is dis
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common {internal 
analog ground) to establish a zero input condition. Addi
tional analog gates close a feedback loop around the integra
tor and comparator. This loop permits comparator offset 
voltage error compensation. The voltage level established on 
CAZ compensates for device offset voltages. 

The auto-zero cycle length is 19 counts minimum. Unused 
time in the deintegrate cycle is added to the auto-zero cycle. 

Signal Integration Cycle 
The auto-zero loop is opened and the internal differential 
inputs connect to +IN and -IN. The differential input signal is 
integrated for a fixed time period. The TSC826 signal integra-

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

lion period is 20 clock periods or counts. The externally set 
clock frequency is devided by 32 before clocking the internal 
counters. The integration time period is: 

Ts1 = ~X20 
Where: Fosc 

Fosc = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range when the converter and measured sys
tem share the same power supply common {ground). If the 
converter and measured system do not share the same power 
supply common, -IN should be tied to analog-common. This 
is the usual connection for battery operated systems. Polarity 
is determined at the end of signal integrate signal phase. The 
sign bit is a true polarity indication in that signals less than 
1 LSB are correctly determined. This allows precision null 
detection limited only by device noise and system noise. 

Reference Integrate Cycle 
The final phase is reference integrate or deintegrate. -IN is 
internally connected to analog common and +IN is con
nected with the correct polarity to cause the integrator out
put to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be
tween 0 and 40 counts. The digital reading displayed is: 

20~ 
VREF 

AUTO-ZERO 
PHASE (AZ) 

SIGNAL REFERENCE INTEGRATE 

INTEGRATOR 
OUTPUT 

ANALOG 
COMMON 
POTENTIAL 

INTERNAL SYSTEM 
CLOCK (FSYS) 

..-.-- ~~1~i1~TE ->>i•--- f~fi~~~~1~ATE)_...,. 

SIGN BIT 
DETERMINED' 

L~~~~NtPLD~~~A f---------+-------+------1 
SIGNAL 

19COUNTS 
MINIMUM 20COUNTS 

NUMBER OF 
COUNTS_.. 

PROPORTIONAL 
TO V 

41 COUNTS 
MAXIMUM 

1 
ONE CONVERSION CYCLE"' 80 COUNTS <TcoNv"' so x FSYS) 

Figure 5: TSC826 Conversion Has Three Phases 
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PRODUCT INFORMATION 

System Timing 
The oscillator frequency is divided by 32 prior to clocking the 
internal counters. The three phase measurement cycle takes 
a total of 80 clock pulses. The 80 count cycle is independent 
of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 19 to 59 Counts 
For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 

• Signal Integrate: 20 Counts 
This time period is fixed. The integration period is: 

Ts1 = 20 [E__ J 
Fosc 

Where Fosc is the externally set clock frequency. 

• Reference Integrate: Oto 41 Counts 

Reference Voltage Selection 
A full-scale reading requires the input signal be twice the 
reference voltage. The reference potential is measured 
between REF IN (Pin 4) and Analog-Common (Pin 1). 

Required Full-Scale Voltage 

20 mV 10 mV 

2V 1 v 

The internal voltage reference potential available at analog
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 6. 

The reference voltage is adjusted with a near full-scale input 
signal. Adjust for proper LCD display readout. 

ANALOG 
COMMON 1 

[bl 

Figure 6: External Reference 

v' 

..,~ 

TSC9491CJ 

1.2 v 
REFERENCE 
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TSC826 
Component Value Selection 
Integrating Resistor (RINT) 

The desired full-scale input voltage and output current capa
bility of the input buffer and integrator amplifier set the inte
gration resistor value. The internal class A output stage am
plifiers will supply a 1 µA drive current with minimal linearity 
error. RINT is easily calculated for a 1 µA full-scale current: 

RiNT = Full-Scale Input Voltage (V) 

1 x 10-6 

VFS 

1x10-6 

Where: VFS = Full-Scale Analog Input 

Integrating Capacitor (CINT) 

The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 v of Vs or Vs without saturating. 

The integrating capacitor is easily calculated: 

CINT = VFS ( 640 ) 
RINT FOSC X VINT 

Where: VINT= Integrator Swing 
FOSC =Oscillator Frequency 

The integrating capacitor should be selected for low dielec
tric absorption to prevent roll-over errors. Polypropylene 
capacitors are suggested. 

Auto-Zero Capacitor (CAZ) 

CAZ should be 2-3 times larger than the integration capacitor. 
A polypropylene capacitor is suggested. Typical values from 
0.14 µf to 0.068 µf are satisfactory. 

Reference Capacitor (CREF) 

A 1.0 µf capacitor is suggested. Low leakage capacitors such 
as polypropylene are recommended. 

Several capacitor/resistor combinations for common full
scale input conditions are given in Table 1. 

Table 1: Suggested Component Values 

Component 

R1NT 
C1NT 
CREF 
CAZ 
Rose 

2 V 200 mV 
Full-Scale Full-Scale 

VREF ~ 1 V VREF ~ 100 mV 

2 MO 200 k!1 
0.033 µf 0.033 µf 

1 µf 1 ·µf 
0.068 µf 0.068 µf 
430 kn 430 kn 

1. Approximately 5 conversions/sec. 

20 mV 
Full-Scale 

VREF ~ 10 mV 

20 kn 
0.033 µf 

1 µf 
0.14µf 

430 kn 
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Differential Signal Inputs (+IN (Pin 2). -IN (Pin 3)) 

The TSC826 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (VcM). The typical range is v+ -1.0 to v- + 1 V. 
Common-mode voltages are removed from the system when 
the TSC826 operates from a battery or floating power source 
(Isolated form measured system) and -IN is connected to 
analog-common (VcoM). 

In systems where common-mode voltages exist the TSC826 
72 dB common-mode rejection ratio minimizes error. 
Common-mode voltages do, however, affect the integrator 
output level. Integrator output saturation must be prevented. 
A worse case condition exists if a large positive VcM exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with VcM. For such applications, the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of Vs or 
Vs without increased linearity error. 

Digital Section 
The TSC826 contains all the segment drivers necessary to 
drive a liquid crystal display (LCD). An LCD backplane driver 
is included. The backplane frequency is the external clock 
frequency divided by 256. A 430 kn osc gets the backplane 
frequency to approximately 55 Hz with a 5 V nominal ampli
tude. When a segment driver is in phase with the backplane 
signal the segment is "OFF." An out-of-phase segment drive 
signal causes the segment to be "ON" or visible. This AC 
drive configuration results in negligible DC voltage across 
each LCD segment. This insures long LCD display life. The 
polarity segment driver, -POL, is "ON" for negative analog 
inputs. If +IN and -IN are reversed this indicator would re
verse. The TSC826 transfer function is shown in Figure 7. 

-2 

1: 
I 
I 

OVERRANGE I 
INDICATION ---------....: 

........ 
I 
I 

.--J 
I 
I 

,........... 
I 
I 
I 
I 

1 r---' 
I 
I 
I 

0.5 1 
? I I I I • 

3 : 39 39.5 40 40.5 

ANALOG INPUT 
VFS 

(X40l 

Figure 7: TSC826 Transfer Function 

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

BAR/DOT Input (Pin 58) 

The BAR/DOT input allows the user to select the display for
mat. The TSC826 powers up in the BAR mode. Select the 
DOT display format by connecting BAR/DOT to the negative 
supply (Pin 11) through a 1 Mn resistor. 

HOLD Input (Pin 59) 

The TSC826 data output latches are not updated atthe end of 
each conversion if HOLD is tied to the negative supply (Pin 11) 
through a 1 Mn series resistor. The LCD display continuously 
displays the previous conversion result. 

The HOLD pin is normally pulled high by an internal pull-up. 

TEST Input (Pin 60) 

The TSC826 enters a test mode with the TEST input con
nected to the negative supply (Pin 11 ). The connection must 
be made through a 1 Mn resistor. TheTEST input is normally 
internally pulled high. A low input sets the output data latch 
to all ones. The BAR display mode is set. The 41 LCD output 
segments (zero plus 40 data segments) and overrange annun
ciator flash on and off at 1/4 the conversion rate. The polarity 
annunciator (POL-) segment will be on but not flashing. 

Overrange Display Operation (OR, Pin 56) 

An out-of-range input signal will be indicated on the LCD 
display by the OR annunciator driver (Pin 56) becoming 
active. 

In the BAR display formate the 41 bar segments and the over
range annunciator, OR, will flash ON and OFF. The flash rate 
is one fourth the conversion rate (FOSC/2560). 

In the DOT display mode, OR flashes and all other data seg
ment drivers are off. 

Polarity Indication (POL-, Pin 57) 

The TSC826 converts and displays data for positive and 
negative input signals. The POL- LCD segment driver (Pin 
57) is active for negative signals . 

Oscillator Operation 
The TSC826 external oscillator frequency, FOSC, is set by 
resistor ROSC connected between pins 12 and 13. The oscil
lator frequency vs resistance curve is shown in Figure 8. 
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vStoVS =9v 
141-++--+--+--+-r-+---+--+---+--i 

30 12 f-t+--+--+--+-f--+--+--+---+--i 

10 .__-+--+--+-f--+--+--+---+--i 

20 

10 

'!"-
0 °~0--',-.'--7,--',---,1~0-='=12---<14.,..-,1~6--:':18:-::'20 

ROSC (X 100 kH) 

Figure 8: Oscillator Frequency vs. ROSC 

FOSC is divided by 32 to provide an internal system clock, 
FSYS. Each conversion requires 80 internal clock cycles. 
The internal system clock is divided by 8 to provide the LCD 
backplane drive frequency. The display flash rate during an 
input out-of-range signal is set by dividing FSYS by 320. 
(See Figure 9) 

-----,?)-----------------~ 

DISPLAY FLASH FREQUENCY ..,~TSC826 

BACKPLANE FRE QUENCY-FBP 

INTERNAL SYSTEM CLOCK-FSYS -----o--t 

FOSC 

---<)-----------if------+-~ 

INTERNAL SYSTEM CLOCK= FSYS = FOSC/32 
LCD BACKPLANE FREQUENCY= FBP = FSYS/8 
CONVERSION RATE= FOSC/2560 
DISPLAY FLASH RATE= FOSC/10,240 

OSC2 13 

Figure 9: Internal Oscillator Operation 

OCS1 12 

ROSC 

The internal oscillator may be bypassed by driving OSCI (Pin 
12) with an external signal generator. OSC2 (Pin 13) should 
be left unconnected. 
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TSC826 

The oscillator should swing from Vs to Vs in single supply 
operation (Figure 10A). In dual supply operation the signal 
should swing from power supply ground to Vs . 

..,~TSC826 A. Single 9V Supply 

11 

B. Dual Supply 

vs 7 

..,~TSC826 

12 13 
OSC1 0SC2 

0.lµf 

EXTERNAL 
OSCILLATOR 

OSCILLATOR 

Figure 10: External Oscillator Connection 

LCD Display Format 

Vg=5V 

The input signal can be displayed in two formats (Figure 11 ). 
The BAR/DOT input (Pin 58) selects the format. The TSC826 
measurement cycle operates identically for either mode. 

BAR Format 
The TSC826 power-ups in the BAR mode. BAR/DOT is pulled 
high internally. This display format is similar to a thermome
ter display. All bars/LCD segments, including zero, below the 
bar/LCD segment equalingd the input signal level are on. A 
half-scale input signal, for example, would be displayed with 
BAR 0 to BAR 20 on. 

DOT Format 
By connecting BAR/DOT to Vs through a 1 Mn resistor the 
DOT mode is selected. Only the BAR LCD segment equal
ling the input signal is on. The zero segment is on for zero 
input. 

This mode is useful for moving cursor or "needle" appli
cations. 
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A. BAR MODE 

1. INPUT= 0 
BAR 4 c:::::J OFF 
BAR 3 c:::::J OFF 
BAR 2 c:::::J OFF 
BAR 1 c:::::J OFF 
BAR 0 IZZZUI ON 

B. DOT MODE 

1. INPUT= 0 
BAR 4 c:::::J OFF 
BAR 3 c:::=::::J 0 FF 
BAR 2 c=::J OFF 
BAR 1 c:::::J OFF 
BAR 0 rzzzzJ ON 

2. INPUT= 5% of FULL-SCALE 
c=::J OFF 
c=::J OFF 
fZZZ2I ON 
fZZZ2I ON 
CZZZZl ON 

2. INPUT= 5% of FULL-SCALE 
c=::J OFF 
c::'.::::I OFF 
1ZZZZ1 ON 
c=::J OFF 
c:::::J .OFF 

Figure 11: Display Option Formats 

LCD Displays 
Most end products will use a custom LCD display for final 
production. Custom LCD displays are low cost and available 
from all manufacturers. The TSC826 interfaces to non-multi
plexed LCD displays. A backplane driver is included on chip. 

To speed initial evaluation and prototype work a standard 
TSC826 LCD display is available from Varitronix. 

Varitronix Ltd. 
9/F Linen House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 

USA Office: 
VL Electronics Inc. 
3161 Los Feliz Blvd. 
Suite303 
Los Angeles, CA 90039 
Tel: (213) 661-8883 
TELEX: 821554 

• Part No.: VBG412-1 (Pin Connectors) 
• Part No.: VBG412-2 (Elastomer Connectors) 

Other standard LCD displays suitable for development work 
are available in both linear and circular formats. One manu
facturer is: 

UCE Inc. 
24 Fitch Street 
Norwalk, Conn. 06855 
(203) 838-7509 

• Part No. 5040: 50 segment circular display with 
3 digit numeric scale. 

• Part No. 5020: 50 segment linear display. 

AID CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 

LCD Backplane Driver (Pin 14) 

Additional drive electronics is not required to interface the 
TSC826 to an LCD display. The TSC826 has an on-chip back
plane generator and driver. The backplane frequency is: 

FBP = FOSC/256 

Figure 12 gives typical backplane driver rise/fall time vs back
plane capacitance. 

10 i-!1~ ~~~~:c -+--+-17-#_j_+-1 
I v8 =sv L 

~ 7 .,. 

~ 61--1-jf-jf-j-f-t:JZ'."~-'-'+--+-+--1 
~ sl-+-+--+-+-~.JL':~~r--r--t-1 

~ 4 lZ 
~ 3l-+-+-~i]~--t--1~r-r--r---i 
a: I/ 

, ~"""'v-+-+-+-r-t-t-t---i I' 

BACKPLANE CAPACITANCE (X 100 pf) 

Figure 12: Backplane Driver Rise/Fall Time vs 
Capacitance 

Flat Package Socket 
Sockets suitable for prototype work are available. 
A USA source is: 
Nepenthe Distribution 
2471 East Bayshore 
Suite 520 
Palo Alto, California 94303 
( 415) 856-9332 
TWX: 910-373-2060 

(a) "BQ" Socket Part No.: IC51-064-042 BQ 

(b) "SQ" Socket Part No.: IC51-064-042 SQ 
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~'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC827 
1% ADC WITH LCD BAR-GRAPH DRIVE 

FEATURES 
• 1% LCD Bar-Graph Readout 

- Triplex LCD Display 
- 101 Data Segments 
- Overrange and Underrange Annunciators 
- Two Set Point Annunciators 

• Two Selectable Set Points 
• Low and High Set Point and Overrange Logic 

Output Signals 
• Differential Analog Input 
• Differential Reference for Ratiometric Measurements 
• 100 mV to 2.0 V Full-Scale 
• 10-Bit Serial Data Output 
• 9 Volt Battery or ±5 V Supply Operation 
• 15 mW Power Dissipation 
• 68-Lead PLCC Package Permits Either Surface 

Mounting or Socket Mounting 

FUNCTIONAL DIAGRAM 

DIFFERENTIAL { 
ANALOG 
INPUT 

DIFFERENTIAL { 
REFERENCE 
INPUT 

SET POINT INPUTS/ALARMS 

•osc 

+IN iiiiit ISPH/ MS.it fNI EOC/ 
Sil Sffl' OVR OUT Hc5ti5" 

ANALOG COMMON/ 
VREFOUTPUT 

......... TSC827 DIGITAL 
" 1% AOC WITH SETPOINTS GNO 

ANO LCD DISPLAY DRIVE 
SERIAL I 10-BIT 

t------og~i~ur RESOLUTION 

t-----O~i~KL OUTPUT 

t-----0~~_.!>S ADJUST 
.._..,..._.,..'--t~M-J~M-2_,...BP-1--~----...... --'--1---' 

9V 

ANNUNCIATOR 
DRIVE 

L _ _ _, n n n 0 0 0 n n ;=::::::::

1 
:~: ::,::::::::::=::::, ::.:: 

--------, Li u Li Li Li _ OVER RANGE TRIPLEX LCD BAR-GRAPH DISPLAY 

~'-'~'--~99~1~00--------' 1" (1000ATAPLUSZEROJ RESOLUTION 
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1% ADC WITH LCD.BAR-GRAPH DRIVE 

GENERAL DESCRIPTION 
For rapid recognition a graphical display is 

preferred over a digital display. For example, knowing 
that a process or system operates within design limits is 
more valuable than a direct system variable readout. A 
bar-graph display supplies information precisely 
without requiring further interpretation by the viewer. 

The TSC827 is a complete integrating analog
to-digital converter witli triplex liquid crystal (LCD) 
display drive. A 101 element LCD bar-graph directly 
connects to the TSC827, and provides 1% resolution. 
LCD annunciators are also included to flag underrange 
and overrange analog inputs. 

In addition to the analog input display, two user 
selected set points can be programmed and displayed. 
Set point annunciators are activated when a set point 
has been reached. Set point and olierrange logic 
outputs are also provided for control applications. 

· Although the LCD bat-graph display is 101 
segments, the TSC827 AID converter operates with 
0.1% resolution. A serial output with clock allows data 
to be transmitted at 0.1% resolution to a remote 
computer or display. 

Operating from a single 9 V battery or from ±5 V 
supplies, the CMOS TSC827 dissipates only 15 mW. 
The differential inputs accept positive polarity input 
signals from 100 mV to 2.0 V full-scale. A 50 ppm/°C 
low drift voltage reference is also included on-chip. The 
dual-slope integrating conversion method with auto
zero and zero-integrator phases maximizes noise 
immunity and ensures rapid recovery from input over
ranges. 

The TSC827 is available in a compact 60-pin 
flat package or a 68-lead Plastic Leaded Chip Carrier 
(PLCC). For a 2.5% resolution AID converter with bar
graph output see the TSC826 data sheet. 

Ordering Information 

L~d 
Part No. Package Configuration 

TSC827CBQ 60-Pin Flat Bent 

TSC827CSQ 60-Pin Flat Straight 

TSC827CLS 68-Lead PLCC 

TSC827Y DICE 

Pin Configuration 

SEGMENT DRIVERS FDA LCO DISPLAY 

~ (q g 8 r:1Q ~ ~ ~ ~-::: ! ! ! 111"+ " ~ 15 
~ %" 1>?7' -z;_ 0 -N 

61 ~g ••. 
Notes: 1. For SO~Pin Flat Package, see Figure 32. 

2. For Segment Driver Assignments, See Table 5. 
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Temperature 
Range 

o•c to 10°c 

o•c to 10°c 

o•c to 10°c 

0°c to 10°c 

ZUl.21 
M,25,21 

23,22.21 

11,11.20 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Supply Voltage (Vs to VS) ........................... 15 v 
Reference Voltage (REF+ or REF-) (Note 1) . . . . . . . Vs to Vs 
Input Voltage (+IN or -IN)(Note 1) ................ Vs to Vs 
Vo1SP ................................ Vs to DGND -0.3 v 
Digital Input (Pins 55 -64) .................... Vs to DGND 
Integrator Input (Pin 4) . . . . . . . . . . . . . . . . . . . . . . . . . Vs to Vs 
Power Dissipation Plastic Package (Note 2) ....... 800 mW 
Operating Temperature Range .............. 0°C to 70 °C 
Storage Temperature Range ............ -65°C to +150°C 
Lead Soldering Temperature (10 Sec.) ............. 300 °C 

TSC827 
Notes: 
1. Input voltages may exceed the supply voltages provided that input current is 

limited to ±100 µA. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ±1 mA. 

2. Dissipation ratings assume device is mounted with all leads soldered to 
printed circuit board. 

3. Pin numbers are for 68-Lead PLCC package. 

Stresses above those listed under Absolute Maximum Ratings may cause per
manent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational sections of the specifications is not implied. Exposure to Abso
lute Maximum Rating Conditions for extended. periods may effect device 
reliability. 

Electrical Characteristics: Vs= ±5 v. Rose= 160 k, TA= 25°C, Full-Scale= 100 mv unless otherwise specified 

TSC827 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

NL 

EN 

CMRR 

Zero Input Reading 

Zero Reading Drift 

Linearity Error 

Noise 

Input Leakage Current 

Common Mode 
Rejection Ratio 

Scale Factor 
Temperature Coefficient 

V1N = 0.0V 

o•c;::;;; TA;::;;; 10°c 
Max. Deviation 
From Best Siraight Line 

VcM=±1 V 
V1N =OV 

o•c;::;;; TA;::;;; 10°c 
External Ref. Temp. 
Coefficient= o ppm/°C 

VcoMMON Analog Common Voltage Vs to Pin 66 

Vere 

VcM 

Vso 

Vao 

Is 

Analog Common 
Temp. Coefficient 

Conversion Rate 

Full-Scale Input Range 

Common Mode 
Input Range 

LCD Segment Drive Voltage 

LCD Backplane Drive Voltage 

Supply Current Vs= ±5 V 
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Display Under-
0 0 range 

0.2 µV1°c 

-1 0.5 +1 Count 

25 µVp_p 

10 50 pA 

70 dB 

ppm/°C 

3.1 3.3 3.5 v 

50 ppm1°c 

7.5 conv./sec. 

+0.1 +2.0 v 

Vs+ 1.0 
Vs -1.0 

Vs -1.3 Vs +0.6 
v 

4 5 6 v 
4 5 6 v 

1.4 2.0 mA 

• 



TSC827 
Pin Description and Function: 

PIN NO. PIN NO. 
68-Lead PLCC 60-Pin FLAT NAME 

Package Package 

1 53 -IN 

2 54 +IN 

3 55 BUFF 

4 56 INTIN 

5 57 INT OUT 

6 58 

7 59 osc, 
8 60 

11 Annunciator 

12 2 Vo1sp 
13 3 BP1 

14 4 BP2 

15 5 BP3 

16-52 6-38 0-98 

53 39 UR, 100, 99 

54 40 OR, LL, HL 

55 41 iNtOUT 

56 42 

57 43 

58 44 

59 45 DGND 

62 45 SCLK 

63 47 SDO 

64 48 EOG/HOLD 

65 49 
66 50 COM 

1% ADC WITH LCD BAR-GRAPH DRIVE 

DESCRIPTION 

Negative analog signal input. 

Positive analog signal input. 

Buffer Output. Connect to integration resistor. 

Negative integrator input. Connect to auto-zero capacitor. 

Integrator output. Connect to integration capacitor. 

Positive supply voltage. Typically +9V battery or +5 V supply. 

Oscillator resistor (Rosel connection. 

Oscillator resistor (Rosel connection. 

Annunciator oriver. Output is a square wave at the backplane frequency. Any 
LCD segment attached to annunciator will be turned ON. 

Sets LCD display voltage drive level. Normally connected to DIGITAL GND (DGND). 

Backplane 1 of LCD display 

Backplane 2 of LCD display 

Backplane 3 of LCD display 

Segment drivers for bars 0 through 98 of LCD display. For segment/backplane, 
assignments, see Table 5. 

Segment drivers for underrange, 100, 99 

Segment drivers for overrange, low limit, high limit. 

Input. Controls functions of pins 56, 57 and 58. When low, permits set point data 
to be entered and displayed. When HIGH, the low set point, high set point, and 
overrange alarm outputs are enabled. 

Bidirectional pin. When an input, enables inputting of low set point limit. When an 
output, goes LOW when the analog input is equal to or greater than the LOW set 
point limit. 

Bidirectional pin. When an input, enables inputting of high set point limit. When 
an output, goes LOW when the analog input is equal to or greater than the high 
set point limit. 

Bidirectional pin. When an input, set points limits are entered with this pin. When 
an output, goes LOW when the analog input exceeds the full-scale voltage. 

Digital Ground. Internal reference voltage for internal logic and LCD display. Do 
not connect to power supply ground. Connect a 10 µF capacitor from DIGITAL 
GND TO V00 (Pin 6). See applications section for details. 

Output. Clock for serial data output. 

Output. Serial data output. After each conversion, the result (1000 counts, max., 
in BCD Format) and Overrange and Underrange flags are output on this pin. After 
set points are changed or displayed, the set point value_Wl!be Qld!Q.ut as soon as 
ISPL or ISPH go High. 

Bidirectional pin. Pulses HIGH at the end of each conversion. If held LOW 
conversions will continue but the display is not updated. 

Negative supply voltage input. Typically battery ground or -5 V supply. 

Analog Common. Establishes the internal analog ground point. ANALOG 
COMMON is set 3.3 V below the positive supply by an internal zener reference 
circuit. The voltage difference between v• and ANALOG COMMON can be used 
to supply the TSC827 voltage reference. 

67 51 REF+ Differential reference input positive. 

68 52 REF- Differential reference input negative. 

Note: Pins 9, 10, 26, 27, 43, 44, 60 and 61 are NC (No Internal Connection) on 68-Lead PLCC 
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ANALOG 
INPUT 

RINT 

10µF 

Vs 

REF+ 

REF-

COM 

>IN 

-IN 

BUF 

12 59 

VDISP DGND 

""" TSC827 

ANNUNCIATOR f-'1"-1-----~ 

SEGMENT 
DRIVERS 

TSC827 

LCO 
DISPLAY 

INT IN (Pin Numbers Shown are 
for 68-Lead PLCC) 

30 
20 
10 
0 INT OUT 

OSCl 

JN/OUT 

Rose'" 160 k 
RINT = 40 k 
CAz = 0.47 µF 
CINT = 0.15 µF 
(See Text) 

65 

BATTERY 
GND 

Figure 1: TSC827 Typical Schematic 

ANALOG 
INPUT 0---0 
SIGNAL 

REF 

VOLTAGE 

l~z 
1•FIXED ·~1 

SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

VIN"' 1/2 VFULL-SCALE 

VIN"" VFULL-SCALE 

Figure 2: Dual Slope Converter Block Diagram 

Dual Slope Conversion Principles 

55 

The TSC827 is a dual slope, integrating analog-to-digital con
verter. The conventional dual slope converter measurement 
cycle has two distinct phases: 

13 
BP1~---~ 

BP2f'1"-4-----~ 

• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed time 
period (Ts1). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer
ence integration time is directly proportional to the input signal 
(TR1). (Figure 2). 

In a simple dual slope converter a complete conversion re
quires the integrator output to "ramp-up" and "ramp-down." 

A simple mathematical equation relates the input signal refer
ence voltage and integration time: 

RC 

where: 

VR = Reference Voltage 

Ts1 

J V1N(t)dt 

0 

T si = Signal Integration Time (Fixed) 

RC 

TRI =Reference Voltage Integration Time (Variable) 

For a constant V1N: 
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TSC827 
The dual slope converter accuracy is unrelated to the integrat
ing resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune to 
the large conversion errors thatplague successive approxima
tion converters in high noise environments. Interfering signals 
with frequency components at multiples of the averaging 
period will be attenuated. (Figure 3). 

Q 

!I 
~ 10f----+----11-++l'++.rl'----t---t--t--+-H-t-H 
~ 
Q 
z 

0.1/T 1/T 10/T 
INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual Slope 
Converter 

DEINT 

REF+ 0------<X>--~· 

DEINT 

REF- 0-----<XJ---

INT 

AZ 

AZ+ ZI 

~~:~i~ o------<>---+---fX>----------
INT 

-INPUTQ-------t-----1i)<J---.,.------~ 

Figure 4: TSC827 Analog Section 

FROM 
DIGITAL 
CONTROL 
SECTION 

/Ot.. ANALOG 
\OI SWITCH 

The TSC827 converter improves the conventional dual slope 
conversion technique by incorporating auto-zero and zero
integrator phases. The auto-zero phase eliminates zero-scale 
offset errors and drift .. The zero-integrator phase provides a 
rapid recovery from input overrage conditions. 

Theory of Operation 
Conversion Resolution 
The TSC827 displays the analog input as 101 segments. but 
internally the A/ D conversion has a resolution of 1000 counts. 
The conversion timing is therefore based on 4000 cycles of the 
TSC827 internal clock. The expanded resolution (1,000 counts, 
maximum) is available at the Serial Data Output. 

Analog Section 
In addition to the basic signal integrate and deintegrate cycles 
discussed previously, the TSC827 also incorporates auto-zero 
and zero-integrator cycles. The auto-zero cycle removes 
buffer amplifier, integrator. and comparator offset voltage error 
terms from the conversion. A true digital zero results without 
external adjusting potentiometers. The zero-integrator cycle 
ensures quick recovery from an input overload. A complete 
conversion consists of four cycles: an auto-zero, integrate, 
deintegrate. and zero-integrator cycle. See Figure 4 and 5. 

ZI 

.... ~ TSC827 

12 /JA 

""6.3 v 
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TSC827 

AUTO-ZERO 
PHASE (AZ) 

SIGNAL REFERENCE INTEGRATE 

.....- i~1~i~:iTE --~---- r~~1~~1~ATEJ--...i-- ZEA~H-~~:w~ATOR 

INTEGRATOR 
OUTPUT 

ANALOG 
COMMON 
POTENTIAL 

INTERNAL SYSTEM 
CLOCK fFSVS) 

~~~~t~~-nAi--------+-------f~--__J 
SIGNAL 

1500 to 499 COUNTS (See Text) ___ _, 

COUNTS___. 
PROPORTIONAL 

1500 COUNTS ____,.. 

NUMBER OF _j 
1000 COUNTS -+lf+--r_o_v.._ 1001 COUNTS 

MAXIMUM 

i-------ONE CONVERSION CYCLE 

Figure 5: TSC827 Conversion Has Four Cycles 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is dis
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (internal 
analog ground) to establish a zero input condition. Additional 
analog gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage error 
compensation. The voltage level established on CAZ compen
sates for device offset voltages. The auto-zero cycle length is 
1500 counts. 

Signal Integration Cycle 
The auto-zero loop is opened and the internal differential 
inputs connect to +IN and -IN. The differential input signal is 
integrated for a fixed time period. The TSC827 signal integra
tion period is 1000 clock periods or counts. The externally set 
clock frequency is divided by 2 before clocking the internal 
counters. The integration time period is: 

Where: 

Ts1 = __ 2_ X 1000 
Fosc 

Fosc = External Clock Frequency 

The differential input voltage must be within the device common
mode range when the converter and measured system share 
the same power supply common (ground). If the converter and 
measured system do not share the same power supply com
mon, -IN should be tied to analog-common. This is the usual 
connection for battery operated systems. 

1 
= 4000 COUNTS (T CONV = 4000 X-1--------_., 

Fsvs 

Reference Integrate Cycle 
The third phase is reference deintegrate. VIN is connected 
internally to REF+, and VIN is connected to REF-. The time for 
the integrator output to return to zero is proportional to the 
input signal and is between 0 and 1000 counts. The digital 
reading displayed is: 

100 ~,while the internal conversion result is 1000 ~ 
VREF VREF 

As with the analog input, the differential reference input must 
be within the common mode range (Vs+ 1.0 V to Vs - 1.3 V). 

Although only 1000 counts of Reference Integrate are dis
played, this cycle lasts a maximum of 1001 counts. The final 
count will detect an input overrange condition, and set the 
overrange LCD segment "ON" and the M.SP /OVR digital out
put to a logic LOW. 

Zero-Integrator 
The fourth cycle is Zero-Integrator. The comparator output is 
connected to VIN• causing the integrator output to return to 0 V. 
This cycle ensures a rapid recovery from input overrange con
ditions. 

Zero-Integrator cycle lasts a minimum of 499 counts. Also, 
unused Reference Integrate counts are spent in Z-1. The Z-1 
cycle is therefore variable, and will be: 

499 + (1001 - Reference Integrate counts) 
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System Timing 
The oscillator frequency is divided by 2 prior to clocking the 
internal counters. The four-phase measurement cycle takes a 
total of 4000 clock pulses. The 4000 count cycle is independ
ent of input signal magnitude. 

Each phase of the measurement cycle has the following length: 

• Auto.-Zero Phase: 1500 Counts 

• Signal Integrate: 1000 Counts 

This time period is fixed. The integration period is: 

Ts1 = 1000 [ 2 ] 
Fosc 

Where Fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 1001 Counts 

• Zero-Integrator: 499 to 1500 Counts 

For signals less than full-scale the Zero-Integrator cycle is 
assigned the unused reference integrate time period. 

Differential Signal Inputs (+IN, Pin 2; -IN, Pin 1) 

The TSC827 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (VcMl· The typical range is v• -1.3 to v- +1 V. 
Common-mode voltages are removed from the system when 
the TSC827 operates from a battery or floating power source 
(Isolated from measured system) and -IN is connected to 
analog-common (VcoMl· In this case, analog-common pro
vides a common-mode bias point about 3.3 V below the posi
tive supply (Vs ). 

In systems where common-mode voltages exist the TSC827 
70 dB common-mode rejection ratio minimizes error. Com
mon-mode voltages do, however, affect the integrator output 
level. Integrator output saturation must be prevented. Since 
the TSC827 will only convert positive input voltages, the worst
case condition exists if a large negativeVcM exists in conjunc
tion with a full-scale differential signal. The input signal drives 
the integrator output negative along with VcM· For such appli
cations, the integrator output swing can be reduced below the 
recommended 3.0 V full-scale swing. The integrator output will 
swing within 0.3 V of Vs without increased linearity error. 

Differential Reference Inputs 
(REF+, Pin 67; REF-, Pin 68) 

The TSC827 reference, like the analog signal input, has true 
differential inputs. The same common-mode limits apply to 
both the analog and tt)e reference inputs. The reference vol
tage (between REF+ and REF-) should be set equal to the 
desired full-scale voltage. As with the analog signal input, the 
reference voltage (measured from REF+ to REF-) must have a 
positive polarity. 

Analog Common (COM, Pin 66) 

This pin sets the common-mode voltage for battery operation 
or for any system where the input signals are floating with 
respect to the power supply. Analog common is set approxi
mately 3.3 V more negative than the positive supply. 

Analog common can be used as the TSC827 reference. Typical 
specifications are output voltage of 3.3 V and temperature 
coefficient of 50 ppm/°C. An external reference, such as a 
TSC04 or TSC05, can also be used. The circuit is shown in 
Figure 6. 

TSC04* 
OR 

TSC05* 

>~1-----67-..AEF+ .,~ 
TSC827 

•• -----. ANALOG COMMON 

• FOR FULL-SCALE VOLT AGE <1.0 V, 
~~~ ~g:· FOR VFS ;;.1.0 V, 

Figure 6: Using TSC827 with an External Reference 

Analog common is also used as the ViN return during auto-zero 
and zero-integrator cycles. If ViN is at a different potential than 
analog common, a common-mode voltage exists in the system 
and is attenuated by the CMRR of the converter. However, in 
some applications ViN will be set at a fixed voltage (power 
supply common, for example) that is more negative than 
analog common. In this case, analog common should be tied to 
the same point, thus removing the common-mode voltage from 
the converter. The same holds true for the reference voltage. If 
REF- can be conveniently referenced to analog common, it 
should be since this removes the common-mode voltage from 
the reference system. 

Within the IC, analog common is tied to an N-channel FETthat 
can sink 5 mA or more. However, there is only 12 µA of source 
current, so analog common can easily be tied to a more nega
tive voltage. Doing so overrides> the internal reference function 
of analog common, however, so an external reference must be 
used. 

Theory of Operation 
Digital Section 
The TSC827 digital section includes a clock generator, AID 
conversion counters and control logic, display drivers for a 101 
segment LCD bargraph, serial data output, and set point logic. 
A simplified block diagram is shown in Figure 7. 
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CLOCK 

EOC 

200 k 

EOC/HOLD MSP 

SET POINT 
LOGIC 

Figure 7: TSC827 Digital Section Block Diagram 

A single resistor sets the internal oscillator frequency. The 
oscillator output is divided by two for the A/ D converter clock, 
and further divided by 64 for the 6-cycle backplane generator. 
An oscillator resistor of 160 kO will give an oscillator frequency 
of about 60 kHz, backplane repetition rate of 78 Hz, and AID 
conversion rate of 7.5 second. 

The TSC827 drives a triplexed LCD display. Three backplane 
and 35 segment drivers yield 105 display segments, arranged 
as 0 through 100 analog divisions plus Underrange, Overrange, 
High limit and Low limit annunciators. All data formatting and 
backplane/segment waveform generation are accomplished 
on-chip. 

Data Display versus Analog Input 
The TSC827 transfer function is shown in Figure 8. Inputs less 
than O V will result in an underrange condition. The Underrange 
segment of the LCD display will be "ON" and the first data bit of 
the serial data output will be a logic LOW. For analog inputs 
from O V to full-scale, the appropriate LCD segments will be 
"ON." 

The "100" segment of the LCD display is "ON" when the inter
nal AID conversion result is ;:;.:1000 counts. When the analog 
input equals or exceeds 1001 counts, an overrange condition 
exists. The "Overrange" LCD segment will be "ON,'' the second 
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data bit of the serial data output will be logic LOW, and the 
MSP /OVR output will go to a logic LOW. 

OR 
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~ 1 .. 
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198 1000 1001 1002 

Figure 8: TSC827 Transfer Function 
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Serial Data Output Protocol 
Serial data is output at the end of each conversion cycle. The 
full 1,000 count AID converter resolution is available, as well 
as overrange and underrange flags. Data output is signalled by 
EOC/HOLD, and synchronized with SCLK. The format for.serial 
data output is shown in Figure 8. Typical interface circuits are 
shown in Figures 30 and 31. 

Serial Data Output (EOCtHOLD, Pin 64) 

EOC/HOLD is a bidirectional pin, which serves both as an end 
of conversion output and as an input to "freeze" the conver
sion reading. Figure 10 shows a simplified schematic of the 
input/output nature of this pin. Since there is approximately 
200 kCl in series with the output, it can only drive a single 
CMOS gate. A Schmitt-trigger buffer (such as a 7 4C14) should 
be used if fast rise/fall times are required. Also, precise timing 
relationships between E.OC and other outputs are not defined 
due to the slow rise time of this output, even if the Schmitt
trigger buffer is used. 

As an output, pin 64 will go High for 1 /2 of a converter system 
clock (one system clock equals two external clocks) at the end 
of each conversion. Ten system clocks later, serial data is valid 
and is clocked out by SCLK. 

When used as an input, pin 64 prevents the display latches and 
serial data output from being updated. The display will there
fore be "frozen" at the value present when pin 64 went to a 
logic LOW. The converter will continue to operate, however, so 
that when pin 64 goes to a logic HIGH the next conversion will 
be correct. 

The HOLD pin is designed to be controlled by a mechanical 
switch. If control by external logic is required, an open
collector or three-state gate must be used. 

No external LCD annunciator is provided to indicate that the 
TSC827 is in the "HOLD" mode. However, the display annun
ciator output can be used for this purpose (Figure 11). 

Serial Data Output (SDO, Pin 63) 

Serial data is output on this pin. The data format is shown in 
Figure 9 and Table 1. Data is valid on the rising edge of SCLK 
(Pin 62). SDO will drive one TIL load. · 

.. 
EOC/Rml) 0--+-------1 

....... 
TSCB27 

Figure 10: EOC/HOLD Pin Schematic 

EOC/HOLD 1------• 

'ff" 
TSC827 HOLD 

DGND 1------' 
ANNUNCIATOR 1-----------' 

Figure 11: "HOLD" Mode Annunciator 

Serial Clock (SCLK, Pin 62) 

DISPLAY 
UPDATE 

EOC 

HOLD 

SCLK is the clock for serial data transmission. SCLK goes 
HIGH in the middle of each serial data bit output on Pin 63. 
Each SCLK pulse is HIGH for 112 system clock. SCLK will drive 
one TTL load. 

NOTE: THERE IS A DELAY Ot:: 10 SYSTEM CLOCKS 
BETWEEN THE FALLING EDGE OF EOC ""'" 

eoc·_fl~~..._~AN-D_T_H_•_•,_•n~~-L_•_•u_L•-·~~~~~~-T~~~~~~~~~~ 

SYSTEM 
CLOCK 

NOTE: SYSTEM CLOCK FREQUENCY IS. 1/2 folc 

Figure 9: TSC827 Serial Data Output Waveform 
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Table 1: Decoding Serial Data Output 

SCLK 
Pulse SDO Data 

UR - Underrange 

2 OR - Overrange 

3 01000 - 1000s digit 

4 0100D - Ba of 100s digit (BCD) 

5 0100C - B4 of 1 OOs digit 

6 0100B - B2 of 100s digit 

7 0100A - B1 of 100s digit 

8 010D - Ba of 1 Os digit 

9 010C - B4 of 1 Os digit 

10 010B - B2 of 10s digit 

11 010A - B1 of10s digit 

12 010 - Ba of 1s digit 

13 01C - B4 of1s digit 

14 01B - B2 of 1s digit 

15 01A - B1 of1s digit 

Set Points and Alarms 
High and Low set points can be set and displayed by the 
TSC827. When the analog input is below the low set point 
value, the Low limit annunciator will be turned on. When the 
high set point is equalled or exceeded, the High annunciator 
will be turned on. Tables 2 and 3 show the set point logic. The 
set point annunciators and alarms do not have built-in hysteri
sis. 

Table 2: Set Point Alarm Truth Table 

Alarm Status 

Analog Conversion Result SPL SPH 

<Set point limit LOW HIGH 

= Set point limit HIGH LOW 

> Set point limit HIGH LOW 

Table 3: Set Point Alarm Trip Points 

SERIAL High Low 
DATA LCD Alarm Alarm 

OUTPUT DISPLAY Status Status 

HIGH 901 90 L H 
Set point 900 90 L H 
Limit= 90 899 89 H H 

898 89 H H 

LOW 1 0 1 1 0 H H 
Set point 100 1 0 H H 
Limit= 10 99 9 H L 

98 9 H L 
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The High and Low alarms operate independently of each other. 
There is no interaction between set point registers. For exam
ple, the High limit can be set lower than the Low limit. In this 
case, both alarms can be ON simultaneously. 

The set point limits can also be used to control external cir
cuits. Digital outputs on the TSC827 will go LOW when the 
High and Low limits are exceeded. These outputs can form the 
basis of a simple process controller. 

Set points are fabricated in the TSC827 as true digital compar
ators. Setpoint limits are loaded and stored in shift registers, 
and the stored value is compared to the analog conversion 
value at the end of each conversion. If a set point limit is 
exceeded, the appropriate output is updated simultaneously 
with the end of conversion (EOG) pulse. Once set, set point 
limits will remain until either reset or until power is removed 
from the TSC827. 

During set point entry, the LCD display will reflect the set point 
limit. After set point entry the set value is also output on the 
serial data output. Set point limits can be displayed at any time 
without changing the existing value. 

The set point and overrange alarms are multiplexed with set 
point inputs. Alarms are disabled while set point limits are 
being entered. 

Set Point Entry 
One input (IN/OUT) and three bidirectional pins (MSP/OVR, 
ISPH/SHP/ and ISPUSPL) control set point entry. Table 4 
shows the relationship between the four inputs, and Figure 12 
is the entry sequence. Set point entry can be implemented with 
simple mechanical switches. See the applications section for 
details. 

Table 4: Logic for Set Point Entry and Display 

IN/OUT ISPL/SPL ISPH/SPH MSP/OVR 

OUTPUT OUTPUT OUTPUT 

0 0 0 

0 

0 0 

0 0 

Input/Output (IN/OUT, Pin 55) 

x 

x 

Enter High 
Limit 

Enter Low 
Limit 

LCD 
DISPLAY 

Analog 
Input 

Analog 
Input 

Analog 
Input 

HIGH 
Limit 

LOW 
Limit 

This input determines whether the three bidirectional pins will 
be inputs or outputs. When lN/OUT is a logic HIGH, pins 56, 
57, and 58 are the low set point, high set point, and overrange 
alarm outputs respectively. When TN I OUT is a logic LOW these 
pins are inputs for set point entry. 

• 
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Input Set Point Low, Input Set Point High, 
(ISPL/SPL, Pin 56 and ISPH/SPH, Pin 57) 

As inputs, these pins select which set point (low or high) will be 
entered or displayed. When ISPL or ISPH are set to logic LOW 
the respective annunciator is turned on and the set point limit 
is displayed on the LCD display. When ISPL or ISPH go HIGH 
the set point value is· latched into the appropriate set point 
register and is also placed on the serial data output. 

When IN/OUT (Pin 41) is a logic HIGH, pins 56 and 57 are the 
the Low and High set point alarms, respectively. The alarm 
output status is determined by the analog input value and the 
set point limit. See Tables 2 and 3. 

Modify Set Point (MSP/OVR, Pin 58) 

When IN/OUT and either ISPL or .ISPH are logic "O," this pin is 
used to input the set point value. The first negative-going pulse 
will reset the appropriate set point register to zero counts. 
Each additional pulse will increment the register by one count. 
Holding MSP LOW will, after a delay Of eight AID conversions, 
cause the set point register to increment at the AID conversion 
rate. II the desired set point value is exceeded, ISPL or ISPH 
must be brought HIGH and then LOW, and the set point value 
reentered. The set point registers will not "roll-over" to 0 after 
the maxiumum count is reached. 

If MSP does not go LOW while ISPH or ISPL are LOW, then the 
"set point register will not change. This permits the set point 
values to be displayed without changing the contents of the 
registers. 

When iNtOUT is a logic HIGH, pin 58 will go to a logic LOW 
when the analog input exceeds full-scale. 

I...- ISPH, ISPL, -AND- MSP BECOME INPUTS 

I "LOW" L. CD ANNUNCIATOR "ON"; LOW SETPOINT REGISTE~. 
iNiouT ...____CONTENTS DISPLAYED; LOW SETPOINT ALARM "OFF' 

,---
i IF MSP DOES NOT GO LOW, THE SETPOINT VALUE WILL 

NOT CHANGE. THUS, THE SETPOINT LIMIT CAN BE VIEWED 
AT ANY TIME WITHOUT CHANGING THE VALUE. 

j ! t ttttttt 
: ~ !-> ~??~~F~ 
I- I- I- 1-1-1-1-1-1-' z. z z z z z z z z I-
:> ::> ::> ::> ::> ::> ::> :> :> z 
8 8 8 8888885 

"-.-' u 

AFTER 8 CONVERSION CYCLES, THE COUNTS 
WILL INCREMENT AT A RATE OF 1 COUNT 
PER CYCLE (1 CYCLE IS 4000 SYSTEM CLOCKS) 

t 

FINAL COUNT IS LATCHED. 
15 CLOCK CYCLES LATER 
THE NEW VALUE IS OUTPUT 
SERIALLY. 

Figure 12: Sequence for Entering Set Points 

Applications Information 
Power Supplies 
The TSC827 is designed to operate from a single power supply, 
over a range of 7 V to 15 V. Supply current requirements are 
typically only 1.4 mA, so operation from a single 9 V battery is 
possible as shown in Figure 13. For battery operation, Analog 
Common (COM, Pin 66) provides a common-mode bias voltage 
(See previous discussion of Analog Common). However, mea
surements cannot be referenced to battery ground. To do so 
will exceed the negative common-mode voltage limit. 

10 µF 
Vs 

REF+ 

OGNO 

9V 

Vo1sP 
COM 

..,.... +IN 

TSC827 VIN 

-IN 

Vs 

Figure 13: Powering the TSC827 from a Single 9 Volt 
Battery 

-=-3.5Vto6V 

+IN ,_-<~"'VVV---<J ..,.... 
TSC827 VIN 

-IN ~--.-~----{)-

.10 µF 

Figure 14: Powering the TSC827 from a Low-Voltage 
Battery 
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0.1 µF 10 µF Vs 

DGND REF-

COM 

VDISP ..,.... 
TSC827 <IN 

VIN 

0.1 µF -IN 

-5 vo----+-----~ 

Figure 15: Powering the TSC827 from a ±5 Volt Power 
Supply 

Low Voltage Battery Source 
A battery with voltage between 3.5 and 7 V can be used to 
power the TSC827, when used with the TSC7660 voltage 
doubler as shown in Figure 14. The voltage doubler uses the 
TSC7660 DC to DC converter and two external capacitors. 
With this configuration measurements can be referenced 
either to Analog Common or to battery ground. 

The TSC827 can also operate from ±5 V supplies (Figure 15). 
Measurements are made with respect to power supply ground. 
Digital Ground (DGND, pin 59) must not be connected to power 

TSC827 

• 

TSC827 
supply ground (See "Connecting to External Logic" section for 
details). If only a single +5 V supply is available, the TSC7660 
can be used to provide a negative supply as in the low-voltage 
battery application (Figure 14). 

Digital Ground (DGND, Pin 59) 

Digital Ground is generated from an internal zener diode (Figure 

16). The voltage between Vs and DGND is the internal supply 
voltage for the digital section of the TSC827. DGND will sink a 
minimum of 20 mA, but will only source about 500 µA. A 10 µF 
capacitor must be connected between DGND and Vs (Pin 6). 

DGND can also provide the drive voltage for the LCD display. 
Connecting DGND to VDISP will provide a total LCD drive 
voltage of about 5 V. 

WARNING: 
DGND is an output, not a power supply input. DGND must not 
~ connected to the power supply ground in ±5 V systems. 

Applications 

Analog Section 
Reference Voltage Selection 

The full-scale input voltage will equal the reference voltage. 
The full-scale voltage (and therefore the reference voltage) can 
range anywhere from +100 mV to +2.0 V. The reference poten
tial is measured between REF+ (Pin 67) and REF- (Pin 68). The 
reference voltage common-mode limit is Vs+ 1 V to Vs - 1.3 V. 

DIGITAL 
SECTION 

' Vs 

COMMON 

DIGITAL 
GNO 

TO µF 

,,,5 v 

'------------<1~-.__ ________ _.__-ov5 

Figure 16: Generating Analog Common and Digital GND 
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Required Full-Scale Voltage 

100mV 100mV 

2V 2V 

The internal voltage reference potential available at analog
common will. normally be used to supply the converters refer
ence. This potential is stable whenever the supply potential is 
greater than approximately 7 V. In applications where an exter
nally generated reference voltage is desired refer to Figure 6. 

Component Value Selection 

Integrating Resistor (RINl) 

The desired full-scale input voltage and output current capa
bility of the input buffer and integrator amplifier set the integra
tion resistor value. The internal class A output stage amplifiers 
will supply a 10 µA drive current with minimal linearity error. 
RINT is easily calculated for a 10 µA full-scale current: 

RiNT = Full-Scale Input Voltage (V) = VFS 

10 x 10-• 10 x 10-• 

Where: VFS = Full~Scale Analog Input 

Integrating Capacitor cc1N1) 

The integrating capacitor should be selected to achieve a 3.5 V 
to 4 V integrator output swing. The integrator output will swing 
to within 0.4 v of Vs without saturating. 

The integrating capacitor is easily calculated: 

CINT = VFS ( 2000 ) 
RINT FOSC X VINT 

Where: VINT = Integrator Swing 
FOSC =Oscillator Frequency 

The integrating capacitor should be selected for low dielectric 
absorption. Polypropylene capacitors are suggested. 

Auto-Zero Capacitor (CAZ) 

CAZ should be 2-3 times large than the integration capacitor. A 
polypropylene ·capacitor is suggested. Typical values from 
0.15 µF to 0.47 µFare satisfactory. 

Several capacitor I resistor combinations for common full
scale input conditions are given in Table 5. 

Table 5: Suggested Component Values 

Component 

2V 
Full-Scale 

VREF=2V 

200kn 
0.1 µF 

.22µF 
150 kn 

400mV 
Full-Scale 

VREF""400 mV 

40kn 
0.1 µF 

.22µF 
150 kn 

1. Approximately 7.5 conversions/sec. 

Input Filter 

100mV 
Full-Scale 

VREF"" 100 mV 

10 kn 
0.1 µF 

.33µF 
150 kn 

For added stability, an RC input noise filter is usually included 
in the circuit. The input filter resistor value is typically 100 kn. A 
typical RC time constant value is 16 ms to help reject line
frequency noise. The input fiiter capacitor .s11ould have low 
leakage. 

Applications lnformatioo 
Digital Section 
Oscillator Operation 
The TSC827 external oscillator frequency, F080, is set by resis
tor R080, connected between Pins 7 and 8. The oscillator 
frequency vs. resistance curve is shown in Figure 17. 

1M 
800 

·600 

400 

200 

g 100 

~: 
40 

0 

0 

..,~~•v 
TA - 26"C 

.......... 

~ 

~ 

~I"' 

10 20 40 60 80100 200 400 800 1M 

Rose tOI 

Figure 17: Oscillator Frequency vs Rose 

Fosc is divided by two to provide an internal system clock. 
Each conversion requires 4000 system clock cycles. The 
internal system clock is divided by 64 for the 6-phase back
plane generator. Serial data is clocked out at one-half the 
system clock rate. See Figure 18 .. 
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SERIAL DATA CLOCK~FSCLK 

BACK PLANE FREQUENCY-FBP 

BACKPLANE PHASE-FBPP 

INTERNAL SYSTEM CLOCK-FSYS -----+..-~ 

INTERNAL SYSTEM CLOCK = FSYS = FOSC/2 
LCD BACKPLANE PHASE = FBPP = FSYS/64 
LCD BACKPLANE FREQUENCY = FBP = FBPP/6 
SERIAL DATA CLOCK "' FSCLK = FSYS/2 

OSC2 

Figure 18: Internal Oscillator Operation 

External Oscillator Operation 

TSC827 

ROSC 

FOSC 

OCS1 

The internal oscillator may be bypassed by driving OSC1 (Pin 7) 
with an external signal. OSC2 (Pin 8) should be left uncon
nected. The oscillator should swing from DGND to V$. See 
Figure 19. 

v~ OSC2 NC 

""" 
OSCl OSCILLATOR 9 V-=._ 

TSC827 

v;; DGND 

(A) Single 9 V Supply 

v~ OSC2 NC +5 v 

""" 
OSCILLATOR POWER 

SUPPLY 

TSCB27 -5 v 

v;; DGND -= 

(B) Dual Supply 

Figure 19: External Oscillator Connection 

TSC827 
Connecting to External Logic 
External logic can be directly reference to Digital Ground 
(DGND, Pin 59) provided that the logic current does not exceed 
about 20 mA. The connection is shown in Figure 20. The typical 
performance curve of DGND voltage versus sink current is 
shown in Figure 21. For interfacing to large digital systems, a 
buffer amplifier can be used to sink additional ground current 
(Figure 22). 

EXTERNAL 
LOGIC 

59 

""""" TSC827 

..__ ___ ._ _ ___, DGND 

1LOGIC 

65 

Figure 20: External Logic Referenced Directly to DGND 

!DIGITAL GROUND lmA) 

Figure 21: DGND Voltage vs Current vs ±Vs 
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Figure 22: External Logic Referenced to DGND with 
Buffer 

Entering Set Points with 
Mechanical Switches 
Set point values can be entered into the TSC827 with simple 
mechanical switches. Two possible arrangements are shown 
in Figure 1 and 23. The circuit of Figure 23 uses only one DPDT 
toggle switch, with a center "OFF" position, to select either 
High set point, Low set point, or a-d converter data display. The 
resistor is included so that SPL or SPH are not shorted directly 
to DGND during the delay between IN/OUT going LOW and the 
SPL or SPH output turning OFF. 

SWITCH: 
DPDT 
CENTER 
"OFF" 

r-------tfNiOUT 

.002 µF 

Figure 23: Two-Switch Set Point Entry 

..,~ 

TSC827 

DGND 

SWITCH: 
SPST 
MOMEN
TARY 

Switch debouncing for set point entry requires only one capac
itor. When configured as inputs, Pins 55 through 58 have a 1 µA 
to 2µA internal pull up to Vs. The input gate includes about 0.8 
Vol hysterisis (VHL = 0.7V, VLH = 1.5 V). Therefore, connecting a 
small capacitor to MSP as shown in Figure 23 will provide 
debouncing forthe set point switch. Switch bounce in ISPLand 
ISPH will be ignored, because the set point will not change 
unless MSP goes LOW while ISPL or ISPH are LOW. 

µP Set Point Entry 
Set points can also be entered from ttie 1/0 port of aµP or µC. If 
1/0 pins can be individually assigned as input or output, as 
with the 65C22 or 68HCxx, then the TSC827 can be connected 
as shown in Figure 24. Interlacing to a µP with dedicated 
outputs may require the addition of three-state or open
collector buffers. 

In most cases the TSC827 interface is a simple matter of 
manipulating the l/O lines to enterthe desired data. An exam
ple, using the 65C22, is shown in Figure 25. First, the itiftOUT 
input is made a logic LOW, causing the ISPL, ISPH, and MSP 
pins to become inputs.1/0 port pins PA1 through PA3 arethen 
made outputs, to control the data entry. Next, either ISPL or ISPH 
is brought LOW to select low or high set point entry. Then MSP 
is pulsed repeatedly to input the set point limit. Finally, ISPL or 
ISPH is made a logic HIGH, PA1-PA3 are returned to the input 
state, and TN/OUT is brought HIGH to return pins 56, 57, and 58 
to their output state. 

65C02 µP 

65C22 

Vs 
PAO 1--------l IN/DUT 

PA1 ISPLl'SPL 

PA2 ISPH/SPH 

PA3 MSP/OVR 

vs ..,~ 1 TSC827 

+ 10 µF .__o"TGN_o __ v"Ts __ 

-5 v 

Figure 24: TSC827 Interface to µP or µC 
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TSC827 
65C22 Register Contents 

DATA DIRECTION REGISTER A 

DDRA3 DDRA2 DDRA1 
---- ----

(MSP/OVR) (ISPH/SPH) (ISPL/SPL) 

1 1 1 

0 0 0 

0 0 0 

DD RAO 

(IN/OUT) 

0 

0 

0 

0 

0 

PA3 PA2 PA1 

1 

1 0 

0 0 

0 

DATA REGISTER A 

PAO 

Read set points and overrange alarms on 
PA1 - PA3 __ 

0 Make ISPL, ISPH and MSP into inputs 

0 Make PA1 and PA3 outputs 

0 Select low set point 

0 Pulse MSP LOW to clear set point register 

0 

Pulse MSP to input desired set point value 

0 Terminate low set point entry (Note 1) 

Return ISPL, ISPH and MSP to outputs 

NOTE 1. Rising edge of ISPL will cause the set point value to be output on the Serial Data Output. The High set point can be entered without bringing IN/OUT to a logic HIGH. 

Figure 25: Data Flow for Entering Set Points via 65C22 1/0 Port 

Microprocessor Timing Limitations 
The TSC827 interface timing is optimized for interface to 
mechanical switches, not for speed. Although most µP inter
face applications will not be limited by the TSC827 logic 
delays, fastµPs and random logic (e.g. 74HCxx) will require the 
addition of wait states or delays. The suggested timing for 
entering set points is shown in Figure 26. 

In some applications aµP may simply wish to read the set point 
value. In this case, a minimum pulse width of 1 µsec at SPL or 
SPH is required. 

IN/OUT 

tSPL or "'iSPH ''----------~ 
\;:::'" µ$--j u \_) 

2µ$---1 1--
Figure 26: Recommended Timing for µP Entry of 

Set Points 

Display Driver 
The TSC827 drives a triplex liquid crystal display with three 
backplanes. The LCD display typically includes 101 data seg
ments and annunciators for underrange, overrange, low set 
point alarm and high set point alarm. Table 5 shows the 

assignment of the display segments to the backplanes and 
segment drive lines. The backplane frequency is obtained by 
dividing the oscillator frequency by 768. For example, an oscil
lator frequency of 60 kHz will result in a backplane drive fre
quency of 78 Hz. 

The three backplanes (BP1, BP2, and PB3) have output wave
forms that remain the same regardless of the segments being 
driven. The other output display lines (Pins 16 through 54) have 
waveforms that vary depending on the displayed value. How
ever, the display format is a bargraph so adjacent segments are 
either "ON" or "OFF." Therefore, the segment waveforms are 
not as complicated as backplane signals in numeric or alpha
numeric displays. Figure 27 shows the three TSC827 back
plane outputs together with the "O, 1, 2" segment driver (Pin 16) 
when bars 0 and 1 are "ON" and bar 2 is "OFF" (VFS = 1.0 V, VIN 
= 10 mV). 

BP1 

BP2 

BP3 

SEGMENT "O, 1,2" 

Figure 27: LCD Backplanes and "O, 1, 2" Segment 
Waveforms 
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TSC827 

sa-Lead 
PLCC 

Pin No. 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

60-Pln Flat 
Package 
Pin No. 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

0 1 2 
5 4 3 
6 7 8 

11 10 9 
12 13 14 
17 16 15 
18 19 20 
23 22 21 
24 25 26 
29 28 27 
30 31 32 
35 34 33 
36 37 38 
41 40 39 
42 43 44 
47 46 45 
48 49 50 
53 52 51 
54 55 56 
59 58 57 
60 61 62 
65 64 63 
66 67 68 
71 70 69 
72 73 74 
77 76 75 
78 79 80 
83 82 81 
84 85 86 
89 88 87 
90 91 92 
95 94 93 
96 97 98 
UR 100 99 
OR LL HL 

Table 5: TSC827 Segment Driver. vs Backplane 
Assignment · 

Annunciator (Pin t1) 

The annunciator output is a square wave running ai the back
plane frequency (for example, 7$ Hz when FosC: = 60 kHz). The 
peak~to-peak amplitude is equal to Vs -DGND. Connecting an 
annunciator of the LCD display to Pin 11 turn$ .it on; connect
ing it to its backplane turns it off. 

7-162 

LCD Display Drive Voltage 1Vo1sp. Pin 12> 
The peak-to-peak LCD drive voltage is equal to IVs -Voisf>). For 
most applications, V01sp can be connected directly to DGND 
(Pin 59). This connection will provide a typical LCD drive vol
tage of 5 Vp•p. 

Temperature Compensation 
For applications with a wide temperature range, some LCD 
displays require that the drive levels vary with temperature to 
maintain good viewing angle and display contrast. Figure 28 
shows two circuits that can be adjusted to give a temperature 
compensation of about 10 mV/°C between Vs (Pin 6) and 
V015p. The diode between DGND and V01sp should have a low 
turn-on voltage because VoisP cannot exceed .3 V below 
DGND. 

20 k 

76k 

12 
~---1>---+---t Vo1SP 

18 k 

y+ 

66 

v-

y+ 

•• 

Figure 28: Temperature Compensating Circuits 
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LCD Displays 
Most end products will use a custom LCD display for final 
production. In high volume, custom LCD displays are low cost 
and available from a variety of manufacturers. The TSC827 
interfaces to multiplexed LCD displays with three (triplexed) 
backplane drivers. 

To speed evaluation and prototype development a standard 
TSC827 display is available from: 

UCE Inc. 
24 Fitch Street 
Norwalk, CT 06855 
(203) 838-7509 

The part number for this display is 5000-1X101. The display 
layout is shown in Figure 29. 

Combining Bar-Graph and 
Numeric Displays 
The TSC827 AID Converter data can be displayed both on a 
bar-graph and a numeric LCD display. This application com
bines the ease of recognition inherent in the bar-graph with the 
increased resolution of a numeric display. To provide a 
numeric display, the serial data must be transferred to appro
priate display drivers. 

A typical numeric LCD interface, using inexpensive CMOS 
logic, is shown in Figure 30. The serial data is clocked into shift 
registers and then transferred to the LCD drivers. The End of 
Conversion (EOG) output cannot strobe data into the latches, 
because it occurs before serial data transfer begins. Instead, 
the 74C193 counter generates a carry after 15 clock pulses to 
update the latches. The backplane for the displays can be 
obtained from the annunciator (Pin 11 ). 

In microprocessor applications, theµP can read the serial data 
through an 110 port. A typical circuit is shown in Figure 31. The 
TSC7211 AM. a bus-compatible 4-digit LCD display driver, is an 
ideal output device in this application. Since the TSC7211AM 
has data latches, display formatting, and a backplane oscilla
tor on-chip, no external components are required. 
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TSC827 

SP 2 2 
SP 3 3 

4 
ANNUNCIATOR 5 

6 
7 
8 

OVR,HL,LL 9 
10 
11 

99,100,UA 12 
96,97,98 13 

95 93,94,95 14 
90,91,92 15 

90 16 
87,88,89 17 
84,85,86 18 85 
81,82,83 19 

II 78,79,80 80 
75,76,77 

75 72,73,74 

69,70,71 70 
66,67,68 

65 63,64,65 
60,61,62 

60 57,58,59 
54,55,56 

55 

51,52,53 50 
48,49,50 

45 45,46,47 
42,43,44 

40 39,40,41 
36,37,38 

35 
33,34,35 

30 30,31,32 
27,28,29 

25 24,25,26 
21,22,23 

20 18,19,20 
15,16,17 

15 12,13,14 
9,10,11 

10 6,7,8 
3,4,5 

5 0,1,2 
ANNUNCIATOR 

SP 3 0 
SP 2 
SP 1 

Figure 29: TSC827 Typical LCD Bar-Graph Display 
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TSC827 

UR I OR 

IN3 

NC 
EOC 

015 

1---.-----------jCLOCK 

soo1--------...,,------!SERIAL DATA INPUT 

+g V _t. 10 i.iF 

Figure 30: 827 Interface to Numeric LCD Display 

4-0IGIT NUMERIC LCD 

1 a a a 
UNDER LOW 

PMIT 
HIGH 
LIMIT OVER 

1111111111 0000000000000000000 1111111111 

0 10 90 100 

GND 

101-SEGMENT BAR-GRAPH LCD 

LCD BAR-GRAPH 
DRIVERS 

TSC827 
74C14 

LCD DISPLAY 

ao as 

110 PORT 

SDO 1---------tlNPUT A 

SCLK INPUT B 

Figure 31 a: TSC827 Serial Interface to a Microprocessor 
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LCD DISPLAY DRIVER 
TSC828 

WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

FUNCTIONAL DIAGRAM 

SERIAL 
DATA 

INPUT 

ALARM 
CONTROL 

INPUTS 

HIGH 

LOW 

OVER 

LOW LIMIT 

..,.... 
TSC828 

SET POINT 
ALARM 

CONTROL 

ALARM OUTPUTS 

FEATURES 
• Drives Three 3-1/2 Digit LCD Displays 
• Direct Interface to TSC827 Bar Graph AID Converter 

- Displays AID Result, High Limit, Low Limit 
Simultaneously 

- Displays AID Result to 0.1% Resolution 
- Demultiplexes Set Point Inputs/Alarm Outputs 

• Serial Data Input 
• Five Decimal Point/Annunciator Inputs 
• All Display Decoders/Drivers On-Chip 
• Separate Annunciator Driver Output 
• Adjustable LCD Drive Voltage Capability 
• On-Chip Backplane Oscillator 
• Piezoelectric Buzzer Alarm Driver 
• Low Power . . . • .. • .. . • . .. • . . . . . . . . . . . 500 µA 
• Single 5 V Power Supply 

BCD TO 7·SEGMENT DECODERS 

15-BIT SHIFT REGISTER 

BUZ 
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LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

GENERAL DESCRIPTION 
The TSC828 is a flexible multi-digit LCD display 

driver. Up to three independent 3-1/2 digit numeric 
displays can be loaded from the serial data input. 
Fabricated in low power CMOS, the TSC828 includes 
all data decoding and formatting and LCD display drive 
circuitry on-chip. 

The TSC828 can function asa numeric display 
companion for the TSC827101 segment bar graph AID 
converter. In this application the TSC827's High set 
point, Low set point, and AID conversion result are 
displayed simultaneously. The "set point input/alarm 
output" pins are demultiplexed, simplifying the interface 
to external logic. In addition to High and Low set point 
digital outputs and LCD annunciators, the TSC828 
incorporates a piezo-electric buzzer driver which is 
activated when an alarm limit is exceeded. 

The TSC828 can also be used as a flexible, 
general purpose display driverfor µP applications. The 
numeric displays can be used as three 3-1/2 digit (1999 
maximum) displays, or concatenated to form up to a 
9-1/2 digit display. Data is entered as 15 serial bits, 
synchronized by a serial clock. Two data bits can be 
used as underrange and overrange flags or as inde
pendent annunciators. 

Five digital inputs control LCD annunciators or 
decimal points. The TSC828 includes three backplane 
and 31 segment drivers on-chip, and drives a triplexed 
LCD display directly. The LCD drive voltage can be 
temperature compensated externally, if required. 

Supply current is only 500µA from a single 5 V 
supply. The TSC828 is packaged in a 68-lead plastic 
leaded chip carrier (PLCC). 

Ordering Information 

Part No. Package 
Temperature 

Range 

TSC828CLS 68-Pin Plastic Leaded 
Chip Carrier (PLCC) 

0°C to +70°C 

Pin Configuration 
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TSC828 
Absolute Maximum Ratings: 
Supply Voltage (Vs+ to GND) ................ 6 V 
Digital Inputs .............•......... Vs+ to GND 
Vo1SP ....................... Vs+ to GND - 0.3 v 

Operating Temperature Range . . . . . 0°c to +70°C 
Storage Temperature Range . . . . . -65°C to +150°C 
Lead Soldering Temperature (10 sec) . . . . . . 300°C 

Power Dissipation, Plastic Package . . . . . . 800 mW 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended periOds may effect device reliability. 

Electrical Characteristics: Vs= +5 v, GND = o v, Rose= 160 kn, TA= 25°C 

TSC828 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

V1H Logic "1" Input Voltage ISPL, ISPH, MSP - 2.2 2.8 v 
V1l Logic "O" Input Voltage ISPL, ISPH, MSP 0.8 1.1 - v 

l1N+ Logic Pulldown Current DP2-s & FLAG - 10 - µA 
V1N = 5.0 v 
RALARM - 10 -

l1N- Logic Pullup Current ISPL, ISPH, MSP - 1 - µA 
V1l = 0.0 V 

tEPW EOC Pulse Width 2 - - µs 

tENABlE EOC Enable Time - 4 - µs 

tcpw Serial Clock Pulse Width - 2 - µs 

fclK Serial Clock Frequency 150 250 - kHz 

tos Data Setup Time - 2 - µs 

toH Data Hold Time - 2 - µs 

t1ol Internal Data Latch Time - 2 - µs 

I Al Alarm Output Sink Current, Low Vol= 2.5 V 75 120 - mA 

IAH. Alarm Output Source Current, High VoH = 2.5 V 10 20 - mA 

Buzzer Output Current, Low Vol= 2.5 V - 15 - mA 

Buzzer Output Current, High VoH = 2.5 V - 7 - mA 

Buzzer Frequency - fosc/32 - Hz 

fosc Oscillator Frequency - 60 - kHz 

Display Multiplex Rate - fosc/768 - kHz 

LCD Driver Output Impedance - 10 - kn 

Vs Power Supply Voltage 4 5 6 v 
Is Operating Supply Current Vs= 5 V - 500 - µA 
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TSC828 
Pin Description and Function 

Pin 
Number Name Function 

LBCP2 LCD 

2 LAGD2 LCD 

3 LFE2 LCD 

4 LBCP3 LCD 

5 LAGD3 LCD 

6 LFE3 LCD 

7 LBCP4P5 LCD 

8 HLNORM LCD 

9 NC 

10 NC 

11 GND POWER 

----
12 ISPL/SPL 1/01 

13 ISPL INPUT 

14 SPL OUTPUT 

15 SPH OUTPUT 

----
16 ISPH/SPH 1/01 

17 ISPH INPUT 

----
18 MSP/OVR 1/01 

19 MSP INPUT 

20 OVR OUTPUT 

LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

Description 

LCD segment drivers for "b'', "c" segments of 2nd LSD (10's digit) of Low 
Set Point Register, and decimal point 2 (P2). 

LCD.segment drivers for "a", "g", "d" segments of 2nd LSD of Low Set 
Point Register. 

LCD segment drivers for "f", "e" segments of 2nd LSD of Low Set Point 
Register. 

LCD segment drivers for "b", "c" segments of 3rd LSD (10's digit) of Low 
Set Point Register, and decimal point 3 (P3). 

LCD segment drivers for"a", "g", "d" segments of 3rd LSD of Low Set Point 
Register. 

LCD segment drivers for "f", "e" segments of 3rd LSD of Low Set Point 
Register. 

LCD segment drivers for "be" segment of Most Significant Digit (1,000's 
digit) of Low Set Point Register, decimal point 4 (DP4), and decimal 
point 5 (P5). 

LCD segment drivers for "high", "low", "normal" segments of set point 
alarm status. 

No internal connection. 

No internal connection. 

Power Supply common. Connect to DGND of TSC827 or to GND of 
power supply. 

Connect to ISPL/SPL of TSC827. See Figure 16. 

Input low set point. When ISPL is connected to GND, the low set point 
limit can be entered into a companion TSC827. 

Low set point alarm output. SPL will be low when the TSC827 analog 
input is :::; the low set point register contents. 

High set point alarm output. SPH will be low when the TSC827 analog 
input is > the high set point register contents. 

Connect to ISPH/SPH of TSC827. See Figure 16. 

Input the high set point. When ISPH is connected to GND, the high set 
point limit can .be entered into a companion TSC827. 

Connect to MSP/OVR of TSC827.See Figure 16. 

Modify the set point limit. See text. 

Overrange alarm output. OVR will be low when the TSC827 analog 
input is greater than full scale. 
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TSC828 
Pin Description and Function (Continued) 

Pin 
Number Name 

21 RALARM 

22 IN/OUT 

23 EOG/HOLD 

24 OSC2 

25 OSC1 

26 NC 

27 NC 

28 

29 BUZ 

30 SCLK 

31 SDI 

32 Vo1SP 

33 BP1 

34 BP2 

35 BP3 

36 DP/FL5 

37 DP/FL4 

38 DP/FL3 

39 DP/FL2 

40 DP/FL1 

Function 

INPUT 

1/01 

1/01 

osc 
osc 

Description 

Reset alarm. Connecting RALARM to GND will asynchronously reset 
the alarm output latches (SPL, SPH and OVA will go high and the buzzer 
will be off). 

Connect to IN/OUT of TSC827. See Figure 16. 

Connect to EOG/HOLD of TSC827. See Figure 16. 

Oscillator resistor (ROSC) Connection. 

Oscillator resistor (Rose) Connection. Also, OSC1 is the oscillator 
input if an external oscillator is used. 

No internal connection. 

No internal connection. 

POWER Positive power supply connection. Connectto +5 V supply, or to positive 
terminal of 9 V battery. 

OUTPUT Audio frequency driver for piezoelectric transducer. The buzzer will be 
on when any alarm output is active. 

1101 Serial clock input. Display data is clocked into the TSC828 on the rising 
edge of SCLK. Connect to SCLK of TSC827. 

1/01 Serial data input. Connect to SDO of TSC827. 

LCD Sets LCD display drive level. Normally connected to digital ground 
(GND). 

LCD Backplane #1 output of LCD driver. 

LCD Backplane #2 output of LCD driver. 

LCD Backplane #3 output of LCD driver. 

INPUT Input to control decimal poinVflag #5. Connecting to Vs+ turns the DP 
on; no connection or connecting to GND turns the DP off. 

INPUT Input to control decimal point/flag #4. Connecting to Vs+ turns the DP 
on; no connection or connecting to GND turns the DP off. 

INPUT Input to control decimal poinVflag #3. Connecting to Vs+ turns the DP 
on; no connection or connecting to GND turns the DP off. 

INPUT Input to control decimal point/flag #2. Connecting to Vs+ turns the DP 
on; no connection or connecting to GND turns the DP off. 

INPUT Input to control decimal point/flag #1. Connecting to Vs+ turns the DP 
on; no connection or connecting to GND turns the DP off. 

41 ANNUNCIATOR LCD Output is a square wave at the backplane frequency. Any LCD segment 
attached to ANNUNCIATOR will be turned on. 
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LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

Pin Description and Function (Continued) 

Pin 
Number Name 

42 HBC1 

43 NC 

44 NC 

45 HAGD1 

46 HFEP1 

47 HBCP2 

48 HAGD2 

49 HFE2 

50 HBCP3 

51 HAGD3 

52 HFE3 

53 HBCP4P5 

54 DBC1 

55 DAGD1 

56 DFEP1 

57 DBCP2 

58 DAGD2 

59 DFE2UR 

60 NC 

Function 

LCD 

Description 

LCD segment drivers for''b", "c" segments of Least Significant Digit 
(LSD) of High Set Point Register. 

No internal connection. 

No internal connection. 

LCD LCD segment drivers for "a", "g", "d" segments of LSD of High Set Point 
Register. 

LCD LCD segment drivers for "f", "e" segments of LSD of High Set Point 
Register, and decimal point P1. 

LCD LCD segment drivers for''b", "c" segments of 2nd LSD (10's digit) of High 
Set PointRegister, and decimal point P2. 

LCD LCD segment drivers for "a", "g", "d" segments of 2nd LSD of High Set 
Point Register. 

LCD LCD segment drivers for "f", "e" segments of 2nd LSD of High Set Point 
Register. 

I-CD LCD segment drivers for "b", "c" segments of 3rd LSD (100's digit) of 
High Set Point Register, and decimal point 3 (P3). 

LCD LCD segment drivers for "a", "g", "d" segments of 3rd LSD of High Set 
Point Register. 

LCD LCD segment drivers for "f", "e" segments of 3rd LSD of High Set Point 
Register. 

LCD LCD segment drivers for "be" segment of MSD of High Set Point 
Register, decimal point P4, and decimal point P5. 

LCD LCD segment drivers for "b", "c" segments of LSD of TSC827 a-d 
conversion result. 

LCD LCD segment drivers for "a", "g", "d" segments of LSD of TSC827 a-d 
conversion result. 

LCD LCD segment drivers for "f", "e" segments of LSD of TSC827 a-d 
conversion result, and decimal point P1. 

LCD LCD segment drivers for "b", "c'.' segments of 2nd LSD (10's digit) of 
TSC827 a-d conversion result, and decimal point P2. 

LCD LCD segment drivers for "a", "g", "d" segments of 2nd LSD of TSC827 
a-d conversion result. 

LCD LCD segment drivers for "f", "e" segments of 2nd LSD of TSC827 a-d 
conversion result, and Underrange flag. 

No internal connection. 
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TSC828 
Pin Description and Function (Continued) 

Pin 
Number Name Function Description 

61 NC No internal connection. 

62 DBCP3 LCD LCD segment drivers for "b'', "c" segments of 3rd LSD (100's digit) of 
TSCB27 a-d conversion result, and decimal point P3. 

63 DAGD3 LCD LCD segment drivers for "a", "g", "d" segments of 3rd LSD ofTSC827 a-d 
conversion result. 

64 DFE30R LCD LCD segment drivers for "f", "e" segments of 3rd LSD of TSC827 a-d 
conversion result, and decimal point 3 (P3). II 65 DBCP4P5 LCD LCD segment drivers for "be" segment of MSD of TSC827 a-d 
conversion result, decimal point P4, and decimal point P5. 

66 LBC1 LCD LCD segment drivers for "b", "c" segments of LSD of Low Set Point 
Register. 

67 LAGD1 LCD LCD segment drivers for "a", "g", "d" segments of LSD of Low Set Point 
Register. 

68 LFEP1 LCD LCD segment drivers for "f", "e" segments of LSD of Low Set Point 
Register, and decimal point P1. 

Figure 1. TSC828 Input Timing Diagram 

EOC 

SCLK 

SDI 
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TSC828 
Figure 2. Typical Application 
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PRODUCT INFORMATION 

GENERAL DESCRIPTION 
The TSC828 is an LCD display driver which 

can control up to three separate 3-1/2 digit numeric 
displays. 

Included on-chip are a serial to parallel shift 
register, three data registers, LCD display decoder/ 
drivers, decimal point driver logic, set point alarm 
input/outputs, piezoelectric alarm driver, and clock 
oscillator. A simplified block diagram is shown in 
Figure 3. 

The TSC828 can be directly connected to a 
TSC827 analog to digital converter. The TSC827 drives 
a 101 segment LCD bar graph display, and also 
includes two set point alarms and a serial data output. 
The TSC828 receives data from the TSC827 AID 
converter via the serial data input and serial clock. 
Logic on the TSC828 determines whether the received 
data should be latched into the AID data, low set point, 
or high set point display registers. Data from each of 
the three display registers is displayed on a triplexed 
(three backplanes) LCD display. 

Figure 3. TSC828 Simplified Block Diagram 

Vee 

GND 
"""' TSC828 

EOC!----------. 

SDI 

SCLK 

ISPH/SPH 

ISPL/SPL 

MSP/OVR 

IN/OUT 

SERIAL TO 
PARALLEL S.R. 

RESET 
ALARM 

TSC828 

The TSC828 simplifies the entry of set points 
into a TSC827 by demultiplexing the bidirectional set 
point input/alarm output pins. When the Input Set Point 
High (ISPH) or Input Set Point Low (ISPL) inputs are 
set to logic low, the TSC828 will force the TSC827 into 
its enter set point mode. In this mode, negative-going 
pulses on the Modify Set Point (MSP) input will change 
the set point register contents. 

If the TSC827 set point or overrange limits are 
exceeded, the corresponding TSC828 alarm output 
will go to a logic low state and the piezoelectric buzzer 
will be activated. A reset input is provided to disable the 
alarms and the buzzer. 

The TSC828 can also operate as a multidigit 
display driver peripheral in a microprocessor system. 
Data can be output on three separate 3-1/2 digit (1999 
maximum) displays.Alternately, digits can be combined 
to form one or more displays of up to 9-1/2 digits. Two 
data bits, normally used for the A/D converter under
range and overrange bits, can control two LCD seg
ments under software control. 

CLOCK GEN. 

BCD TO 
7-SEGMENT 
DECODERS 

ALARM 
BUZZER 

BUZZER 
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LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

In the µP peripheral mode, data is transferred 
from the µP to the T$C8,28 via a serial interface. Only 
five µP inpuVoutput (1/0) pins are required to load all 
three display registers . 

Five qecimal points or annunciator flags on the 
TSC828 LCD display c11n be controlled directly by 
digital inputs. LCD drivers for the decimal points are 
included for all tl)ree numeric di.splays (AID result, low 
set point, and high set point). A separate LCD annun
ciator output is also available for illuminating segments 
of the display. 

The TSC828. includes an on-chip oscillator. 
The frequency is set by a single resistor. An external 
oscillator can also be used. The LCD refresh rate and 
buzzer frequency.are derived from the internal clock. 

The TSC828 typically operat~ from a single 5 V 
power supply, and can be powered directly from a 
TSC827. LCD drive voltage is normally equal to the 
supply voltage. However, the. drive voltage can be 
adjusted to compensate for LCD display changes with 
temperature, if required. 

THEORY OF OPERATION 

Serial Data Fonnat 
The TSC828 data entry format is shown i.n 

figure 4. Data is entered in binary coded decimal (BCD) 
format, with the least significant bit of the least signi
ficant digit clocked in first. The first three digits are 
complete BCD cllgits (value 0 throu1;1h 9), while the 
fourth (1,000's) digit is only a 0 or a 1. The last bits 
clocked in are the overrange and underrange flag bits. 

The in.ternal structure ofthe shift register, BCD 
to seven segment decoder, and data latch is shown in 
Figure 5. Each 4~bit BCD c:ligit is converted to seven 
segment format and stored in one of the .three data 
latches. 

Figure 4. Serial Data Input Fonnat 

EOC 

SCLK----' 

The underrange and overrange bits of the shift 
register are only recognized in the Data register. These 
two bits are set automatically when the TSC828 is 
connected to a TSC827, or they can be used . as 
programmable annunciators in a µP display driver 
application. 

Serial Interface 
Data is entered into the TSC828 on the serial 

data input (SDI) and clocked in with the serial clock 
input (SCLK). Data is shifted into the TSC828 on the 
rising edge of SC.LK. After 15 clock pulses, data is 
transferred to the appropriate display latch and annun-
ciator registers. . 

An end-of-conversion (EOC). pulse enables 
data entry into the AID results register, unless the ISPL/ 
SPL or ISPH/SPH pins have been pulsed low. If ISPL/ 
SPL or ISPH/SPH are pulsed low, then the next serial 
data transfer will be latched into the low or high set 
point display latch, respectively. 

Set Point Entry 
The TSC828 controls set point entry into a 

TSC827 when the ISPL or ISPH inputs are connected 
to logic low. The truth table for set point entry is shown 
in Table 1. When either ISPL or ISPH are low, the 
TSC828 will take control of the TSC827 bidirectional 
ISPL/SPL, ISPH/SPH, MSP/OVR and IN/OUT pins. 
Then the TSC828 Move Set Point (MSP) input can be 
used to modify the set point limit. __ 

The MSP input is only active when ISPL or 
ISPH are low. In this case, the connected TSC827 is in 
its set point entry mode and the TSC828 MSP/OVR pin 
is an output which will directly follow the MSP input. 
Thus, each time that MSP is strobed low, MSP/OVR will 
go low and the TSC827 set point limit will be increased 
by one. 

901 ~-...-u-A--,-OA--;~0~1000,.;_ro-1000-r-ru-oo-cT"':'o~100~a-r:o~1oo~A"'T""o=1=00:-r701=0c::-T~ru=a::-T~o=1~:-T~o~1~0,-0~1~c-r~o=1a:-T~o=1A:--T-
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Figure 5. TSC828 Serial Input Display Format 
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REGISTER 

SERIAL 
CLOCK 

" THERE ARE SEPARATE DRIVER/LATCHES FOR HIGH 
SET POINT, DATA, AND LOW SET POINT 

LCD Display Driver 
The TSC828 can control three separate 3-1/2 

digit (1999 Max) LCD displays. When used with a 
TSC827 the maximum value that will be displayed is 
1000, but the full 1999 count is available when the 
TSC828 is used as a µP peripheral. Leading zero 
blanking is provided on all three displays. 

Data is stored in three registers, the High Set 
Point, Low Set Point, and Data Display registers. When 
connected to a TSC827, the correct register is selected 
automatically. To access registers with a µP, see the 
"Stand Alone Operation" section. 

Decimal Points/Display Flags 
The DP/FL 1 through DP/FL5 inputs control 

five decimal points or display annunciator flags. Each 
DP/FL LCD bit is repeated on all three 3-1/2 digit 
displays. Connecting a DP/FL input to Vs+ turns on the 
three appropriate LCD segments. Leaving an input 
unconnected, or connected to GND, turns the segments 
off. The DP/FL inputs have a 1 µA pulldown to GND. 

The DP/FL inputs are completely independent, 
i.e. more than one input can be active at the same time. 
If only a single fixed decimal point is required, the LCD 
display can be designed to turn on the decimal point 
with the Annunciator output. Then all five DP/FL inputs 
can be used to control display annunciators. 
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LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

Alarms 
The TSC828 has three digital alarm outputs 

(SPL, SPH, and OVR). These alarms signal that set 
point limits have been exceeded or that the TSC827 
analog input is overranged. A piezoelectric transducer 
driver (BUZ) is also included for applications where an 
audible alarm is required. 

Set point limits are not actually stored and 
compared within the TSC828. Instead, alarms are 
activated in the TSC828 by decoding the TSC827 alarm 
outputs. This feature permits the buzzer output to be 
used in a µP application. 

The TSC827 has bidirectional pins for changing 
set points and for alarm outputs. The TSC828 simplifies 
the alarm interface by providing separate set point 
entry inputs and alarm outputs. Also, the sink current of 
the TSC828 alarms is greater than the TSC827 alarm 
outputs. The TSC828alarm sink current versus voltage 
is shown in figure 6. In TSC827 applications, alarm sink 
current will be limited by the TSC827 DGND output. 

Figure 6. TSC828 Alarm Output Sink Current 

25 50 75 100 125 150 175 

CURRENT SUNK (mA) 

~-_!_he SPL and SPH alarms are controlled by the 
ISPL/SPL and ISPH/SPH inputs, respectively. When 
ISPL/SPL and/or ISPH/SPH are pulled low by the 
TSC827, the corresponding SPL orSPH output will go 
low, the "low" or "high" LCD segment will go on, and 
the "normal" LCD segment will go off. Since the 
TSC827 set points are independent, it is possible for 
SPL, SPH alarms to be active at the same time. 

The OVR alarm is controlled by the MSP/OVR 
pin, in the same manner as SPL and SPH. However, the 
"OVER" annunciator is controlled by bit 13 of the serial 
data. 

During set point entry, theTSC827will be in its 
input mode and the TSC828 display will not be 
updated. All three alarms will remain in the state that 
existed when the TSC828 TN/OUT output went low. 

The Reset Alarm (RALARM) input can be used 
to asyi;ichronously disable the alarm outputs. All outputs 
will go to the high (inactive) state, the buzzer will be off, 
and the "norm" segment of the LCD display will be on. 

APPLICATIONS INFORMATION 

Power 
The TSC828 is designed to operate from a 

single 5 V power supply, applied between the Vs+ and 
GND pins. However, the power supply limit extends 
from 4 V to 6 V. Power supply current is typically only 
500 µA, making the TSC828 ideal for battery powered 
applications. Digital logic levels are referred to Vs+ and 
GND. 

The TSC828 can be powered directly from a 
TSC827, as shown in figure 7. The TSC827 DGND pin is 
an output which provides a regulated voltage source 
about 5 V below Vs+. 

Figure 7. Powering the TSC828 from a TSC827 

Vs+ Vs+ 

"'"' ..,.... TSC828 10µF TSC827 
GND ,,._~..._---1 OGNO 

IN OUT 

When using the TSC828 in a.stand-alone mode 
or as a µP display controller, power is derived from the 
5 V logic supply. A typical connection is shown in figure 
8. 

Clock 
The TSC828 clock frequency is set by a single 

resistor, Rose. connected between the OSC1 and 
OSC2 pins. A typical value for Rose is 160 kO. A graph 
of oscillator frequency versus Rose is shown in figure 9. 
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Figure 8. Powering the TSC828 as a µP Display Driver 
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Figure 9. Oscillator Frequency 
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The internal oscillator may be bypassed by 
driving OSC1 with an external signal. OSC2, the 
oscillator output, should be left unconnected. The 
external oscillator signal should swing from GND to 
Vs+. 

The oscillator frequency determines the LCD 
backplane refresh rate and the buzzer frequency. The 
LCD backplane rate is fosc divided by 768, while the 
buzzer frequency is fosc/32. For Rose= 160 kO, typical 
values are fosc = 60 kHz, LCD refresh rate= 78 Hz, and 
fsuzzER = 1.8 kHz. 

LCD Display 
The TSC828 drives a triplex (multiplexed 3:1) 

liquid crystal display with three backplanes. The LCD 
display can include one to three numeric displays, 
along with decimal points and underrange, overrange, 
low limit, and high limit annunciators. Figure 10 shows 
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TSC828 
the assignment of the display segments to the back
planes and segment drive lines. The backplane drive 
frequency is obtained by dividing the oscillator fre
quency by 768. 

Figure 10. ·LCD Display Segment Assignments 

TSC828 LCD 
Pin No. Pad# BP1 BP2 BP3 

33 35 8P1 I 

34 34 I 8P2 
35 33 I 8P3 
41 32 Annunciator 
42 31 H-81 H-C1 
45 30 H-A1 H-G1 H-01 
46 29 H-F1 H-E1 H-P1 
47 28 H-82 H-C2 H-P2 
48 27 H-A2 H-G2 H-02 
49 26 H-F2 H-E2 I 

50 25 H-83 H-C3 H-P3 
51 24 H-A3 H-G3 H-03 
52 23 H-F3 H-E3 I 

53 22 H-8C4 H-P4 H-P5 
54 21 0-81 O-C1 I 

55 20 O-A1 O-G1 0-01 
56 19 O-F1 O-E1 O-P1 

57 18 0-82 O-C2 O-P2 
58 17 O-A2 O-G2 0-02 

59 16 0-F2 O-E2 I 

62 15 0-83 O-C3 O-P3 
63 14 O-A3 O-G3 0-03 
64 13 O-F3 O-E3 I 

65 12 O-BC4 O-P4 O-P5 
66 11 L-81 L-C1 I 

67 10 L-A1 L-G1 L-01 

68 9 L-F1 L-E1 L-P1 
8 L-82 L-C2 L-P2 

2 7 L-A2 L-G2 L-02 
3 6 L-F2 L-E2 I 

4 5 L-83 L-C3 L-P3 

5 4 L-A3 L-G3 L-03 

6 3 L-F3 L-E3 I 

7 2 L-8C4 L-P4 L-P5 
8 HI LOW NORM 
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LCD DISPLAY DRIVER 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

The TSC828 display font is shown in Figure 11. 
BCD numbers from O through 9 are correctly displayed. 
If values greater than 9 are loaded (for example in aµP 
application) all LCD segments will be off. 

Figure 11. TSC828 Display Font 

a-7 JJu5c71jQ c='-,_o c;_, .. 

• The TSC828 will only display digits O through 9. For values 
greater than 9 (i.e. OA16 through OF16), all LCD segments are off. 

Backplane waveforms are shown in Figure 12. 
These appear on outputs BP1, BP2, and BP3. They 
remain the same regardless of the segments being 
driven. 

Figure 12. Backplane Waveforms 
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Other display output lines have waveforms that 
vary depending on the displays values. Figure 13 shows 
a set of waveforms for the AGO outputs of one digit for 
several combinations of "on" segments. 

Figure 13. Typical Display Output Waveforms 
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LCD Display Source 
Although most users will design their own 

custom LCD display, a standard display for the TSC828 
is available. Figure 14 shows a display, part No. ST-
1322-M1, available from Crystaloid Electronics: 

Crystaloid (USA) 
Crystaloid Electronics 
P. 0. Box 628 
5282 Hudson Dr. 
Hudson, OH 44238 
Phone: (216) 655-2429 
FAX: (216)655-2176 
Part No.: ST-1322-M1 

Annunciator Output 

Crystaloid (Europe) 
Rep France 
102, rue des Nouvelles 
F92150 Suresnes 
France 
Phone: 33-1-42 04 29 25 
FAX: 33-1-45 06 46 99 

The annunciator output is a square wave 
running at the backplane frequency (for example, 78 
Hz when fosc = 60 kHZ). The peak-to-peak amplitude 
is equal to (Vs+ - Vo1sp). Connecting an annunciator of 
the LCD display to the Annunciator output turns it on; 
connecting it to its backplane turns it off. 

LCD Display Drive Voltage (Vo1sP) 
The peak"to-peak LCD drive voltage is equal to 

(Vs+ - Vo1sp). For most applications, Vo1sP can be 
connected directly to GND. This connection will provide 
a typical LCD drive voltage of 5 V p-p for either a TSC827 
or a µP power supply source. 

For applications with a wide temperature range, 
some LCD displays require that the drive levels vary 
with temperature to maintain good viewing angle and 
display contrast. Figure 15 shows TSC827 circuits that 
can be adjusted to give a temperature compensation of 
about 10mV/°C between Vs+ and Vo1SP· With the 
addition of a -5V supply or a TSC7660 DC-DC converter, 
these circuits can also be used in µP applications. The 
diode between GND and VDlsP should have a low turn
on voltage because VoisP cannot exceed 0.3 V below 
GND. 
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TSC828 
Figure 14. TSC828 "fypical LCD Display 
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Figure 15. Temperature Compensating Circuits Buzzer 
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The TSC828 BUZ output will drive a piezo
electric audio transducer. The signal is activated when 
one of the alarms (low set point, high set point, or 
overrange) is active. The buzzer and the alarm outputs 
are disabled when the Reset Alarm (RALARM) input is 
connected to GND. 

The BUZ signal swings from Vs+ to GND. The 
signal is at GND when the buzzer is not active. The 
buzzer frequency is derived from the system clock, and 
is equal to fosc/32. 

Logic Input Pullup/Pulldown 
The TSC828 logic inputs are connected to 

either Vs+ or GND by internal current sources. Decimal 
point inputs (DP/FL 1-DP/FL5) have 10µA pulldowns to 
GND. The ISPL, ISPH, and MSP inputs have a 1 µA 
pullup to Vs+, while the RALARM input has a 10 µA 
pullup to Vs+· 

Applications-Interface to TSC827 
The TSC827 to TSC828 interface is shown in 

Figure 16. The TSC827 Vs+ and DGND pins provide 
power to the TSC828, and also set the logic levels. If the 
TSC827 VoisP pin is used to temperature-compensate 
the LCD drive, then the TSC828 VrnsP pin should be 
connected to the TSC827 VoisP pin. 
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WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

Figure 16. Interface Between TSC827 and TSC828 

-ill + 
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TSC827 

iii/OUT iNIOUT 

.•. 
DGND GNI) 

Data Flow 
Data entry to the TSC828 registers is controlled 

by the TSC827. At the end of each AID conversi.on, data 
is transferred to the TSC828 AID data register via the 
serial input. Similarly, set point limits are transferred to 
the TSC828 low set point and high set point registers: 
When set points are modified, however, the TSC827 is 
controlled by the TSC828. · 

Entering Set Points 
To modify the TSC827 low or high set point 

limits, the ISPLor ISPH input, respectively, is connected 
to GND. The IN/OUT output will go low, putting the 
TSC827 into the set point entry mode, Then, pulses on 
the MSP input can be used to modify the set point limit. 
The truth table for set point entry is shown in Table 1. 

MSP 

OVii 

lSPL 

SPL 

iSl'ii 

Sl'H 

:"W' 
TSC828 

Power Up Sequence 
The TSC827 and TSC828 set point registers 

can easily be cleared when power is applied. The 
procedure given in the "Entering Set Points" section 
can be used. With ISPL or ISPH selected, a single pulse 
on the MSP input will clear both the TSC827 and 
TSC828 registers. 

Alarms 
When TSC827 set point limits are exceeded or 

the analog input is overranged , the appropriate TSC827 
alarm output (ISPL/SPL, ISPH/SPH, or MSP/OVR) will 
go low. Then the associated TSC828 alarm output (SPL, 
SPH, or OVR) will go to low. Also, the piezoelectric 
buzzer will turn on and the "low", "high" or "over" LCD 
annunciator will turn on. Connecting RALARM to GND 
will disable the buzzer, set all alarm outputs to the high 
(inactive) state, and enable the "normal" annunciator of 
the LCD. 
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TSC828 
Table 1. TSC828 Input/Output Truth Table 

TSC828 Input TSC828 Output 

MSP ISPL ISPH MSP/OVR ISPL/SPL ISPH/SPH IN/OUT 

x 0 0 INPUT INPUT INPUT 1 

1 1 0 1 1 0 0 

0 1 0 0 1 0 0 

1 0 1 1 0 1 0 

0 0 1 0 0 1 0 

x 1 1 INPUT INPUT INPUT 1 

Note: X = Don't Care 

Applications-Stand Alone Operation 
The TSC828 can easily be interfaced to a wide 

variety of microprocessors. All logic inputs are CMOS 
compatible, and the serial data input reduces the 
number of µP 1/0 pins required. The µP can control 
three 3-1/2 displays, decimal point/flags, and the 
piezoelectric buzzer. 

The standard LCD display shown in Figure 14 
is typical for a TSC827 application. When used as a µP 
display driver, however, the TSC828 LCD segments can 
be arranged in any useful order. Annunciators such as 
"overrange" and "underrange", for example, can 
changed to any desired message, numeric value, or 
graphical symbol. 

µP Data Entry 
A typicalµPinterface is shown in Figure 17. The 

BCD-coded data is entered on the SDI input and 
clocked in to the shift register on the rising edge of 
SCLK. After 15 clock pulses, data is transferred to the 
appropriate LCD driver/data latch. 

Figure 17. ~pical Interface to µP 

SDI PBI 

"'W" scuc PB1 

C828 µP 
EOC PB2 

TS 
ISPL PB3 
ISPH PB4 

Selecting Display Registers 
To load the Data display register, the µP must 

pulse the TSC828 EOG/HOLD input high and then low. 
This action simulates the TSC827 end of conversion 
pulse and selects the TSC828 ND data register. Data is 
then entered using the serial data format of Figure 4. 
After 15 clock pulses, data will be transferred to the 
Data display register. 

To select the low set point or high set point 
registers, the µP must pulse the ISPL or ISPH input, 
respectively; low and then high. After 15 clock pulses 
on the SCLK input, data will be transferred to the 
appropriate set point register. The EOC input should 
remain in the logic low state when entering data into 
the set point registers. 

Concatenating Displays 
The TSC828 displays can be concatenated to 

produce displays greaterthan 3-112 digits. For example, 
the high set point 3-1/2 digit display can be combined 
with the three least significant digits of the low set point 
display to form a 6-1/2 digit display. In this case, the 
"1000s" digit of the low set point register (812 of Figure 
5) must be set to a logic high during the serial data 
entry. If this is not done, the zero blanking circuitry will 
blank the low set point display when leading zeros are 
displayed. 
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WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 

Accessing Display Flags 
Two LCD display segments can be controlled 

via the serial input ,in a TSC827 applicatib,n these 
segments are used.fodhe overrange.and underrange 
flags. For stand alone operation, these flags can be 
used for any display purpose. The flags are accessed 
via bits 813 and 814 of the data register: To turn on 
either of these flags, a logic high should be clocked into 
the appropriate bit position when data is entered into 
the data register. 

Table 2. TSC828 Alarm and Buzzer Truth Table 

TSC828 Input (Note 1) 

MSP/OVR ISPL/SPL ISPL/SPH 

1 1 1 

0 1 1 

1 0 1 

1 1 0 

1 0 0 

0 0 1 

0 1 0 

0 0 0 

Notes: 
1. ISPL & ISPH inputs; Vs+ 
2. Square wave output, f ; fosc/32 

OVR 

1 

0 

1 

1 

1 

0 

0 

0 

Buzzer 
The piezoelectric buzzer can be turned on and 

off via the MSP/OVR, ISPL/SPL, or ISPH/SPH bidirec
tional pins. These three 1/0 pins are ORed internally, so 
connecting one or more to GND will turn the buzzer on. 
Connecting all three 1/0 pins to Vs+, or leaving them 
unconnected, will turn the buzzer off. The TSC828 
ISPL and ISPH inputs must be in the logic high state for 
the buzzer to operate. Connecting the RALARM input 
to GND will disable the buzzer. The alarm truth table is 
shown in Table 2. 

TSC828 Output 

SPL SPH BUZ 

1 1 DGND 

1 1 Note 2 

0 1 Note 2 

1 0 Note 2 

0 0 Note 2 

0 1 Note 2 

1 0 , Note 2 

0 0 Note 2 



~_.,.TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" TSC7106 

TSC7107 
3 1/2 DIGIT AID CONVERTER 

O.lµF 

34 33 

LCD DISPLAY cAEF CREF 
1 MD 

-1999 + 

tNNP~~OG 0.01 µF 

BACKPLANE 
DRIVE 

..,~ 

TSC7106 

0.22µF 1.0kn 

TO ANALOG COMMON (P32) 

100 k,\1 

Figure 1: Typical TSC7106 Operating Circuit 

FEATURES 
• Drives LCD or LED Displays Directly 
• Guaranteed Zero Reading with Zero Input 
• low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 
• Auto-Zero Cycle Eliminates Need for Zero Adjust

ment Potentiometer 
• True Polarity Indication for Precision Null Appli-

cations 
• Convenient 9 V Battery Operation (TSC7106) 
• High Impedance CMOS Differential Inputs .. 1012 0 
• Differential Reference Inputs Simplify Ratiometric 

Measurements 
• Low Power Operation . . . . . . . . . . . . . . . . 10 mW 

0.1 µF 

34 33 

1M'1 
cAEF CfiEF 

47 kH 
..,~ 

TSC7107 

0.22µF 

100 kn 

v' 

COMMON 
ANODE 
LED 
DISPLAY 

-1999 

+5 v 

1.0kH 

-5V 

TO ANALOG COMMON 'P32) 

3 CONVERSIONS/SEC 
200 mV FULL-SCALE 

Figure 2: Typical TSC7017 Operating Circuit 
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Pin Configuration 
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TSC7106 
TSC7107 
Pin Configuration (Continued) 

VINT 

VsuFF 

NC 

CAz 

NC 

VIN 

SUB 

I U N 
> z " 

NOTES: 
1. NC= NO INTERNAL CONNECTION 

M M M 
w ~ "' 

2. PINS 8; 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY v+, NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

Absolute Maximum Ratings 
TSC7106 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage (either input) (Note 1) .... V+ to v-
Reference Input Voltage (either input) . . . . . . . . . . V+ to v
Clock Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V+ 
Power Dissipation (Note 2) 

CerDIP Package ........................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ............................ 0° C to + 70° C 
"I" Devices ........................... -25° C to +85° C 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

7-186 

3 1/2 DIGIT AID CONVERTER 

VINT 

VsuFF 

NC 

CAz 

NC 

VIN 

NOTES: 
1. NC= NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 

SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY v+, NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

TSC7107 
Supply Voltage 

., 

v+ ............................................. +6 v 
v .............................................. -9 v 

Analog Input Voltage (either input) (Note 1) . . • . V+ to v
Reference Input Voltage (either input) . . . . . . . . . . V+ to v-
Clock Input ................................. GND to V+ 
Power Dissipation (Note 1) 

CerDIP Package ........................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ............................ 0°c to +70°C 
"I" Devices ........................... -25°C to +85°C 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 



PRODUCT INFORMATION 

Electrical Characteristics (Note 3) 

CHARACTERISTICS CONDITIONS 

Zero Input Reading VtN = 0.0 V 
Full-Scale = 200.0 mV 

Ratiometric Reading VtN = VREF 
VREF = 100 mV 

Rollover Error (Difference in 
Reading for Equal Positive and -V1N = +V1N ~ 200.0 mV 
Negative Reading Near Full-Scale) 

Linearity (Max. Deviation From Full-Scale= 200 mV 
Best Straight Line Fit) or Full-Scale = 2.000 V 

Common-Mode VcM = ±1 V, V1N = 0 V. 
Rejection Ratio (Note 4) Full-Scale = 200.0 mV 

Noise (Pk - Pk Value Not V1N = 0 V 
Exceeded 95% of Time) Full-Scale = 200.0 mV 

Leakage Current @ Input V1N = 0 V 

V1N = 0 V 

Zero Reading Drift "C" Device= o•c to 70°C 
V1N = 0 V 
"I" Device= -25°C to +85°C 

V1N = 199.0 mV, 

Scale Factor "C" Device = o• c to 70° C 

Temperature Coefficient (Ext. Ref = 0 ppm/° C) 
V1N = 199.0 mV 
"I" Device: -25° C to +85° C 

Supply Current (Does Not 
VtN =O Include LED Current for 7107) 

Analog Common Voltage (With 25 kn Between Common 
Respect to Pas. Supply) and Pas. Supply 

Temp. Coeff. of Analog common 25 kn Between Common 
(With Respect to Pas. Supply) and Pas. Supply 

TSC7106 ONLY Pk - Pk v+ to v- = 9 v 
Segment Drive Voltage (Note 5) 

TSC7106 ONLY Pk - Pk + -
Backplane Drive Voltage (Note 5) V toV =9V 

TSC7107 ONLY v+= s.o v 
Segment Sinking Current Segment Voltage = 3 V (Except Pin 19) 

TSC7107 ONLY v·= s.o v Segment Sinking Current Segment Voltage = 3 V (Pin 19 Only) 

NOTES: 
1. Input voltages may exceed the supply voltages provided the input current is · 

limited to ± 100 µA. 
2. Dissipation rating assumes device is mounted with all leads soldered to 

printed circuit board. 
3. Unless other wise noted, specifications apply to both the TSC7106 and 

TSC7107 at TA= 25°C, fcLOCK =48 kHz. TSC7106 is tested in the circuit of 
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MIN TYP 

-000.0 ±000.0 

999 999/1000 

-1 ±0.2 

-1 ±0.2 

50 

15 

0.2 

1.0 

0.8 

2.4 2.8 

80 

4 5 

4 5 

5 8.0 

10 16 

TSC7106 
TSC7107 

MAX UNIT 

+000.0 Digital Reading 

1000 Digital Reading 

+1 Counts 

+1 Counts 

µVIV 

µV 

10 pA 

µV/°C 

2 

5 ppm/•c 

20 ppm/°C 

1.8 mA 

3.2 v 

ppm/°C 

6 v 

6 v 

mA 

mA 

Figure 1. TSC7107 Is tested in the circuit of Figure 2. 
Refer to "Differential Input" discussion. 

5. Backplane drive is in phase with segment drive for 'off' segment, 180° out of 
phase for 'on' .segment. Frequency is 20 times conversion rate. Average 
de component is less than 50 mV. 
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3 1/2 DIGIT AID CONVERTER 

TSC7106 
TSC7107 
Pin Description 

40-Pln DIP &O·Pln 
Pin Number Flat Package 
Normal (Reverse) Pin Number Name Description 

1 (40) 13 v+ Positive supply voltage. 

2 (39) 14 Di Activates the D section of the units display. 

3 (38) 15 Ci Activates the C section of the units display. 

4 (37) 16 Bi Activates the B section of the units display. 

5 (36) 17 Ai Activates the A section of the units display. 

6 (35) 18 Fi Activates the F section of the units display. 

7 (34) 19 Gi Activates the G section of the units display. 

8 (33) 20 Ei Activates the E section of the units display. 

9 (32) 21 D2 Activates the D section of the tens display. 

10 (31) 25 C2 Activates the C section of the tens display. 

11 (30) 26 B2 Activates the B section of the tens display. 

12 (29) 27 A2 Activates the A section of the tens display. 

13 (28) 28 F2 Activates the F section of the tens display. 

14 (27) 29 E2 Activates the E section of the tens display. 

15 (26) 30 D3 Activates the D section of the hundreds display. 

16 (25) 31 B3 Activates the B section of the hundreds display. 

17 (24) 32 F3 Activates the F section of the hundreds display. 

18 (23) 33 E3 Activates the E section of the hundreds display. 

19 (22) 34 AB4 Activates both halves of the 1 in the thousands display. 

20 (21) 35 POL Activates the negative polarity display. 

21 (20) 36 BP TSC7106: LCD Backplane drive output. 
GND TSC7107: Digital Ground. 

22 (19) 37 G3 Activates the G section of the hundreds display. 

23 (18) 40 A3 Activates the A section of the hundreds display. 

24 (17) 41 C3 Activates the C section of the hundreds display. 

25 (16) 43 G2 Activates the G section of the tens display. 

26 (15) 45 v Negative power supply voltage. 

27 (14) 46 V1NT Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 

28 (13) 47 VeuFF Integration resistor connection. Use a 47 kll for a 200 mV full-scale 
range and a 470 kll for 2 V full-scale range. 

29 (12) 49 CAZ The size of the auto-zero capacitor influences the system noise. Use a 
0.47 µF capacitor for a 200 mV full-scale, and a 0.047 µF capacitor for a 
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. 

30 (11) 51 viN The analog low input is connected to this pin. 

31 (10) 55 vi'N The analog high input signal is connected to this pin. 

32 (9) 57 Analog This pin is primarily used to set the analog common-mode voltage for 
Common battery operation or in systems where the input signal is referenced to the 

power supply. See paragraph on ANALOG COMMON for more details. It also 
acts as a reference voltage source. 

33 (8) 58 CREF See pin 34. 

34 (7) 59 C~EF A 0.1 µF capacitor is used in most applications. If a large common-mode 
voltage exists (for example the ViN pin is not at analog common), and 
a 200 mV scale is used, a 1.0 µFis recommended and will hold the 
rollover error to 0.5 count. 

35 (6) 50 VREF See pin 36. 
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Pin Description (Cont.) 
40-Pln DIP 60-Pln 
Pin Number Flat Package 

TSC7106 
TSC7107 

Normal (Reverse) Pin Number Name Description 

36 (5) + 
VREF The analog input required to generate a full-scale output (1,999 

counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale. 
Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para
graph on REFERENCE VOLTAGE. 

37 (4) 3 Test Lamp test. When pulled high (to V ) all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TEST for additional 
information. 

38 (3) 4 OSC3 See pin 40. 

39 (2) 6 OSC2 See pin 40. 

40 (1) 10 OSC1 Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock 
(3 readings per section) connect pin 40 to the junction of a 100 kn resistor and 
a 100 pF capacitor. The 100kn resistor is tied to pin 39and the 100 pF capacitor 
is tied to pin 38. 

Analog Section 
Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7106 and TSC7107. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (I NT) and (3) reference (REF). 

Auto-Zero Phase 
Input high and low are disconnected from the pins and inter
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor C/,.z to 
compensate for offset voltages in the buffer amplifier, inte
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 µV. 

Signal Integrate Phase . 
The auto-zero loop is opened, the internal short is removed, 
and the internal input.high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between vi'N and ViN for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig
nal has no return with respectto the converter power supply, 
ViN can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 

Reference Integrate Phase 
The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 

reading displayed is: 

1000X 
V1N 

VREF 

Differential Reference 
The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common-mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capa
citance on its nodes. If there is a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose charge 
(decrease voltage) when called up to deintegrate a negative 
input signal. This difference in reference for (+) or (-) input 
voltage will give a roll-over error. By selecting the reference 
capacitor large enough in comparison to the stray capaci
tance, this error can be held to less than 0.5countforthe worse 
case condition. (See Component Values Selection.) 

Differential Input 
The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi
tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega
tive input signal drives the integrator positive when most of 
its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 

7-189 

• 



TSC7106 
TSC7107 
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Figure 3: Analog Section of TSC7106/TSC7107 

Analog Common 
This pin is included primarily to set the common-mode volt
age for battery operation (TSC7106) or for any system where 
the input signals are floating with respect to the power sup
ply. The common pin sets a voltage that is approximately 2.8 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V). the common 
voltage will have a low voltage coefficient (0.001%/%). low 
output impedance ("'15 0), and a temperature coefficient of 
80 ppm/° C typically. 

An external reference may be added to improve temperature 
stability or the TSC7106A/TSC7107A devices with lower 
analog common temperature drift may be used. The circuit is 
shown in Figure 4. 

"'" VfiEF 
TSC7106A 

'TSC7107A 

l•l 

v• 

6.BVOLT 
ZENER 

COMMON 

(bl 

Figure 4: Using an External Reference 

6.Bkn 

., ... 
TSC9491CJ 

1.2V 
REFERENCE 

Analog common is a.lso used as the viN return during auto
zero and deintegrate. If VIN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications VIN will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common.-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 µA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 
The TEST pin serves two functions. On the TSC7107 it is 
coupled to the internally generated digital supply through 
a 500 O res.istor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a "lamp test." When. TEST is pulled 
high (to V+) all segments will be turned on and the display 
should read-1888. The TEST pin will sink about 10 mA under 
these conditions. 

Caution: On the TSC7106, in the lamp test mode the seg
ments have a constant de voltage (no square-wave) and may 
burn the LCD display if left in this mode for several minutes. 
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Figure 5: Simple Inverter for Fixed Decimal Point 
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Figure 6: Exclusive 'OR' Gate for Decimal Point Drive 
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Figure 7: Clock Circuits 
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I 
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Figures 8 and 9 show the digital section for the TSC7106 and 
TSC7107, respectively. In the TSC7106 (Figure 8), an inter
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible de voltage exists across the 
segments. 

TSC7106 
TSC7107 

Figure 9 is the Digital Section of the TSC7107. It is identical 
to the TSC7106 except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7107 is designed to drive common anode LEDs. 

In both devices, t~e polarity indication is "on" for negative 
analog inputs. If V1N and V1N are reversed, this indication can 
be reversed also, if desired. 

System Timing 
Figure 9 shows the clocking method used in the TSC7106 
and TSC7107. Three clocking methods may be used: 
1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and 
auto-zero (1000 to 3000 counts). For signals less than full
scale auto-zero gets the unused portion of reference 
de-integrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For three 
readings/second, an oscillator frequency of 48 kHz would be 
used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 

Component Value Selection 
Auto-Zero Capacitor 
The size of the auto-zero capacitor has some influence on 
the noise of the system. For 200 mV full-scale where noise 
is very important, a 0.47 µF capacitor is recommended. On 
the 2 volt scale, a 0.047 µF capacitor increase the speed of 
recovery from overload and is adequate for noise on this 
scale. 

Reference Capacitor 
A 0.1 µF capacitor is acceptable in most applications. How
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.0 µF will hold the roll-over error to 0.5 count in this instance. 

Integrating Capacitor 
The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 
supply). In the TSC7106 or the TSC7107, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7107 with ±5 volt 
supplies and analog common tied to supply ground, a±3.5 to 
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±4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for CJNT are 0.22 µ1F and 0.10 µF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 

The integrating capacitor must have low dielectric absorp
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 
Both the buffer amplifier and the integrator have a class A 
output stage with 100 µA of quiescent current. They can 
supply 20 µA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full-scale, 470 kn is near 
optimum and similarly a 47 kO for a 200.0 mV scale. 

Oscillator Components 
For all ranges of frequency a 100 kn resistor is recom
mended and the capacitor is selected from the equation 
f = .§_ For 48 kHz clock (3 readings/second), C = 100 pF. 

RC 

Reference Voltage 
The analog input required to generate full-scale output 
(200 counts) is: V1N =2 VREF. Thus, for the 200.0 mVand 2.000 
volt scale, VREF should equal 100.0 mV and 1.00 volt respec
tively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor other 
than unity between the input voltage and the digital reading. 
For instance, in a weighing system, the designer might like to 
have a full-scale reading when the voltage form the trans
ducer is 0.682 V. Instead of dividing the input down to 
200.0 mV, the designer should use the input voltage directly 
and select VREF = 0.341 V. Suitable values for integrating 
resistor and capacitor would be 120 kO and 0.22 µF. This 
makes the system slightly quieter and also avoids a divider 
network on the input. The TSC7107 with ±5 V supplies can 
accept input signals up to ±4 V. Another advantage of this 
system occurs when a digital reading of zero is desired for V1N 
¥ 0. Temperature and weighing systems with a variable tare 
are examples. This offset reading can be conveniently 
generated by connecting the voltage transducer between 
vi'N and common and the variable (or fixed) offset voltage 
between common and VIN. 

TSC7107 Power Supplies 
The TSC7107 is designed to work from ±5 V supplies. How
ever, if a negative supply is not available, it can be generated 
from the clock output with two diodes, two capacitors and an 
inexpensive IC. Figure 10 shows this application. 

In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 
• The input signal can be referenced to the center of the 

common-mode range of the converter. 
• The signal is less than ±1.5 volts. 
• An external reference is used. 

.., ... 
TSC7107 

y-

TSC7106 
TSC7107 

Figure 10: Generating Negative Supply From+ SY 

Typical Applications 

TOPIN 1 

Figure 11: TSC7106 Using the Internal Reference. (200 
mV Full-Scale, 3 RPS). 

TOPIN 1 

Figure 12: TSC7107 Internal Reference (200 mV Full
Scale, 3 RPS, V)NTied to GND for Single 
Ended Inputs). 
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Figure 13: Circuit for Developing Underrange and 
Overrange Signals from TSC7106 Outputs. 

TO PIN 1 

Figure 14: TSC7107 With a 1.2 V External Band-Gap 
Reference. VIN Ti.ed to Common). 

Applications Information 
The TSC7107 sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7107 package power 
dissipation is reduced. 

Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7107 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1mAX3.2 V X 24 segments 
= 622 mW. 

3 1/2 DIGIT AID CONVERTER 

TOPIN 1 

Figure 15: TSC7106/TSC7107: Recommended Com
ponent Values for 2.0Q' V Full-Scale. 

Figure 16: TSC7107 Operated from Single +5 V Supply. 
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An External Reference Must Be Used in This 
Application. 

Notice, however, that once the TSC7107 output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 

Reduced power dissipation is very easy to.obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1/4watt resistor or a 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107). The resistor will reduce the TSC7107 output 
voltage, when all 24 segments are "ON," to point "C" of Fig. 



PRODUCT INFORMATION 

17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point "B." 

In addition to limiting maximum power dissipation, the resis
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are "ON," each "ON" output drops more voltage 
and current. For the best case of six segments (a "111" dis
play) to worst case (a "1888" display) the resistor circuit will 

Figure 17: TSC7107 Output Current vs Output Voltage 

Package Information 
40-Pin Plastic Dual-In-Line Package 

(Package #17) 

1---2.050(51.816)---1 

0.540 (13.716) 
NOM. 

-..J i--·0~00~~~~26s~iP. (41sso4l (o~:;sl 
I I · ' ---L TYP. 

~~ -~ .012•.001 

- TYP. TYP. ~ --i- 1 '/Ir ~~, -r- 10.JO•, 0.02•1 

1- -ir- --1 h,1~~ 1 .125(3.171 ~0660-;-1 
.070 .018 (0.457) MIN. (16.764) 

(1.778) .020 (0.508) MAX. 
TYP. TVP. 

40-Pin CerDIP 
(Package #20) 

BEND r- .610 ---I 
lr_sgo~I 

,Fl], 
15' MAXJ I II 0.012 

~ -1r-o.oos 

TSC7106 
TSC7107 

change about 230 mW, while a circuit without the resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, diode may be used instead of the resistor. 

+5V IN -5 v 

1son 

IN4001 

l_ ... _J 
-1999 i.----~ 

Figure 18: Diode or Resistor Limits Package Power 
Dissipation 

60-Pin Flat Package 

~~ l 1 
"" 60~=~~luT '"' 

PIN 1 INDICATION 
DIMPLE OR sunoN "SQ" Package - Unformed Leads 

(Package #22) 

-·- \~ _l___,.-----------------,,....1~ 

1""sm i M 1 
J,. I·"" .012 !-- i.050• .006 .OJ: 

"BQ" Package - Formed Leads 

(Package #21) 
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0.1 µF 
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·1MO 
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ANALOG 
INPUT 

0.22µF 
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'-=='\NI,--' 100 pF 
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BACKPLANE 
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TOANALOC:i 
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3 CONVERSIONS/SEC 
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Figure 1: Typical TSC7106A Operating Circuit 

FEATURES 
• Internal Reference with Low 

Temperature Drift . . . . . . . . . . 20 ppm/° C Typical 
50 ppm/° C Maximum 

• Drives LCD or LED Displays Directly 
• Guaranteed Zero Reading with Zero Input 
• Low Noise for Stable Display 
• Auto-Zero Cycle Eliminates Need for Zero Adjust

ment 
• True Polarity Indication for Precision Null Appli-

cations 
• Convenient 9 V Battery Operation (TSC7106A) 
• High Impedance CMOS Differentlallnputs .. 1012 Cl 
• Differential Reference Inputs Simplify Ratiometric 

Measurements 
• Low Power Operation . . . . . . . . . . . . . . . . 10 mW 
• Available in 60-Pin Plastic Flat Package 

0.1 µF 

34 33 

1Mn 

0.22µ.F 

100 kn 

COMMON 
ANODE 
LED 
DISPLAY 

-1999 

1.okn 

TO ANALOG 
COMMON (P32) 

3 CONVERSIONS/SEC 
200 mV FULL-SCALE 

Figure 2: Typical TSC7017A Operating Circuit 
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TSC7106A 
TSC7107A 
GENERAL DESCRIPTION Ordering Information 

The TSC7106A and TSC7107A 3-1/2 digit direct 
Pin Temp. Display 

display drive analog-to-digital converters allow existing Part No. Package Layout Range Drive 
7106/7107 based systems to be upgraded. Each device 

40-Pin O'C to offers a precision internal voltage reference featuring a TSC7106ACPL 
Plastic Dip 

Normal 
+70'C 

LCD 

20 ppm/°C typical, 50 ppm/°C maximum temperature 
40-Pin O'C to drift coefficient. This represents a 4 to 7 times im- TSC7106ARCPL Reverse LCD 

provement over similar 3 1/2 digit converters. Existing 
Plastic Dip +70'C 

7106 or 7107 based systems may be upgraded without TSC7106AIJL 
40-Pin 

Normal 
-25'C to 

LCD 
changing external passive component values. The CerDIP +85'C 

need for a costly, space consuming external reference 60-Pin 
Formed O'C to 

is removed. The TSC7107 A drives common anode light TSC7106ACBQ Plastic Flat 
Leads +70'C 

LCD 

emitting diode (LED) displays directly with an 8 mA 
Package 

drive current per segment. A low cost, high resolution TSC7106ACKW 44-Pin Formed O'C to LCD 

indicating meter requires only a display, four resistors, 
Plastic Flat Leads +70'C 

and four capacitors. The TSC7106A low power drain TSC7106ACLW 44-Pin O'C to LCD 

and 9 V battery operation make it suitable for portable PLCC +70'C 

applications. TSC7107 ACPL 
40-Pin 

Normal 
O'C to 

LED 
The TSC7106A/TSC7107A reduces linearity Plastic Dip +70°C 

error to less than 1 count. Rollover error - the 
TSC7107 ARCPL 

40-Pin 
Reverse 

O'C to 
LED 

difference.in readings for equal magnitude but opposite Plastic Dip +70°C 

polarity input signals - is below ±1 count. High 
TSC7107 AIJL 

40-Pin 
Normal 

-25°C to 
LED 

impedance differential inputs offer 1 pA leakage current CerDIP +85°C 

and a 1012 n input impedance. The differential reference 60-Pin 
Formed O'C to input allows ratiometric measurements for ohms or TSC7107ACBQ Plastic Flat 
Leads +70'C 

LED 

bridge transducer measurements. The 15 µVp_p noise Package 

performance guarantees a "rock solid" reading. The 
TSC7107ACKW 44-Pin Formed 0°C to LED 

auto-zero cycle guarantees a zero display reading with Plastic Flat Leads +70°C 

a zero volt input. 
TSC7107ACLW 44-Pin 0°c to LED 

The TSC7106A/TSC7107A dual slope conver- PLCC +70°C 

sion technique automatically rejects interference signals Devices with Burn-In (160 Hours at +125° C) 
if the converters integration time is set to a multiple of 

40-Pin 0°C to the interference signal period. This is especially useful TSC7106ACPL/BI Plastic Dip Normal 
+70°C 

LCD 

in industrial measurement environments where 50, 60 
and 400 Hz.line frequency signals are present. TSC7107 ACPL/BI 

40-Pin 
Normal 0°C to 

LED 

The TSC7106A/TSC7107A are available in a 
Plastic Dip +70°C 

small 60-pin flat package for compact designs. DIP TSC7107 AIJL/BI 
40-Pin 

Normal 
-25'C to 

LED 
devices are offered in an industrial temperature range CerDIP +85°C 

and with burn-in lasting for 160 hours at +125°C. 
Where long battery life is needed see the 

TSC7126 or the TSC7126A data sheets. 
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Pin Configuration 
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TSC7106A 
TSC7107A 
Pin Configuration (Cont.) 

COMMON 

CfiEF 

C~EF 

VReF 

Absolute Maximum Ratings 
TSC7106A 

M M M 
w ~ "' 

Supply Voltage (v"• to V-) ........................ 15 V 
Analog Input Voltage (either input) (Note 1) .... V+ to V-
Reference Input Voltage (either input) . . . . . . . . . . V+ to V
Clock Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V+ 
Power Dissipation (Note 2) 

CerDIP Package .......................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ........................... 0° C to + 70° C 
"I" Devices .......................... -25°C to +85°C 

Storage Temperature . . . . . . . . . . . . . . . . . -65° C to +160° C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

VINT 

VsuFF 

NC 

CAz 

NC 

VfN 

NC 

SUB 

NC 

NC 

COMMON 

CREF 

cREF 
VREF 
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TSC7107A 
Supply Voltage 

v+ ............................................ +6 v 
v ............................................. -9 v 

Analog Input Voltage (either input) (Note 1) . . . . V+ to V-
Reference Input Voltage (either input) .......... V+ to V-
Clock Input ................................. GND to V+ 
Power Dissipation (Note 2) 

CerDIP Package .......................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ........................... 0°c to +70°C 
"I" Devices .......................... -25° C to +85° c 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 

in the operational sections Of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 
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Electrical Characteristics (Note 3) 

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 

Zero Input Reading V1N =0.0 V -000.0 ±000.0 +000.0 Digital Reading 
Full-Scale = 200.0 mV 

Ratiometric Reading V1N = VREF 999 999/1000 1000 Digital Reading 
VREF = 100 mV 

Rollover Error (Difference in 
Reading for Equal Positive and -V1N = +V1N ~ 200.0 mV -1 ±0.2 +1 Counts 
Negative Reading Near Full-Scale) 

Linearity (Max. Deviation From Full-Scale = 200 mV -1 ±0.2 +1 Counts 
Best Straight Line Fit) or Full-Scale = 2.000 V 

Common-Mode VcM = ±1 V, V1N = 0 V. 50 µVIV 
Rejection Ratio (Note 4) Full-Scale = 200.0 mV • Noise (Pk - Pk Value Not V1N =0 V 15 µV 
Exceeded 95% of Time) Full-Scale = 200.0 mV 

Leakage Current @ Input V1N = 0 V 10 pA 

V1N =0 V 

Zero Reading Drift "C" Device = 0° C to 70° C 0.2 µV/°C 
V1N =0 V 
"I" Device= -2s•c to +as•c 1.0 2 

V1N = 199.0 mV, 

Scale Factor "C" Device = 0° C to 70° C 5 ppm/°C 

Temperature Coefficient (Ext. Ref = 0 ppm/° C) 
V1N = 199.0 mV 20 ppm/°C 
"I" Device: -25° c to +as• c 

Supply Current (Does Not 
V1N =0 0.8 1.8 mA 

Include LED Current for TSC7107A) 

Analog Common Voltage (With 25 kn Between Common 2.7 3.05 3.35 v 
Respect to Pos. Supply) and Pos. Supply 

25 kn Between Common 
Temp. Coell. of Analog Common and Pos. Supply 

o•c,;:; TA,;:; ro•c 20 50 ppm/°C 
(With Respect to Pos. Supply) "C," Commercial Temp. 

Range Devices 

25 kn Between Common 
Temp. Coeff. of Analog Common and Pos. Supply 

-2s•c,;:; TA,;:; as•c 75 ppm/°C 
(with Respect to Pos. Supply) "I," Industrial Temp. 

Range Devices 

TSC7106A ONLY Pk - Pk + - 5 6 v 
Segment Drive Voltage (Note 5) V toV =9V 4 

TSC7106A ONLY Pk - Pk v+ to v- = 9 v 4 5 6 v 
Backplane Drive Voltage (Note 5) 

TSC7107A ONLY v+ = s.o v 
Segment Sinking Current Segment Voltage = 3 V 

5 8.0 mA 
(Except Pin 19) 

TSC7107A ONLY v+ = s.o v 
Segment Sinking Current Segment Voltage = 3 V 10 16 mA 
(Pin 19 Only) 

NOTES: 
1. Input voltages may exceed the supply voltages provided the input current is of Figure 1. TSC7107A is tested in the circuit of Figure 2. 

limited to ± 100 µA. 4. Refer to "Differential Input" discussion. 
2. Dissipation rating assumes device is mounted with all leads soldered to 5. Backplane drive is in phase with segment drive for'off' segment, 180° out of 

printed circuit board. phase for 'on' segment. Frequency is 20 times conversion rate. Average 
3. Unless other wise noted, specifications apply to both the TSC7106A and de component is less than 50 mV. 

TSC7107 A atT A~ 25° c. !CLOCK~ 48 kHz. TSC7106A is tested in the circuit 
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TSC7106A 
TSC7107A 
Pin Description 

40-Pln DIP 60-Pin 
Pin Number Flat Packaga 
Normal (Reverse) Pin Number Name Description 

(40) 13 v+ Positive supply voltage. 

2 (39) 14 Di Activates the D section of the units display. 

3 (38) 15 C1 Activates the C section of the units display. 

4 (37) 16 B1 Activates the B section of the units display. 

5 (36) 17 Ai Activates the A section of the units display. 

6 (35) 18 F1 Activates the F section of the units display. 

7 (34) 19 Gi Activates the G section of the units display. 

8 (33) 20 Ei Activates the E section of the units display. 

9 (32) 21 Dz Activates the D section of the tens display. 

10 (31) 25 C2 Activates the C section of the tens display. 

11 (30) 26 Bz Activates the B section of the tens display. 

12 (29) 27 Az Activates the A section of the tens display. 

13 (28)· 28 Fz Activates the F section of the tens display. 

14 (27) 29 Ez Activates the E section of the tens display. 

15 (26) 30 DJ Activates the D section of the hundreds display. 

16 (25) 31 B3 Activates the B section of the hundreds display. 

17 (24) 32 F3 Activates the F section of the hundreds display. 

18 (23) 33 E3 Activates the E section of the hundreds display. 

19 (22) 34 AB4 Activates both halves of the 1 in the thousands display. 

20 (21) 35 POL Activates the negative polarity display. 

21 (20) 36 BP TSC7106A: LCD Backplane drive output. 
GND TSC7107A: Digital Ground. 

22 (19) 37 GJ Activates the G section of the hundreds display. 

23 (18) 40 A3 Activates the A section of the hundreds display. 

24 (17) 41 C3 Activates the C section of the hundreds display. 

25 (16) 43 Gz Activates the G section of the tens display. 

26 (15) 45 v Negative power supply voltage. 

27 (14) 46 V1NT Integrator output. Connectic:m point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 

28 (13) 47 VBUFF Integration resistor connection. Use a 47 kn for a 200 mV full-scale 
range and a 470 kn for 2 V full-scale range. 

29 (12) 49 CAZ The size of the auto-zero capacitor influences the system noise. Use a 
0.47 µF capacitor for a 200 mV full-scale, and a 0.047 µF capacitor for a 
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. 

30 (11) 51 viN The analog low input is connected to this pin. 

31 (10) 55 V1~ The analog high input signal is connected to this pin. 

32 (9) 57 Analog This pin is primarily used to set the. analog common-mode voltage for 
Common battery operation or in systems where the input signal is referenced to the 

power supply. See paragraph on ANALOG COMMON for more details. It also 
acts as a reference voltage source. 

33 (8) 58 CREF See pin 34. 

34 (7) 59 CREF A 0.1 µF capacitor is used in mo~ applications. If a large common-mode 
voltage exists (for example the V1N pin is not at analog common), and 
a 200 mV scale is used, a 1.0 µF is recommended and will hold the 
rollover error to 0.5 count. 

35 (6) 60 VREF See pin 36. __________ ,,_, 
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Pin Description (Cont.) 
40-Pln DIP 60-Pln 
Pin Number Flat Package 
Normal (Reverse) Pin Number 

36 (5) 

37 (4) 3 

38 (3) 4 

39 (2) 6 

40 (1) 10 

Pin Configurations 

~"' TSC7106ACLW 
TSC7107ACLW 

(PLCC) 

Name 

VREF 

Test 

OSC3 

OSC2 

OSC1 

Description 

The analog input required to generate a full-scale output (1,999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale. 
Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para
graph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to V+) all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TEST for additional 
information. 

See pin 40. 

See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock 
(3 readings per section) connect pin 40 to the junction of a 100 kfl resistor and 
a 100 pf capacitor. The 100 kfl resistor is tied to pin 39 and the 100 pf capacitor 
is tied to pin 38. 
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TSC7106A 
TSC7107A 
General Theory of Operation 
Dual Slope Conversion Principles 
The TSC7106A and TSC7107A are dual slope, integrating 
analog-to-digital converters. An understanding of the· dual 
slope conversion technique will aid in following the detailed 
operation theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period (Ts1). Time is measured by counting clock pulses. An 
opposite polarity constant reference voitage is then inte
grated until the integrator output voltage returns to zero. The 
reference Integration time is directly proportional to the input 
signal (TRt). (Figure 3A). 

In a simple dual slope converter a complete conversion re
quires the integrator output to "ramp-up" and "ramp-down." 

SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

Figure 3A: Basic Dual Slope Converter 

3 1/2 DIGIT AID CONVERTER 

A simple mathemati.cal equation relates the input signal, 
reference voltage and integration time: 

f Ts1 

_ 1 _ VtN(t)dt 
RC · 

0 

where: 

VR = Reference Voltage 
Tst =signal Integration Time (Fixed) 
TRt = Reference Voltage Integration Time (Variable) 

For a constant V1N: 

VtN=VR ~ 
Tst 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they 
are stable during a measurement cycle. An inherent bene
fit is noise immunity. Noise spikes are integrated or 
averaged to zero during the integration periods. Integra
ting ADCs are immune to the large conversion errors that 
plague successive approximation converters in high noise 
environments. Interfering signals with frequency compo
nents at multiples of the averaging period will be atten
uated. Integrating ADCs commonly operate with the 
signal integration period set to a multiple of the 50/60 Hz 
power line period. (Figure 38) 

T =MEASUREMENT PERIOD 

0.1/T 1/T 10/T 
INPUT FREQUENCY 

Figure 38: Normal-Mode Rejection of Dual Slope 
Converter 
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PRODUCT INFORMATION 

Analog Section 
In addition to the basic signal integrate and deintegrate 
cycles discussed, the circuit incorporates an au.to-zero cycle. 
This cycle removes buffer amplifier, integrator, and com
parator offset voltage error terms from the conversion. A true 
digital zero reading results without external adjusting poten
tiometers. A complete conversion consists of three cycles: an 
auto-zero, signal integrate and reference integrate cycle. 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on CAZ 
compensates for device offset voltages. The offset error 
referred to the input is less than 10 µV. 

The auto-zero cycle length is 1000 to 3000 counts. 

Signal Integrate Cycle 
The auto-zero loop is opened, the internal differential inputs 
connect to vi'N and ViN. The differential input signal is inte
grated for a fixed time period. The signal integration period is 
1000 counts. The externally set clock frequency is divided by 
four before clocking the internal counters. The integration 
time period is: 

where: 

Ts1 = __ 4_ x 1000 
lose 

lose = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range (1 V of either supply) when the con
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same power supply common, VIN should betied 
to analog common. 

Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci
sion null detection limited only by device noise and auto-zero 
residual offsets. 

Reference Integrate Cycle 
The final phase is reference integrate or de-integrate. ViN is 
internally connected to analog common and VfN is con
nected across the previously charged reference capacitor. 
Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be
tween 0 and 2000 counts. The digital reading displayed is: 

1000 x V1N 

VREF 

Digital Section (TSC7106A) 
The TSC7106A (Figure 5) contains all the segment drivers 
necessary to directly drive a 3 1/2 digit liquid crystal display 
(LCD). An LCD backplane driver is included. The backplane 
frequency is the external clock frequency divided by800. For 
three conversions/second the backplane frequency is 60 Hz 
with a 5 V nominal amplitude. When a segment driver is in 
phase with the backplane signal the segment is "OFF." An out 
of phase segment drive signal causes the segment to be "ON" 
or visible. This AC drive configuration results in negligible 
DC voltage across each LCD segment. This insures long LCD 
display life. The polarity segment driver is "ON" for negative 
analog inputs. If VfN and VIN are reversed this indicator would 
reverse. 

On the TSC7106A when the test pin is pulled to V+ all seg
ments are turned "ON." The display reads -1888. During this 
mode the LCD segments have a constant DC voltage im
pressed. Do not leave the display in this mode for more than 
several minutes. LCD displays may be destroyed if operated 
with DC levels for extended periods. 

The display FONT and the segment drive assignment are 
shown in Figure 6. 

DISPLAV FONT 
r' 000''T100"T10"11"i 

l-1 8 8 BI 0/23'-156189 

Figure 6: Display FONT and Segment Assignment 

In the TSC7106A an internal digital ground is generated from 
a 6 volt zener diode and a large P channel source follower. 
This supply is made stiff to absorb the large capacitive cur
rents when the backplane voltage is switched. 

Digital Section (TSC7107A) 
Figure 7 shows the TSC7107 A. It is identical to the TSC7106A 
except that the regulated supply and back plane drive have 
been eliminated and the segment drive is typically 8 mA. The 
1000 output (pin 19) sinks current from two LED segments, 
and has a 16 mA drive capability. The TSC7107A is designed 
to drive common anode LEDs. 

In both devices, the polarity indication is "on" for negative 
analog inputs. If VIN and VfN are reversed, this indication can 
be reversed also, if desired. 

The display font is the same as the TSC7106A. 
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TSC7106A 
TSC7107A 
System Timing 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurement cycle 
takes a total of 4000 counts or 16000 clock pulses. The 4000 
count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 1000 to 3000 Counts 
(4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 

• Signal Integrate: 1000 Counts 
(4000 Clock Pulses) 

This time period is fixed. The integration period is: 

Ts1 = 4000 
[ fo:c] 

Where fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 2000 Counts 
(0 to 8000 Clock Pulses) 

The TSC7106A/7107A are drop replacements for the 7106/ 
7107 parts. External component va!ue changes are not re
quired to benefit from the low drift internal reference. 

Clock Circuit 
Three clocking methods may be used: 
1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. An R-C oscillator using all three pins. 

,. 
I 
I 
I 
I 
I 
I 
I 
I L_. ______ _ 

..,~ 
TSC7106A/TSC7107A 

39 

TO TEST PIN ON TSC710BA 
TO GROUND PIN ON TSC7107A 

Figure 8: Clock Circuits 

Component Value Selection 
Auto-Zero Capacitor - CAz 

TO I 
COUNTER I 

I 
I 
I 
I 
I 
I 

38 I _ ________ ....J 

The CAz capacitor size has some influence on system noise. 
A 0.47 µF capacitor is recommended tor 200 mV full-scale 
applications where 1 LSB is 100 µV. A 0.047 µF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type die
lectric capacitor is adequate. 

3 1/2 DIG.IT AID CONVERTER 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator output 
voltage back to zero during the reference integrate cycle is 
stored on CREF. A 0.1 µF capacitor is acceptable when VIN is 
tied to analog common. If a large common-mode voltage 
exists (VREF #analog common) and the application requires 
a 200 mV full-scale increase CREFto 1.0 µF. Rollover error will 
be held to less than 0.5 count. A mylar type dielectric capaci
tor is adequate. 

Integrating Capacitor - C1NT 

C1NT should be selected to maximize integrator output vol
tage swing without causing output saturation. Due to the 
TSC7106A/7107A superior analog common temperature 
coefficient specification, analog common will normally 
supply the differential voltage reference. For this case a ±2 V 
full-scale integrator output swing'is satisfactory. For 3 read
ings/second (fosc = 48 kHz) a 0.22 µF value is suggested. If a 
different oscillator frequency is used C1NT must be changed 
in inverse proportion to maintain the nominal ±2 V integrator 
swing. 

An exact expression for C1NT is: 

(4000) (_1 _·) (~) 
C1NT = fosc R1NT 

VINT 

Where: 

fosc = Clock frequency at Pin 38 
VFs =Full-scale input voltage 
R1NT = Integrating resistor 
V1NG = Desired full-scale integrator output swing 

C1NT must have low dielectric absorption to minimize rollover 
error. An inexpensive polypropylene capacitor is recom
mended. 

Integrating Resistor - R1NT 

The input buffer amplifier and integrator are designed with 
class A output stages.· The output stage idling .current is 
100 µA. The integrator and buffer can supply 20 µA drive 
currents with negligible linearity errors. R1NT is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale R1NT is 47 kn. A 2.0 V full-scale requires 
470 kn. · 

Component 

Value 

R1NT 

C1NT 

Note: 
1. lose = 48 kHz (3 readings/sec) 

Nominal Full-Scale Voltage 

200.0 mV 2.000 V 

0.47µF 0.047 µF 

47 kn 470 kn 

0.22 µF 0.22 µF 
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PRODUCT INFORMATION 

Oscillator Components 
Rose (Pin 40 to Pin 39) should be 100 k!1. Cose is selected 
from the equation: 

lose= 0.45 

RC 

For lose of 48 kHz, Cose is 100 pF nominally. 

Note that lose is divided by four to generate the TSC7106A 
internal control clock. The backplane drive signal is derived 
by dividing lose by 800. 

To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should be selected. For50 Hz rejection, oscil
lator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/ 
second) will reject both 50 and 60 Hz {also 400 and 440 Hz). 

Reference Voltage Selection 
A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 

Required Full-Scale Voltage' VREF 

200.0 mV 100.0 mV 

2.000 v 1.000 v 
11 VFS = 2 VREF 

In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 lb/in2. Rather than dividing the input vol
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 

The differential reference can also be used when a digital 
zero reading is required when V1N is not equal to zero. This is 
common in temperature measuring instrumentation. A 

MEASURED 
SYSTEM 

VfN 

compensating offset voltage can be applied between analog 
common '!nd VIN. The transducer output is connected 
between V1N and analog common. 

The internal voltage reference potential available at analog 
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 9. 

""" VjiEF 
TSC7106A 
TSC7107A 

(•) 

v• 

6.B VOLT 
ZENER 

i'z 

Figure 9: External Reference 

v• 

""" ~~~~~~ V~EF 

COMMON 

(b) 

v• 

Device Pin Functional Description 
Differential Signal Inputs 
(VtN (Pin 31 ), VIN (Pin 30)) 

""" TSC9491CJ 

1.2V 
REFERENCE 

The TSC7106A/TSC7107A is designed with true differential 
inputs and accepts input signals within the input stage 
common mode voltage range {VeM). The typical range is v+ 
-1.0 to V- +1 V. Common-mode voltages are removed from 
the system when the TSC7106A/TSC7107A operates from a 
battery or floating power source (isolated from measured 
system) and VIN is connected to analog common (VeoM): See 
Figure 10. 

""" T$C7106A 

~~~~ii VReF v~EF 

9V 

Figure 10: Common-Mode Voltage Removed in Battery Operation with VIN= Analog Common 
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TSC7106A 
TSC7107A 
Differential Signal Inputs (Cont.) 
In systems where common-mode voltages exist the 86 dB 
common-mode rejection ratio minimizes error. Common
mode voltages do, however, affect the integrator output level. 
Integrator output saturation must be prevented. A worse case 
condition exists if a large positive VcM exists in conjunction 
with a full-scale negative differential signal. The negative 
signal drives the integrator output positive along with VcM 
(Figure 11 ). For such applications the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of V+ or 
v- without increasing linearity errors. 

where: 

c, 

T1 =INTEGRATION TIME= 4::,~~ 
C1 =INTEGRATING CAPACITOR 

R1 =INTEGRATING RESISTOR 

Figure 11: Common-Mode Voltage Reduces Available 
Integrator Swing. (VcoM #- V1N) 

Differential Reference 
(VREF (Pin 36), VREF (Pin 39)) 
The reference voltage can be generated anywhere within the 
v+ to v- power supply range. 

To prevent rollover type errors being induced by large 
common-mode voltages CREF should be large compared to 
stray node capacitance. 

The TSC7106A/TSC7107 A circuits have a significantly lower 
analog common temperature coefficient. This potential gives 
a very stable voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/° C 
typically. 

Analog Common (Pin 32) 
The analog common pin is set at a voltage potential approxi
mately 3.0 V below V+. The potential is guaranteed to be 
between 2.7 V and 3.35 V below v+. Analog common is tied 
internally to an N channel FETcapableof sinking 30 mA. This 
FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward V+. Analog 
common source current is limited to 10 µA. Analog common 
is therefore easily pulled to a more negative voltage (i.e., 
below V+ -3.0 V). 

3 1/2 DIGIT AID CONVERTER 

The TSC7106A connects the internal VtN and VIN inputs to 
analog common during the auto-zero cycle. During the 
reference integrate phase ViN is connected to analog com
mon. If VIN is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and VIN are usually connected 
removing common-mode voltage concerns. In systems 
where VIN is connected to the power supply ground or to a 
given voltage, analog common should be connected to VIN. 

The analog common pin serves to set the analog section 
reference or common point. The TSC7106A is specificially 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7106A power source. The analog common 
potential of v+ -3.0 V gives a 6 V end of battery life voltage. 
The common potential has a 0.001 %/% voltage coefficient 
and 15 n output impedance. 

With sufficiently high total supply voltage (V+ -v- >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability - typically 20 ppm/° C. This potential 
can be used to generate the reference voltage. An external · 
voltage reference will be unnecessary in most cases because 
of the 50 ppm/°C maximum temperature coefficient. See 
Internal Voltage Reference discussion. 

Test (Pin 37) 
The test pin potential is 5 V less than v+. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply (Internal Logic Ground) through a 500 n resistor 
in the TSC7106A. The test pin load should be no more than 
1 mA. 

If test is pulled high to v+ all segments plus the minus sign will 
be activated. Do not operate in this mode for more than 
several minutes with the TSC7106A. With Test= v+ the LCD 
Segments are impressed with a DC voltage which will destroy 
the LCD. 

The test pin will sink about 10 mA when pulled to V+. 

Internal Voltage Reference Stability 
The analog common voltage termperature stability has been 
significantly improved (Figure 12). The "A" version of the 
industry standard circuits allow users to upgrade old systems 
and design new systems without external voltage references. 
External Rand Cvaluesdo not need to be changed. Figure 13 
shows analog common supplying the necessary voltage 
reference for the TSC7106A/TSC7107 A. 
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Figure 12: Analog Common Temperature Coefficient 

v- v' 

v- v+ 

TSC7106A 

Vti£F 36 + 
TSC7107A VAEf 

VREF '"'3~5 ~I._~ 
ANALOG 32 
COMMON 

SET VREF"' 1/2 VFULL SCALE 

24 kn 

1kn 

Figure 13: Internal Voltage Reference Connection 

TSC7107A Power Supplies 
The TSC7107A is designed to work from ±5 V supplies. 
However, if a negative supply is not available, it can be gene
rated from the clock output with two diodes, two capacitors 
and an inexpensive IC. Figure 13 shows this application. 

In selected applications a negative supply is not required. 
The conditions to use a single +5 V supply are: 
• The input signal can be referenced to the center of the 

common-mode range of the converter. 
• The signal is less than ±1.5 volts. 
• An external reference is used. 

Figure 14: Generating Negative Supply From +5 V 

The TSC7660 DC to DC converter may also be used to gene
rate -5 V from +5 V (Figure 15). 

+5V 

+ 
I v+ 

g 
B ..,~ 

3 TSC7107A 

}VIN 
VjN 

v-

26 
(-5V) 

*3'h DIGIT AOC 

Figure 15: Negative Power Supply Generation with 
TSC7660. 
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TSC7106A 
TSC7107A 
TSC7107 Power Dissipation Reduction 
The TSC7107A sinks the LED display current and this.causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7107A package power 
dissipation is reduced. 

Figure 16 is a photograph of a. curve-trace display showing 
the relationship between output current and output voltage 
for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across itat7 mA, and itscommonanodeisconnectedto+5 V, 
the TSC7107A output is at 3.2 V (point A on Figure 15). Maxi
mum power dissipation is 8.1 mA X 3.2 V X 24 segments= 
622 mW. 

Notice, however, that once the TSC7107A output voltage is 
above two volts, the LED current is essentially constant. as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 15) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%1 (7.3 
mA X 2.2 V X 24 = 385 mW). 

Figure 16: TSC7107A Output Current vs Output 
Voltage 

Reduced power dissipation is very easy to obtain. Fig. 17 
shows two ways: either a 5.1 ohm, 1/4 watt resistor or a 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107 A). The resistor will reduce the TSC7107A out
put voltage, when all 24 segments are "ON," to point "C" of 
Fig. 16. When segments turn off, the output voltage will 
increase. The diode, on the other hand, will result in a rela
tively steady output voltage, around point "B." 

In addition to limiting maximum power dissipation, the resis
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer seg-

3 1/2 DIGIT AID CONVERTER. 

ments are "ON," each "ON" output drops more voltage and 
current. For the best case of six segments (a "111" display) to 
worst case· (a "1888" display) the resistor will change about 
230 mW, while a circuit without the resistor will change about 
470 mW. Therefore, the resistor will reduce the effect of dis
play dissipation on reference voltage drift by about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, a diode may be used instead of the resistor. 

'1-5V IN -sv 

15011 

IN4001 

L_..._J 
-7999 ,__ _ ___. 

Figure 17: Diode or Resistor Limits Package .. Power 
Dissipation. 

Applications Information 
Liquid Crystal Display Sources 
Several LCD manufacturers supply standard LCD displays to 
interface. with the TSC7106A 3 1/2 digit analog-to-digital 
converter. 

Manufacturer Address/Phone 

Crystaloid 5282 Hudson Dr., 
Electronics Hudson, OH 44236 

216/655-2429 

AND 770 Airport Blvd., 
Burlingame, CA 94010 
415/347-9916 

EPSON 3415 Kashikawa St., 
Torrance, CA 90505 
213/534-0360 

Hamlin, Inc. 612 E. Lake St., 
Lake Mills, WI 53551 
414/648-2361 

Note: 

Representative 
Part Numbers1 

C5335, H5535; 
T5135, SX440 

FE 0801 
FE 0203 

LD-B709BZ 
LD-H7992AZ 

3902,3933,3903 

1. Contact LCD manufacturer for full product listing/specifications. 
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Light Emitting Diode Display Sources 
Several LED manufacturers supply seven segment digits with 
and without decimal point annunciators for the TSC7107A. 

Manufacturer Address 

Hewlett 
Packard 640 Page Mill Rd. 
Components Palo Alto, CA 94304 

Display 
Type 

LED 

Litronix, Inc. 19000 Homestead Rd. LED 
Cupertino, CA 94010 

And 770 Airport Blvd. LED 
Burlingame, CA 94010 

Decimal Point and Annunciator Drive 
The test pin is connected to the internally-generated digital 
logic supply ground through a 500 f1 resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 
1 mA should be supplied by the test pin. The test pin potential 
is approximately 5 v below v+. 

Ratiometric Resistance Measurements 
The true differential input and differential reference make 
ratiometric readings possible. Typically in a ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer
ence voltage is needed. 

The unknown resistance is put in series with a known stan
dard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
following expression: 

Displayed Reading= R Unknown x 1000 
R Standard 

The display will overrange for R Unknown :2: 2 x R Standard. 
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Figure 18: Decimal Point Drive Using Test as Logic 
Ground. 
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Figure 19: Low Parts Count Ratiometric Resistance 
Measurement 
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TSC7106A 
TSC7107A 
Application Circuits 

200mV 
V1N 

9Mll 

900kll 

90kll 

COM gJ: ~ad:t~X~rl:E~e, 

Figure 20: 3 1/2 Digit True RMS AC DMM 

160k0 

1N4148 
SENSOR 

300kll 300k0 

50 kf! >--" ... ' ---i vt. 

50 kll >-ot----1-----l V~EF •• 

COMMON 

Figure 21: Temperature Sensor 

"'"' TSC7108A 
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26 

'l:1 

"'"' TSC7108A 

3S VfiEF 

32 ANALOG 
COMMON 

31 vtN 

30 VfN 

28 v-

.. 

s.&kn 160kfl 

v+ ., 
1N914 VjN 

20kS'l 

"""' vt. TSC7108A 

o.1%f.c •• PTC '11EF 
R3 20kll 

VREF 

COMMON 

Figure 22: Positive Temperature Coefficient Resistor 
Temperature Sensor 
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Application Circuits (Cont.) 

9V 

1 
v' CONSTANT 5 V 

;'1 
VouT 

51 kl! 5.1 kH .., .... "• R5 

TSC9495 

~· ADJ F--NC 

1/2 LM358 

TEMP J 'v· I 
TEMPERATURE 
DEPENDANT 
OUTPUT 1.3k 

GND 

t _r 

Figure 23: Integrated Circuit Temperature Sensor 

TOPIN 1 

Figure 24: TSC7106A Using the Internal Reference. 
(200 mV Full-Scale, 3 RPS). 

1 

11 
v• 

vReF 

VFs" 2.00 V 

50kS2 
•2 VReF 

31 vjN .., .... 
TSC7106A 

0 VIN 

1·-· 
1.86V@ 
25 c 50 kS! ., COMMON 

v-

J'" 

Figure 25: TSC7107A Internal Reference (200 mV Full
Scale, 3 RPS, VIN Tied to GND for Single 
Ended Inputs). 
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TSC7106A 
TSC7107A 
Application Circuits (Cont.) 

Figure 26: Circuit for Developing Underrange and 
Overrange Signals from TSC7106A 
Outputs. 

Figure 28: TSC7107 A With a 1.2 V External Band-Gap 
Reference. VIN Tied to Common). 

3 1/2 DIGIT AID CONVERTER 

TO PIN 1 

Figure 27: TSC7106A/TSC7107A: Recommended 
Component Values for 2.00 V Full-Scale. 

Figure 29: TSC7107A Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 
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3 1/2 DIGIT AID CONVERTER 

0.1 µ.F DISPLAY 
HOLD 

33 

CfiEF HLDR 
1Mfl 

+0--VVV"---t 
ANALOG 
INPUT 

0.22µF 

32 ANALOG 
COMMON 

LCD DISPLAY 

-1999 
BACKPLANE 
DRIVE 

Figure 1: Typical TSC7116 Operating Circuit 

FEATURES 
• Display Hold Function 

TSC7116 
TSC7117 

• Drives LCD or LED Displays Directly 
• Guaranteed Zero Reading with Zero Input 
• Low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 
• Auto-Zero Cycle Eliminates Need for Zero Adjust

ment Potentiometer 
• True Polarity Indication for Precision Null Appli-

cations 
• Convenient 9 V Battery Operation (TSC7116) 
• High Impedance CMOS Differential Inputs .. 1012 n 
• Low Power Operation . . . .. . . . . . . . . . . . 10 mW 

1 Mfl 
+O--VVV"-.-'-t 

ANALOG 
INPUT 

0.2ZµF 

0,1 µ.F 

34 33 

100 kn 

COMMON 
ANODE 
LED 
DISPLAY 

-1999 

1.0kf! 

TO ANALOG COMMON 

3 CONVERSIONS/SEC (P3Z) 

Figure 2: "fypical TSC7117 Operating Circuit 
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I 

l 
·~ 
'°[_ 

TSC7116BQ 

~~l 
C3 100'~ 

~~ J 
BP/GND 
(711·617117) 

._ ... 
TSC7116CLW 
TSC7117CLW 
(PLCC) 

._ ... 
TSC711-6CKW 
TSC7117CKW 
(FLAT PACKAGE) 

~o~e~:" NO INTERNAL CONNECTION TED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
2: PINS 8, 23, 38 AND 53 ARE ~O~~E~XTERNAL CONNECTIONS SHOULD BE MADE. PINS IS APPROXlMATEL Y V · 
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TSC7116 
TSC7117 
Absolute Maximum Ratings 
TSC7116 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage (either input) (Note 1) •... V+ to V 
Reference Input Voltage (either input) . . • . . . . • . . V+ to V
Clock Input . . • . . . . . • . • . • • . . . . . . . . • . • • . • . . . . . Test to V+ 
Power Dissipation (Note 2) 

CerDIP Package .......................... 1000 mW 
Plastic Package . . . . . • . . . . . • . . . . . . . • . • . . . . . . 800 mW 

Operating Temperature 
"C" Devices .••.•....•....••.•......... 0°c to +70°C 
"I" Devices .••.......•....••......... -25° C to +85° C 

Storage Temperature •..•......•..•.•• -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) .•••......•• 300° C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

Electrical Characteristics (Note 3) 

CHARACTERISTICS 

Zero Input Reading 

Ratiometric Reading 

Rollover Error (Difference in 
Reading for Equal Positive and 
Negative Reading Near Full-Scale) 

Linearity (Max. Deviation From 
Best Straight Line Fit) 

Common-Mode 
Rejection Ratio (Note 4) 

Noise (Pk - Pk Value Not 
Exceeded 95% of Time) 

Leakage Current @ Input 

Zero Reading Drift 

CONDITIONS 

V1N = 0.0 V 
Full-Scale= 200.0 mV 

V1N = VREF 
VAEF = 100 mV 

-V1N = +V1N ~ 200.0 mV 

Full-Scale= 200 mV 
or Full-Scale = 2.000 V 

VcM = ±1 V, V1N = 0 V. 
Full-Scale = 200.0 mV 

V1N = 0 V 
Full-Scale = 200.0 mV 

VIN= 0 V 

V1N = 0 V 
"C" Device = 0° C to 70° C 
V1N = 0 V 

3 1/2 DIGIT AID CONVERTER 

TSC7117 
Supply Voltage 

v+ ............................................ +6 v 
v ........... · .................................. -9 v 

Analog Input Voltage (either input) (Note 1) .... V+ to V-
Reference Input Voltage (either input) • . . . . . • . . . V+ to V
Clock Input ................................• GND to V+ 
Power Dissipation (Note 1) 

CerDIP Package ...•.............•........ 1000 mW 
Plastic Package , • • • • . . . . . . . . . . . . . . . • . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ..•...•..•................. 0°c to +70°C 
"I" Devices ..•.....•.••...•......••.. -25°C to +85°C 

Storage Temperature .•............... -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ..•..•.••.•. 300° C 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rati'ng Conditions for extended periods may effect device 
reliability. 

MIN TYP MAX UNIT 

-000.0 ±000.0 +000.0 Digital Reading 

999 999/1000 1000 Digital Reading 

-1 ±0.2 +1 Counts 

-1 ±0.2 +1 Counts 

50 µVIV 

15 µV 

10 pA 

0.2 µV/°C 

"I" Device = -25° C to +85° C 1.0 2 

Scale Factor 
Temperature Coefficient 

Input Resistance, 
Pin 1 (Note 6) 

V1L. Pin 1 (TSC7116 only) 

V1L, Pin 1 (TSC7117 only) 

V1H, Pin 1 (Both) 

Supply Current (Does Not 
Include LED Current for 7107) 

Analog Common Voltage (With 
Respect to Pos. Supply) 

Temp. Coeff. of Analog common 
(With Respect to Pos. Supply) 

TSC7116 ONLY Pk - Pk 
Segment Drive Voltage (Note 5) 

V1N = 199.0 mV, 
"C" Device = 0° C to 70° C 
(Ext. Ref= 0 ppm/° C) 
V1N = 199.0 mV 
"I" Device: -25° c to +85° C 

V1N =0 

25 k.O. Between Common 
and Pos. Supply 

25 k.O. Between Common 
and Pos. Supply 

30 

v -1.5 

2.4 

4 

5 

20 

70 

Test +1.5 

GND +1.5 

0.8 1.8 

2.8 3.2 

80 

5 6 

ppm/°C 

ppm/°C 

k.O. 

v 
v 
v 

mA 

v 

ppm/°C 

v 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PRODUCT INFORMATION 

Electrical Characteristics (Cont.) 
CHARACTERISTICS 

TSC7116 ONLY Pk - Pk 
Backplane Drive Voltage (Note 5) 

TSC7117 ONLY 
Segment Sinking Current 
(Except Pin 19) 

TSC7117 ONLY 
Segment Sinking Current 
(Pin 19 Only) 

NOTES: 

CONDITIONS 

v+ = 5.o v 
Segment Voltage = 3 V 

v+ = 5.o v 
Segment Voltage = 3 V 

MIN TYP 

4 5 

5 8.0 

10 16 

4. Refer to "Differential Input" discussion. 

TSC7116 
TSC7117 

MAX UNIT 

6 v 

mA 

mA 

1. Input voltages may exceed the supply voltages provided the input current is 
limited to± 100 µA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

5. Backplane drive is in phase with segment drive for 'off' segment, 180° out of 
phase for 'on' segment. Frequency is 20 times conversion rate. Average 
de component is less than 50 mV. 

3. Unless other wise noted, specifications apply to both the TSC7116 and 
TSC7117 at TA= 25° C, fcLOCK = 48 kHz. TSC7116 is tested in the circuit of 
Figure 1. TSC7117 is tested in the circuit of Figure 2. 

6. The TSC7116 logic input has an internal pull-down resistor connected from 
HLDR, Pin 1, to TEST, Pin 37. The TSC7117 logic input has an internal pull
down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 

Pin Description 
60-Pln 

40-Pln DIP Flat Package 
Pin Number Pin Number Name Description 

1 13 HLDR Hold Pin, Logic 1 holds present display reading. 

2 14 Dt Activates the D section of the units display. 

3 15 Ct Activates the C section of the units display. 

4 16 Bt Activates the B section of the units display. 

5 17 At Activates the A section of the units display. 

6 18 Ft Activates the F section of the units display. 

19 Gt Activates the G section of the units display. 

8 20 Et Activates the E section of the units display. 

9 21 D2 Activates the D section of the tens display. 

10 25 C2 Activates the C section of the tens display. 

11 26 B2 Activates the B section of the tens display. 

12 27 A2 Activates the A section of the tens display. 

13 28 F2 Activates the F section of the tens display. 

14 29 E2 Activates the E section of the tens display. 

15 30 03 Activates the D section of the hundreds display. 

16 31 B3 Activates the B section of the hundreds display. 

17 32 f3 Activates the F section of the hundreds display. 

18 33 E3 Activates the E section of the hundreds display. 

19 34 AB4 Activates both halves of the 1 in the thousands display. 

20 35 POL Activates the negative polarity display. 

21 36 BP TSC7116: LCD Backplane drive output. 
GND TSC7117: Digital Ground. 

22 37 G3 Activates the G section of the hundreds display. 

23 40 A3 Activates the A section of the hundreds display. 

24 41 C3 Activates the C section of the hundreds display. 

25 43 G2 Activates the G section of the tens display. 

26 45 v Negative power supply voltage. 

27 46 VINT Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 
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TSC7116 
TSC7117 
Pin Description (Cont.) 
40-Pln DIP 
Pin Number 

Normal 

80-Pln 
Flat Package 
Pin Number Name 

3 1/2 DIG.IT AID CONVERTER 

Description 

28 47 VBUFF 
Integration resistor connection. Use a 47 k!l 'tor a 200 mV full-scale 
range and a 470 k!l for 2 V full-scale range. 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 µF capacitor for 
a 200 mV full-scale, and a 0.047 µF capacitor for a 2 volt full-scale. See paragraph on · 29 49 
AUTO-ZERO CAPACITOR for more details. 

30 51 The analog low input is connected to this pin. 

31 55 V1N The analog high input signal is connected to this pin. 

32 57 Analog 
Common 

This pin is primarily used to set the analog common-mode voltage for battery operation or 
in systems where the input signal is referenced to the power- supply. See paragraph on 
ANA~OG COMMON for more details. It also acts as a reference voltage source. 

33 58 See pin 34. 

34 59 CREF 

A 0.1 µF capacitor js used in most applications. If a large common-mode voltage exists 
(for example the V1N pin is not at analog common), and a 200 mv scale is 
used, a 1.0 µF is recommended and will hold the rollover error to 0.5 count. 

35 60 v Positive Power Supply Voltage. 

36 VREF 

The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
between pins 32 and 36 for 199.9 mV full-scale. Place 1:00 volts between pins 32 and 36 for 
2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to V ) all segments will be turned on and the display should 
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal 

points. See paragraph under TEST for additional information. 

38 4 OSCa See pin 40. 

39 6 OSC2 See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section) 
40 10 OSC1 connect pin 40 to the junction of a 100 k!l resistor and a 100 pf capacitor. The 100 k!l resistor 

is tied to pin 39 and the 100 pF capacitor is tied to pin 38. 

Analog Section 
Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116 and TSC7117. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 

Auto-Zero Phase 
Input high and low are disconnected from the pins and inter
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor CAz to 
compensate for offset voltages in the buffer amplifier: inte
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise.of the 
system. The offset referred to the input is less than 1.0 µ.V. 

Signal integrate Phase 
The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between vi'Narid V1"N for a fixed time. This differential 
voltage can be within a wide common-mode range; withiri 
one volt of either supply. If, on the other hand, the input sig
nal has no return with respect to the converter power supply, 
ViN can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 

Reference Integrate Phase 
The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return \o zero. The time required for the output to 
returri to zero is proportional to the input signal. The digital 
reading displayed is: 

1000 x 

Reference 

V1N 

VREF 

The positive reference voltage (V~EF) is referenced to analog 
common. 

Differential Input 
The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi
tion would be a large positive common-mode voltagewith a 
near full-scale negative differential input voltage. The nega
tive input signal drives the integrator positive when most of 
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TSC7116 
TSC7117 

cREF vREF CREF V0uF v+ 
-----------

34 36 33 

TO 
DIGITAL 
SECTION 

I INT L ________ ___ ------- ___ ____ ~6 ______ __________________________ _ 

Figure 3: Analog Section of TSC7116/TSC7117 

its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 

Analog Common 
This pin is included primarily to set the common-mode volt
age for battery operation (TSC7116) or for any system where 
the input signals are floating with respect to the power sup
ply. The common pin sets a voltage that is approximately 2.8 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (~15 0), and a temperature coefficient of 
80 ppm/°C typically. 

v' 

....... 
TSC7116 
TSC7117 

COMMON 

v' 

6.Sk!l 

... .... 
TSC9491CJ 

Figure 4: Using an External Reference 

An external reference may be added to improve temperature 
stability or the TSC7116A/TSC7117A devices with lower 
analog common temperature drift may be used. The circuit is 
shown in Figure 4. _ 
Analog common is also used as the VIN return during auto
zero and deintegrate. If ViN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications VIN will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 µA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 
The TEST pin serves two functions. On the TSC7117 it is 
coupled to the internally generated digital supply through 
a 500 O resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a "lamp test." When TEST is pulled 
high (to V+) all segments will be turned on and the display 
should read -1888. The TEST pin will sink about 10 mA under 
these conditions. 
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TSC7116 
TSC7117 

jv+ 

.., ... 
TSC7116 

BP 
21 

TEST 
~7 

r-1~-, 
I 4049 I 
I I 
I I 
I I 
I ..... I 
I V 
L~_JG _ _J 

GND 

TO LCD 
DECIMAL 
POINT 

TO LCD 
BACKPLANE 

Figure 5: Simple Inverter for Fixed Decimal Point 

v• •• 
.., ... 

TSC7116 

·"··· r POINT 
SELECT 

l 
TEST 

Figure 6: Excluslve "OR" Gate for Decimal Point Drive 

I 
I 

I 
I 
I 
I 
I L _______ _ 

TO TEST PIN ON TSC7116 
TO GROUND PIN ON TSC7117 

Figure 7: .Clock Circuits 

Digital Section 
Figures 8 and 9 show the digital section for the TSC7116 and 
TSC7117, respectively. In the TSC7116 (Figure 8), an inter
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude' 
and are in phase with BP when OF'F, but out of phase when 
ON. In all cases, negligible de voltage exists across the 
segments. 

3 1/2 DIGIT AID CONVERTER 

Figure 9 is the Digital Section of the TSC7117. It is identical 
to the TSC7116 except that the regulated supply and back 
plane.drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7117 is designed to drive common anode LEDs. 

In both devices, t.he polarity indication is "on" for negative 
analog inputs. If ViN and vi'N are rever~ed, this indication can 
be reversed also, if desired. 

System Timing 
Figure 9 shows the clocking method used in the TSC7116 and 
TSC7117. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3; An RC oscillator using all three pins . 

The oscillator frequency is divided by four before it clocks the 
decade counters. It is then further divided to form the three 
convert•cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto
zero (1000 to 3000 counts). For signals less than full-scale 
auto-zero gets the unused· portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscjllator fre
quencies of 240 kHz, 120 .kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, oscil
lator frequencies of 200 kHz, 100 kHz; 66-213 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/ 
second) will reject both 50 and 60 Hz (also 400 and 440 Hz). 

HOLD Reading Input 
When HLDR is at a logic "HI" the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLbR is returned to ''LOW". To continuously update the 
display connect to TEST (TSC7116) or GROUND (TSC7117) 
or disconnect. This input is CMOS compatible with ?OK typi
cal resistance to TEST (TSC7116) or GROUND (TSC7117). 

Component Value Selection 
Auto-Zero Capacitor 
The size of the auto-zero capacitor has some inf I uence on the 
noise of the system. For 200 mV full-scale where noise is very 
important, a 0.47 µF capacitor is recommended. On the 2 volt 
scale, a 0.047 µF capacitor increase the speed of recovery 
from overload and is adequate for noise on this scale. 

Reference Capacitor 
A 0.1 µF capacitor is acceptable in m'ost applications. How
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and.a 200 mV scale is used, a 
large value is required to.prevent to roll-over error. Generally 
.1.0 µF will hold the roll-over error to 0.5 count.in this instance. 
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TYPICAL SEGMENT OUTPUT 

40 39 

osc 1 osc2 

Figure 8: T C7116 Digital Section 

DIGITAL GROUND 

v· 

40 39 

. 9. TSCn 17 Digital Section Figure . 

osc 3 

38 

INTERNAL DIGITAL GROUND 

38 

7-225 

LATCH 

HLDR 

' 70 k (' 

TSC7116 
TSC7117 

21 

BACKPLANE 
--, 

I 

35 I 

26 

l 

"'" TSC7117 

35 

I 

I 

E]TEST 37 

500'.: l 
2\ DIGITAL 

GROUND 

II 



TSC7116 
TSC7117 
Integrating Capacitor 
The integrating capacitor should be selected to give the 
maximum voltage swing that'ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volHrom either 
supply). In the TSC7116 or the TSC7117, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7117 with ±5 volt 
supplies and analog pommon tied to supply ground, a ±3.5 to 
±4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for C1NT are 0.22 µ1F and 0.10 µF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 

The integrating capacitor must have low dielectric absorp
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 
Both the buffer amplifier and the integrator have a class A 
output stage with 100 µA of quiescent current. They can 
supply 20 µA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full-scale, 470 kO is near optimum 
and. similarly a 47 kO for a 200.0 mv scale. 

Oscillator Components 
For all ranges of frequency a 100 kn resistor is recom
mended and the capacitor is selected from the equation 
f =~For 48 kHz clock (3 readings/second), C = 100 pF. 

RC 

Reference Voltage 
To generate full-scale output (2000 counts) the analog input 
required is: V1N =2 VREF. Thus, for the 200.0 mVand 2:000 volt 
scale, VREF should equal 100.0 mV and 1.00voltrespectively. 
In many applications where the A/Dis connected to a trans
ducer, there will exist a scale factor between the input voltage 
and the digital reading. For instance, in a measuring system, 
the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the input 
voltage directly and select VREF = 350 mV. Suitable values for 
integrating resistor and capacitor would be 120 kO and 0.22 µF. 
This makes the system slightly quieter and also avoids a 
divider network on the input. The TSC7.117 with ±5 V supplies 
can accept input signals up to ±4 V. Another advantage of 
this system occurs when a digital reading of zero is desired 
for V1N ~ 0. Temperature and weighing systems with a 
variable tare are examples. This offset reading can be con
veniently 9.enerated by connecting the voltage transducer 
between V1N and common and the variable (or fixed) offset 
voltage between common and ViN. 

TSC7117 Power Supplies 
The TSC7117 is designed to work from ±5 V supplies. How
ever, if a negative supply is not available, it can be generated 
from the clock output with two diodes, two capacitors and an 
inexpensive IC. Figure 10 shows this application. 
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In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 
• The input signal can be referenced to the center of the 

common-mode range of the converter. 
• The signal is less than ±1.5 volts. 
• An external reference is used. 

'"'" TSC7117 

Figure 10: Generating Negative Supply From+ SY 

Typical Applications 

Figure 11: TSC7116 Using the lntemal Reference 
(200 mV Full-Scale, 3 RPS) 

IN 
LJ-~-:-:---4>---'--~-T-~~ 

Figure 12: TSC7117 Internal Reference (200 mV Full~ 
Scale, 3 RPS, ViN Tied to .GND for Single 
Ended Inputs). · 
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Figure 13: Circuit for Developing Underrange and 
Overrange Signals from TSC7116 Outputs. 

Figure 14: TSC7117 Wit!l a 1.2 V External Band-Gap 
Reference. V1N Tied to Common). 

Applications Information 
The TSC7117 sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7117 package power 
dissipation is reduced. 

Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7117CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7117 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 

TSC7116 
TSC7117 

Figure 15: TSC7116/TSC7117: Recommended Com
ponent Values for 2.00 V Full-Scale. 

Figure 16: TSC7117 Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 

Notice, however, that once the TSC7117 output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 

Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1ohm,1/4watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7117). The resistor will reduce the TSC7117 output 
voltage, when all 24 segments are "ON," to point "C" of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point "8." 

In addition to limiting maximum power dissipation, the resis
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are "ON," each "ON" output drops more voltage 
and current. For the best case of six segments (a "111" dis
play) to worst case (a "1888" display) the resistor circuit will 

Figure 17: TSC7117 Output Current vs Output Voltage 

3 1/2 DIGIT AID CONVEfffER 

change about 230 mW, while a circuit without the resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, diode may be used instead of the resistor. 

+5V IN -sv 

1son 

-1999----~ 

Figure 18: Diode or Resistor Limits Package Power 
Dissipation 
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0.1 µF 

lMQ 

0.22J.1F 

LCD DISPLAY 

-/999 
BACKPLANE 
DRIVE 

Figure 1: Typical TSC7116A Operating Circuit 

FEATURES 
• Internal Reference with Low 

Temperature Drift . . . . . . . . . . 20 ppm/° C Typical 
50 ppm/° C Maximum 

• Display Hold Function 
• Drives LCD or LED Displays Directly 
• Guaranteed Zero Reading with Zero Input 
• Low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 
• Auto-Zero Cycle Eliminates Need for Zero Adjust

ment Potentiometer 
• True Polarity Indication for Precision Null Appli-

cations 
• Convenient 9 V Battery Operation (TSC7116A) 
• High Impedance CMOS Differential Inputs .. 1012 n 
• Low Power Operation . . . . . . . . . . . . . . . . 10 mW 

0.1 µF DISPLAY 
HOLD 

34 33 

1 Mr> 

0.22µF 

COMMON 
ANODE 
LED 
DISPLAY 

-1999 

1.okn 

Figure 2: Typical TSC7117A Operating Circuit 
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TSC7116A 
TSC7117A 
GENERAL DESCRIPTION 

The TSC7116A and TSC7117A 3-1/2 digit 
CMOS analog-to-digital converters contain all the 
active components necessary to construct a 0.05% 
resolution measurement system. Seven segment .de
coders, polarity and digit drivers, voltage reference and 
clock circuit are integrated on chip. The TSC7116A 
drives liquid crystal displays (LCD) and includes a 
backplane driver. The TSC7117 A drives common anode 
light emitting d.iode (LED) displays directly with an 8 mA 
drive current per segment. 

The TSC7116A/TSC7117 A incorporate the dis
play hold (HLDR) function. The displayed reading will 
remain indefinitely as long as HLDR is held high. 
Conversions continue but the output data display 
latches are not updated. The VfiEF or reference low 
input is not available as it is with the TSC7106/TSC7107. 
VfiEF is tied internally to analog common in the 
TSC7116NTSC7117A devices. 

The TSC7116A/TSC7117A feature a precision 
low drift internal reference. A low drift external reference 
voltage is normally not required. Existing 7116/7117 
systems may be upgraded without changing external 
components. 

The TSC7116A/TSC7117 A reduce linearity error 
to less than 1 count. Rollover error - the difference in 
readings for equal magnitude but opposite polarity 
input signals - is below ±1 count. High impedance 
differential inputs offer 1 pA leakage current and a 1012 n 
input impedance. The 15 µVp_p noise performance 
guarantees a "rock solid" reading. The auto-zero cycle 
guarantees a zero display reading with a zero volt in(>ut. 

The TSC7116NTSC7117A dual slope conver
sion technique automatically rejects interference signals 
if the converters integration time is set to a multiple of 
the interference signal period. This is especially useful 
in industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 

The TSC7116A/TSC7117A are available in a 
smal 160-pin flat package for compact designs. Standard 
devices are offered in an industrial temperature range 
and with burn-in lasting for 160 hours at +125° C. 
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Ordering Information 

Pin Temp. Display 
Part No. Package Layout Range Drive 

TSC7116ACPL 
40-Pin 

Normal 
0°C to 

LCD 
Plastic Dip +70°C 

TSC7116AIJL 
40-Pin 

Normal 
-25°C to 

LCD 
CerDIP +85°C 

60-Pin 
Formed 0°C to TSC7116ACBQ Plastic Flat LCD 

Package 
Leads +70°C 

TSC7117 ACPL 
40-Pin 

Normal 
0°C to 

LED 
Plastic Dip +70°C 

TSC7117AIJL 
40-Pin 

Normal 
-25°C to 

LED 
CerDIP +85°C 

60-Pin 
Formed 0°C to 

TSC7117ACBQ Plastic Flat 
Leads +70°C 

LED 
Package 

44-Pin 
Formed 0°C to 

TSC7116ACKW Plastic Flat LCD 
Package 

Leads +70°C 

TSC7116ACLW 
44-Pin 0°C to LCD 
PLCC +70°C 

44-Pin Formed 0°C to LED TSC7117 ACKW Plastic Flat Leads +70°C 

44·Pin 
0°C to 

TSC7117ACLW PLCC +70°C 
LED 

Devices with Burn-In (160 Hours at +125° C) 

TSC7116ACPL/Bl 
40-Pin 

Normal 
0°C to 

LCD 
Plastic Dip +70°C 

TSC7117 ACPL/BI 
40-Pin 

Normal 
0°C to 

LED 
Plastic Dip +70°C 
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TSC7116A 
TSC7117A ----------=---

..,C"' 
TSC7116A 
TSC7117A 
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TSC7116A 
TSC7117A 
Absolute Maximum Ratings 
TSC7116A 
Supply Voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage (either input) (Note 1) .... V+ to V 
Reference Input Voltage (either input) . . . . . . . . . . V+ to V
Clock Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V+ 
Power Dissipation (Note 2) 

CerDIP Package .......................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ........................... 0°C to +70°C 
"I" Devices .......................... -25°C to +85°C 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

Electrical Characteristics (Note 3) 

CHARACTERISTICS 

Zero Input Reading 

Ratiometric Reading 

Rollover Error (Difference in 
Reading for Equal Positive and 
Negative Reading Near Full-Scale) 

Linearity (Max. Deviation From 
Best Straight Line Fit) 

Common-Mode 
Rejection Ratio (Note 4) 

Noise (Pk - Pk Value Not 
Exceeded 95% of Time) 

Leakage Current @ Input 

Zero Reading Drift 

CONDITIONS 

V1N = 0.0 V 
Full-Scale = 200.0 mV 

VIN= VREF 
VREF = 100 mV 

-V1N = +V1N = 200.0 mV 
or= 2.000 V 

Full-Scale = 200 mV 
or Full-Scale = 2.000 V 

VcM = ±1 V, V1N = 0 V. 
Full-Scale= 200.0 mV 

V1N = 0 V 
Full-Scale = 200.0 mV 

V1N = 0 V 

V1N = 0 V 
"C" Device = 0° C to 70' C 
VIN= 0 V 

3 1/2 DIGIT AID CONVERTER 

TSC7117A 
Supply Voltage 

v+ ............................................ +6 v 
v- ............................................. -9 v 

Analog Input Voltage (either input) (Note 1) .... V+ to V-
Reference Input Voltage (either input) .......... V+ to V-
Clock Input ................................. GND to V+ 
Power Dissipation (Note 1) 

CerDIP Package .......................... 1000 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 

Operating Temperature 
"C" Devices ........................... 0° C to + 70° C 
"I" Devices .......................... -25° C to +85° C 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 

MIN TYP MAX UNIT 

-000.0 ±000.0 +000.0 Digital Reading 

999 999/1000 1000 Digital Reading 

-1 ±0.2 +1 Counts 

-1 ±0.2 +1 Counts 

50 µVIV 

15 µV 

10 pA 

0.2 µV/oc 

"I" Device = -25° C to +85° C 1.0 2 

Scale Factor 
Temperature Coefficient 

Input Resistance, 
Pin 1 (Note 6) 

V1L, Pin 1 (TSC7116A only) 

V1L, Pin 1 (TSC7117 A only) 

V1H, Pin 1 (Both) 

Supply Current (Does Not 
Include LED Current for 7117A) 

Analog Common Voltage (With 
Respect to Pos. Supply) 

Temp. Coeff. of Analog Common 
(With Respect to Pos. Supply) 

Temp. Coeff. of Analog Common 
(With Respect to Pos. Supply) 

V1N = 199.0 mV, 
"C" Device = 0° C to 70° C 
(Ext. Ref = O ppm/' C) 
V1N = 199.0 mV 
"I" Device: -25° C to +85° C 

V1N = 0 

25 k!l Between Common 
and Pos. Supply 

"C" Devices: 0° C to +70° C 

25 k!l Between Common 
and Pos. Supply 
"I" Devices: -25° C to +85° C 
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Electrical Characteristics {Cont.) 
CHARACTERISTICS 

TSC7116A ONLY Pk - Pk 
Segment Drive Voltage (Note 5) 

TSC7116A ONLY Pk - Pk 
Backplane Drive Voltage (Note 5) 

TSC7117A ONLY 
Segment Sinking Current 
(Except Pin 19) 

TSC7117A ONLY 
Segment Sinking Current 
(Pin 19 Only) 

NOTES: 

CONDITIONS 

+ -
V to V = 9 V 

v• to v- = 9 v 

v• = 5.o v 
Segment Voltage = 3 V 

v• = 5.o v 
Segment Voltage = 3 V 

MIN TYP 

4 5 

4 5 

5 8.0 

10 16 

TSC7116A 
TSC7117A 

MAX UNIT 

6 v 

6 v 

mA 

mA 

1. Input voltages may exceed the supply voltages provided the input current is 
limited to± 100 µA. 

4. Refer to "Differential Input" discussion. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

5. Backplane drive is in phase with segment drive for 'off' segment, 180° out of 
phase for 'on' segment. Frequency is 20 times conversion rate. Average 
de component is less than 50 mV. 

3. Unless other wise noted, specifications apply to both the TSC7116A and 
TSC7117A at TA= 25° C, fCLOCK = 48 kHz. TSC7116A is tested in the circuit 
of Figure 1. TSC7117A is tested in the circuit of Figure 2. 

6. The TSC7116A logic input has an internal pull-down resistor connected 
from HLDR, Pin 1, to TEST, Pin 37. The TSC7117A logic input has an inter
nal pull-down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 

Pin Description 
40-Pln DIP 60-Pln 
Pin Number Flat Package 

Normal Pin Number Name Description 

13 HLDR Hold Pin, Logic 1 holds present display reading. 

2 14 D1 Activates the D section of the units display. 

3 15 C1 Activates the C section of the units display. 

4 16 B1 Activates the B section of the units display. 

5 17 A1 Activates the A section of the units. display. 

6 18 F1 Activates the F section of the units display. 

7 19 G1 Activates the G section of the units display. 

8 20 E1 Activates the E section of the units display. 

9 21 D2 Activates the D section of the tens display. 

10 25 C2 Activates the C section of the tens display. 

11 26 B2 Activates the B section of the tens display. 

12 27 A2 Activates the A section of the tens display. 

13 28 F2 Activates the F section of the tens display. 

14 29 E2 Activates the E section of the tens display. 

15 30 D3 Activates the D section of the hundreds display. 

16 31 B3 Activates the B section of the hundreds display. 

17 32 F3 Activates the F section of the hundreds display. 

18 33 El Activates the E section of the hundreds display. 

19 34 AB4 Activates both halves of the 1 in the thousands display. 

20 35 POL Activates the negative polarity display. 

21 36 
BP TSC7116A: LCD Backplane drive output. 

GND TSC7117A: Digital Ground. 

22 37 G3 Activates the G section of the hun.dreds display. 

23 40 A3 Activates the A section of the hundreds display. 

24 41 C3 Activates the C section of the hundreds display. 

25 43 G2 Activates the G section of the tens display. 

26 45 v Negative power supply voltage. 

27 46 V1NT Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for additional details. 
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TSC7116A 
TSC7117A 
Pin Description (Cont.) 
40-Pln DIP 
Pin Number 

Normal 

60-Pln 
Flat Package 
Pin Number Name 

3 1/2 DIGIT A.ID CONVERTER 

Description 

28 47 VeuFF Integration resistor connection. Use a 47 kn for a 200 mV full-scale 
range and a 470 k!l for 2 V full-scale range. · 

29 49 
The size of the auto-zero capacitor Influences the system noise. Use a 0.47 µF capacitor for 
a 200 mV full-scale, and a 0.047 µF capacitor for a 2 volt full-scale. See paragraph on 
AUTO-ZERO CAPACITOR for more details. 

30 51 ViN The analog low input is connected to this pin. 

31 55 The analog high input signal Is connected to this pin. 

32 57 Analog This pin is primarily used to set the analog common-mode voltage for battery operation or 
Common in systems where the input signal is referenced to the power supply. See paragraph on 

ANALOG COMMON for more details. It also acts as a reference voltage source. 

33 58 CREF See pin 34. 

34 59 CREF 
A 0.1 µF capacitor Is used in most applications. If a large common-mode voltage exists 
(for example the ViN pin is not at analog common), and a·200 mV scale is 
used, a 1.0 µF is recommended and will hold the rollover error to 0.5 count. 

35 60 v Positive Power Supply Voltage. 

36 VREF 
The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins 32 and 36 for 
2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to V ) all segments will be iurned on and the display should 
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal 

points. See paragraph under TEST for additional information. 

38 4 OSC3 See pin 40. 

39 6 OSC2 See pin 40. 

Pins 40, 39, 38 .make up the oscillator section. For a 48 kHz clock (3 readings per section) 
40 10 OSC1 connect pin 40 to the junction of a 100 k!l resistor and a 100 pf capacitor. The 100 k!l resistor 

is tied to pin 39 and the 100 pf capacitor is tied to pin 38. 

Analog Section 
Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116A and TSC7117A. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 

Auto-Zero Phase 
Input high and low are disconnected from the pins and inter
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor CAZ to 
compensate for offset voltages in the buffer amplifier, inte
grator, and comparator. Since the comparator is included in 
the loop, the A·Z accuracy is limited only by th.e noise of the 
system. T.he offset referred to the input is less than 10 µV. 

Signal Integrate Phase 
The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between vi'Nand VIN for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig
nal has no return with respect to the converter power supply, 
VIN can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 

Reference Integrate Phase 
The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 
reading displayed is: 

1000 x 

Reference 
The positive reference voltage (VAEF) is referenced to analog 
common. 

Differential Input 
The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi
cally from f.O volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi
tion would be a large positive common-mode voltage with a 
near full-scale negative· differential input voltage. The nega
tive input signal drives the integrator positive when most of 
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..,... 
TSC7118A 
TSC7117A 

TO 
DIGITAL 
SECTION 

I INT 
L-------- --- ----- -- --- ---- !!!' _______ ---- - - ---- -- - - - ---- -------

Figure 3: Analog Section of TSC7116A/TSC7117A 

its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 

Analog Common 
This pin is included primarily to set the common-mode volt
age for battery operation (TSC7116A) orforany system where 
the input signals are floating with respect to the power sup
ply. The common pin sets a voltage that is approximately 3.0 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enol.!gh to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (~15 0), and a temperature coefficient of 
20 ppm/°C typically. 

v•· 

.., .... '1.EF 

TSC7118A 
TSC7117A 

COMMON 

v• 

.., .... 
TSC9491CJ 

1.2V 
REFERENCE 

Figure 4: Using an External Reference 

An external reference may be may be used if necessary. The 
circuit is shown in Figure 4. 

Analog common is also used as the VIN return during auto
zero and deintegrate. If VIN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications VIN will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 

Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
3.0 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 µA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

Test 
The TEST pin serves two functions. On the TSC7117 A it is 
coupled to the internally generated digital supply through 
a 500 n resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 

The second function is a "lamp test." When TEST is pulled 
high (to V+) all segments will be turned on and the display 
should read-1888. The TEST pin will sinkabout10 mA under 
these conditions. 
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TSC7116A 
TSC7117A 

v+ v+ 
r- --, 

: 4049 : 

I I 
I I 
I I TO LCD 

1--::::--....---;r-·U-..--- DECIMAL 

'--
POINT 

TEST 37 

'--------o~~~;~LANE 

Figure 5: Simple Inverter for Fixed .Decimal Point 

v• 

""" TSC7116A 

TEST 

DECIMAL 
POINT 

SELECT 

Figure 6: Exclusive "OR" Gate for Decimal Point Drive 

I 
I 
I 
I 
I 
I 
I 
I 

t__ -- ---- - 40 

""" TSC7116A/TSC7117A 

39 

TO TEST PIN ON TSC7116A 
TO GROUND PIN ON TSC7117A 

Figure 7: Clock Circuits 

Digital Section 

I 
I 

38 I _________ _J 

Figures 8 and 9 show the digital section for the TSC7116A and 
TSC7117 A, respectively. In the TSC7116A (Figure 8), an inter
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible de voltage exists across the 
segments. 
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Figure 9 is the Digital Section of the TSC7117 A. It is identical 
to the TSC7116A except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7117A is designed to drive common anode LEDs. 

In both devices, the polarity indication is "on" for negative 
analog inputs. If ViN and VrN are reversed, this indication can 
be reversed also, if desired. 

System Timing 
Figure 9 shows the clocking method used in the TSC7116A 
and TSC7117A. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto
zero (1000 to 3.000 counts). For signals less than full-scale 
auto-zero gets the unused portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48kHz,40kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 

HOLD Reading Input 
When HLDR is at a logic "HI" the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLDR is returned to "LOW". To continuously update the 
display connect to TEST (TSC7116A) or G.ROUND 
(TSC7117 A) or disconnect. This input is CMOS compatible 
with ?OK typical resistance to TEST (TSC7116A) or GROUND 
(TSC7117A). 

Component Value Selection 
Auto-Zero Capacitor 
The size of the auto-zero capacitor has some influence on the 
noise of the system. F.or 200 mV full-scale where noise is very 
important, a 0.47 µF capacitor is recommended. On the 2 volt 
scale, a 0.047 µF capacitor increase the speed of recovery 
from overload and is adequate for noise on this scale. 

Reference Capacitor 
A 0.1 µF capacitor is acceptable in most applications. How
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and a 200 mV scale is used, a 
large va.lue is required to prevent to roll-over error. Generally 
1.0 µF will hold the roll-over error to 0.5 count in this instance. 
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Figure 8: TSC7116A Digital Section 
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TSC7117A 
Integrating Capacitor 
The integrating capacitor· should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3voltfromeither 
supply). In theTSC7116A or the TSC7117 A, when the analog 
common is used as a reference, a nominal ±2 volt full-scale 
integrator swing is acceptable. For the TSC7117A with ±5 
volt supplies and analog common tied to supply ground, a 
±3.5 to ±4 volt swing is nominaL For three readings/second 
(48 kHz clock) nominal values for C1NT are o.22 µF and 
0.10 µF, respectively. If different oscillator frequencies are 
used, these values should be changed in inverse proportion 
to maintain the output swing. 

The integrating capacitor must have low dielectric absorp
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 

Integrating Resistor 
Both the buffer amplifier and the integrator have a class A 
output stage with 100 µA of quiescent current. They can 
supply 20 µA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full-scale, 470 kO is near optimum 
and similarly a 47 kO for a 200.0 mV scale. 

Oscillator Components 
For all ranges of frequency a 100 kO resistor is recom
mended and the capacitor is selected from the equation 
f = ~ For 48 kHz clock (3 readings/second), C = 100 pF. 

RC 

Reference Voltage 
To generate full-scale output (2000 counts) the analog input 
required is: V1N =2 VREF. Thus, forthe 200.0 mV and 2.000volt 
scale, VREF should equal 100.0 mV and 1.00 volt respectively. 
In many applications where the A/Dis connected to a trans
ducer, there will exist a scale factor between the input voltage 
and the digital reading. For instance, in a measuring system, 
the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the input 
voltage directly and select VREF = 350mV. Suitable values for 
integrating resistor and capacitor would be 120 kO and 
0.22 µF. This makes the system slightly quieter and also 
avoids a divider network on the input. The TSC7117A with 
±5 V supplies can accept input signals up to ±4 V. Another 
advantage of this system occurs when a digital reading of 
zero is desired for V1N # 0. Temperature and weighing sys
tems with a variable tare are examples. This offset reading 
can be conveniently generated by connecting the voltage 
transducer between VfN and common and the variable (or 
fixed) offset voltage between common and VIN. 

TSC7117 A Power Supplies 
The TSC7117A is designed to work from ±5 V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with two diodes, two capa
citors and an inexpensive IC. Figure 10 shows this applica
tion. 

3 1/2 DIGIT AID CONVERTER 

In selected applications no negative supply is required. The 
conditions to use a single +5 V supply are: 
• The input signal can be referenced to the center of the 

common-mode range of the converter. 
• The signal is less than ±1.5 volts. 
• An external reference is used. 

..,.,.. 
TSC7117A 

Figure 10: Generating Negative Supply From + SV 

Typical Applications 

SET VREF "' 100.0mV 

o-----.' 
22KH 

Figure 11: TSC7116A Using the Internal Reference 
(200 mV Full-Scale, 3 RPS) 

Figure 12: TSC7117A Internal ~eference (200 mV 
Full-Scale, 3 RPS, V1N Tied to GND for 
Single Ended Inputs). 
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__________ ___'.T~S~C7117A 

Figure 13: Circuit for Developing Underrange and 
Overrange Signals from TSC7116A 
Outputs. 

Figure 14: TSC7117A Wjth a 1.2 V External Band-Gap 
Reference. V1N Tied to Common). 

Applications Information 
The TSC7117A sinks the LEDdisplaycurrentandthiscauses 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7117A package power 
dissipation is reduced. 

Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7117 ACPL. Since a typical LED has 1.8 volts . 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7117A output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 

Figure 15: TSC7116A/TSC7117A: Recommended 
Component Values for 2.00 V Full-Scale. 

Figure 16: TSC7117A Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 

Notice, however, that once the TSC7117 A output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 

Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: eithera5.1ohm,1/4wattresistorora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7117). The resistor will reduce the TSC7117 A output 
voltage, when all 24 segments are "ON," to point "C" of Fig. 
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TSC7117A 
17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point "B." 

In addition to limiting maximum power dissipation, the resis
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are "ON," each "ON" output drops more voltage 
and current. For the.best case of six segments (a "111" dis
play) to worst case (a "1888" display) the. resistor circuit will 

Figure 17: TSC7117 A Output Current vs. Output Voltage 

3 1/2 DIGIT AID CONVERTER 

change about 230 mW, while a circuit without the resistor wi II 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de
signer, diode may be used instead of the resistor. 

Figure 18: Diode or Resistor Limits Package Power 
Dissipation 
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IN 

Figure 1: TSC7126 Clock Frequency 16 kHz 
(1 reading/sec.) 

TSC7126 

FEATURES 
• Long Battery Life . . . . . . . . . . 8000 Hours Typical 
• Auto-Zero Cycle 
• Guaranteed Zero Reading With Zero Input 
• Low Noise .......................... 15 µVp_p 
• High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 
• Low Input Leakage Current . . . . . . 1 pA Typical 

10 pA Maximum 
• Direct LCD Display Drive - No External Components 
• Precision Null Detection With True Polarity at Zero 
• High Impedance Differential Input 
• Convenient 9 V Battery Operation With Low 

Power Dissipation . . . . . . . . . . . . . 500 µW Typical 
900 µW Maximum 

• Internal Clock Circuit 
• Drop-In Replacement For ICL7126 
• Available in Compact Flat Package 
• Industrial Temperature Range Device 

IN 

10 

LIOUlO CRYSTAL DISPLAY 
t 

Figure 2: TSC7126 Clock Frequency 48 kHz 
(3 readings/sec.) 

20 
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GENERAL DESCRIPTION 

The single chip CMOS TSC7126 incorporates 
all the active devices for a 3 1/2 digit analog-to-digital 
converter to directly drive an LCD display. The internal 
oscillator, voltage reference and display segment/ 
backplane drivers simplify system integration, reduce 
board space requirements and lower total cost. A low 
cost, high resolution-0.05%-indicating meter re
quires only a display, four resistors, four capacitors and 
a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multirneters 
and systems. 

The TSC7126 dual slope conversion technique 
rejects interference signals when the integration time is 
set to a multiple of the interference signal period. This 
is especially useful in industrial measurement en
vironments where 50, 60 and 400 Hz line frequency 
signals are present. 

With an auto-zero error less than 10 µV, zero 
drift less than 1 µV/°C, input bias current of 10 pA max 
and rollover error of less than one count, the TSC7126 
brings exceptional value to the portable battery powered 
field. 

In adaition, the differential input and reference 
allows the measurement on load cells, strain gauges 
and other bridge type transducers. The low power 
TSC7126 can be used as a plug-in replacement for the 
TSC7106 by changing only the values of seven passive 
components. 

For applications needing a low drift internal 
voltage reference refer to the TSC7126A data sheet. 

3 1/2 DIGIT AID CONVERTER 

Typical Applications 
• Thermometry 
• Bridge Readouts (Strain Gauges, Load Cells, Null 

Detectors) 
• Digital Meters 

- Voltage/Current/Ohms/Power 
- pH 
- Capacitance/Inductance 
- Fluid flow RateNiscosity/Level 

• Digital Scales 
• LVDT Indicators 
• Portable Instrumentation 
• Power Supply Readouts 
• Process Monitors 
• Photometers 

Ordering Information 

Pin Temperature 
Part No. Package Layout Range 

TSC7126CPL 
40-Pin 

Normal 0°c to 70°C 
Plastic Dip 

TSC7126RCPL 
40-Pin 

Reversed 0°C to 70°C 
Plastic Dip 

TSC71261JL 
40-Pin 

Normal -25°C to +85°C 
CerDIP 

TSC7126CBQ 
60-Pin Formed 

0°C to 70°C 
Plastic Flat Leads 

44-Pin Formed 
0°C to 70°C TSC7126CKW Plastic Flat Leads 

TSC7126CLW 44-Pin 0°C to 70°C 
PLCC 

Devices with 160 Hour, +125° C Burn-In 

TSC7126CPL/BI 

TSC71261JL/BI 
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Pin Configuration 

osc, 

I OSC2 

c, OSC3 

B, TEST 

'" V°t.EF 

~ 
VAEF 

a, cj!tEF ., CREF 
ANALOG 
COMMON 

vtN 

10's 
B2 VjN 

~ 
CAz 

VeuFF 

VINT 
v-

100's "'l 
L C3 100's 

A3 J 
G3 

BP 

osc, v• 
OSC2 o, l c, ., 
VAeF A1 ,., 
VffEF ., 

~ 
cAeF 7 a, 
CffeF 8 ., 

ANALOG • o, 
COMMON 

vjN c, 
VfN 11 B, 

lO's 
CAz A2 

~ 
VeuFF •2 

VINT •2 
v- 03 

1"2 B3 
lOO's 

100's Ca F3 _J L AJ 
E3 

G3 AB4 • 1000's 

BP POL 

v- NC 

INT 

BUFF 

NC 

CAil 

NC 

NC 

SUB 

NC 

IN HI 

NC 

COMMON 

c-REF 

c·ReF 

REF LO 

TSC7126 

p 
N 0 

G, c C3 A3 G3 L E3 

NOTES; 
1. NC= NO INTERNAL CONNECTION 
2. PINS 8, 23. 38 ANO 53 ARE CONNECTED TO THE DIE 

SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY v+, NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

" B3 

03 

., 
" 
A, 

B, 

c, 

NC 

SUB 

NC 

G, 

B• 

Note: For further information on Pin Configurations, see page 7-253. 
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Absolute Maximum Ratings* 
Supply voltage (V+ to V-) .......................... 15 V 
Analog Input Voltage (either input) "' .......... V+ to V-
Reference Input Voltage (either input) . . . . . . . . . . V+ to v: 
Clock Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V 
Power Dissipation 12 ' 

Ceramic Package ........................ 1000 mW 

Electrical Characteristics 3 

CHARACTERISTICS CONDITIONS 
Zero Input Reading V1N = O.OV 

Full Scale= 200.0 mV 

Ratiometric Reading V1N = VREF 
VREF = 100mV 

Rollover Error (Difference in -VIN= +VIN 200.0 mV 
reading for equal positive and 
negative reading near Full Scale) 

Linearity (Max. deviation from Full Scale= 200 mV 
best straight line fit) or Full Scale= 2.000 V 
Common Mode Rejection Ratiol•J VcM '· ±1 V, V1N = OV. 

Full Scale= 200.0 mV 

Noise (Pk - Pk value not exceeded 95% V1N = OV 
of time) Full Scale= 200.0 mV 
Leakage Current@ Input V1N = OV 
Zero Reading Drift V1N = 0 

0° < TA< 70°C 
Scale Factor Temperature Coefficient v,N = 199.0 mV 

0 <TA< 70°C 
(Ext. Ref. O ppm/0 C) 

Supply Current (Does not V1N = 0 
include Common current) 1 Note 61 

3 1/2 DIGIT AID CONVERTER 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mW 
Operating Temperature 

(C Device) ........................... 0°C to +70°C 
(I Device) .......................... -25° C to +85° c 

Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 

MIN TYP MAX UNITS 

-000.0 ±000.0 +000.0 Digital Reading 

999 999/1000 1000 Digital Reading 

-1 ±0.2 +1 Counts 

-1 ±0.2 +1 Counts 

- 50 - µVIV 

- 15 - µV 

- 1 10 pA 

- 0.2 1 µ V/°C 

1 5 ppm!°C 
-

- 50 100 µA 

Analog Common Voltage (with respect 250K!! between Common and 2.4 2.8 3.2 v 
to positive supply) positive supply 
Temp. Coeff. of Analog Common 250Kll between Common and 80 - ppm/°C 
(with respect to positive supply) positive supply 

Pk-Pk Segment Drive Voltage v• to v-= 9V 
(Note5) 

Pk-Pk Backplane Drive Voltage v· to v-= 9V 
(Note5) 

Power Dissipation Capacitance vs. Clock Frequency 

Notes: 
1. Input voltages may exceed the supply voltages provided the input current is 

limited to ±100 µA. 
2. Dissipation rating assumes device is mounted with all leads soldered to 

printed circuit board. 
3. Unless otherwise noted, specifications apply at TA= 25° C. fcLOCK = 16 kHz 

and are tested in the circuit of Figure 1. 

-

4 5 6 v 

4 5 6 v 

- 40 - pF 

4. Refer to "Differential Input" discussion on page 4. 
5. Backplane drive is in phase with segment drivefor'off' segment, 180° out of 

phase for 'on' segment. Frequency is 20 times conversion rate. Average DC 
component is less than 50 mV. 

6. During auto-zero phase, current is 10-20 µA higher. 48 kHz oscillator, 
Figure 2, increases current by 8 µa (typ.). 

*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device reliability. 
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Pin Description 

40-Pln DIP 60-Pin 
Pin Number Flat Package 

Normal (Reverse) Pin Number Name Description 

(40) 13 v+ Positive supply voltage. 

2 (39) 14 D1 Activates the D section of the units display. 

3 (38) 15 C1 Activates the C section of the units display. 

4 (37) 16 B1 Activates the B section of the units display. 

5 (36) 17 A1 Activates the A section of the units display. 

6 (35) 18 F1 Activates the F section of the units display. 

7 (34) 19 G1 Activates the G section of the units display. 

8 (33) 20 E1 Activates the E section of the units display. 

9 (32) 21 D2 Activates the D section of the tens display. • 10 (31) 25 C2 Activates the C section of the tens display. 

11 (30) 26 B2 Activates the B section of the tens display. 

12 (29) 27 A2 Activates the A section of the tens display. 

13 (28) 28 F2 Activates the F section of the tens display. 

14 (27) 29 E2 Activates the E section of the tens display. 

15 (26) 30 03 Activates the D section of the hundreds display. 

1.6 (25) 31 B3 Activates the B section of the hundreds display. 

17 (24) 32 f3 Activates the F section of the hundreds display. 

18 (23) 33 E3 Activates the E section of the hundreds display. 

19 (22) 34 AB4 Activates both halves of the 1 in the thousands display. 

20 (21) 35 POL Activates the negative polarity display. 

21 (20) 36 BP Backplane drive output. 

22 (19) 37 G3 Activates the G section of the hundreds display. 

23 (18) 40 A3 Activates the A section of the hundreds display. 

24 (17) 41 C3 Activates the C section of the hundreds display. 

25 (16) 43 G2 Activates the G section of the tens display. 

26 (15) 45 v Negative power supply voltage. 
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TSC7126 
Pin Description (Cont.) 

40-Pln DIP 
Pin Number 

Nonnel (Reverse) 

27 (14) 

28 (13) 

29 (12) 

30 (11) 

31 (10) 

32 (9) 

33 (8) 

34 (7) 

35 (6) 

36 (5) 

37 (4) 

38 (3) 

39 (2) 

40 (1) 

60-Pln 
Flat Package 
Pin Number 

46 

47 

49 

51 

55 

57 

58 

59 

60 

Name Description 

V1NT 

VeuFF 

CAZ 

viN 

The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 
output to saturate. When analog common is used as a reference and 
the conversion rate is 3 readings per second, a 0.047 µF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See INTEGRATING CAPACITOR section for additional details. 

Integration resistor connection. Use a 180 kn for a 200 mV full-scale range and a 
1.80 Mn for 2 V full-scale range. 

The size of the auto-zero capacitor influences the system noise. Use a 0.33 µF 
capacitor for a 200 mV full-scale, and a 0.033 µF capacitor for a 2 volt full-scale. 
See paragraph on AUTO-ZERO CAPACITOR for more details. 

The low input is connected to this pin. 

The high input signal is connected to this pin. 

This. pin is primarily used .to set the analog common-mode voltage for battery 
Analog operation or in systems where the input signal is referenced to the power supply. 

Common See paragraph on ANALOG COMMON for more details. It also acts as a 
reference voltage source. 

CREF See pin 34. 

CiteF 

VREF 

VREF 

A 0.1 µF capacitor is ustiq in most applications. If a large common mode voltage 
exists (for example theV1N pin is not at analog common), and a 200 mV scale is 
used, a 1.0 µFis recommended and will hold the rollover error to 0.5 count. 

See pin 36. 

The analog input required to generate a full-scale output (1,999 counts). Place 
100 mV between pins 35 and 36 for 199.9 mV full-scale. Place.1.00 volts between 
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to v•) all segments will be turned on and the display 
3 Test should read -1888. It may also be used as a negative supply for externally 

generated decimal points. See paragraph under TEST for additional information. 

4 OSC3 See pin 40. 

6 OSC2 See 'pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
10 OSC1 section) connect pin 40 to the junction of a 180 kn resistor and a 50 pF capacitor. 

The 180 kn resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 
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Detailed Description 
ANALOG SECTION 
Figure 3 shows the Block Diagram of the Analog Section 
for the 7126. Each measurement cycle is divided into three 
phases. They are 111 auto-zero 1A-Z1, 121 signal integrate 
1INTI and 131de-integrate,1DE1. 

1. Auto-zero phase 
Input high and low are disconnected from the pins and 
internally shorted to analog COMMON. The reference 
capacitor is charged to the reference voltage. A feedback 
loop is closed around the system to charge the auto-zero 
capacitor CAZ to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. The offset referred 
to the ihput is less than 10µV. 

2. Signal Integrate phase 

The auto-zero loop is opened, the internal short is re
moved, and the internal input high and low are connected 
to the external pins. The converter then integrates the 
differential voltage between IN Hr and IN LO for a fixed 
time. This differential voltage can be within a wide com
mon mode range; within one volt of either supply. If, on the 
other hand, the input signal has no return with respect to 
the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode vol
tage. At the end of this phase, the polarity of the integrated 
signal is determined. 

3. De-Integrate Phase 
The final phase is reference integrate or de-integrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 

I 

I 
I 
I 
I 

132 

+ 
CAEF 

34 

REF HI REF LO 

36 35 

COMMON CB-_._~~-+~~..-~+-~--' 
I 

33 

TSC7126 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity 
to cause the integrator output to return to zero. The 
time required for the output to return to zero is propor
tional to the input signal. The digital reading displayed is 

1000x~ · 
VREF 

Dlfferentlal Reference 

The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capac-
ity on its nodes. If there is a large common mode voltage, the 

7 reference capacitor can gain charge (increase voltage! 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage I when called up to deintegrate a 
negative input signal. This difference in reference for 1+1 or 
I- I input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari-
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition. See Compo-
nent Values Selection. 

Dlllerentlal Input 

The input can accept differential voltages anywhere within 
the common mode range of the input amplifier; or specifi
cally from 1.0 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 

v+ 

6.2V 

TSC7126 

I 
INLOClr-30~---0(}--~~--<"-~~~~~~~-+-~~~~~~~~---' 

I INT 

L _________________________ ~-------------------------------------
v-

Figure 3: Analog Section of TSC7126. 
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positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accuracy. 
The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 

Analog Common 
This pin is included primarily to set the common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog common has some of the 
attributes of a reference voltage. When the total supply vol
tage is large enough to cause the zenerto regulate (>7Vi, the 
common voltage will have a low voltage coefficient 
i0.001%/%1, low output impedance 1"'1501, and a tempera
ture coefficient typically less than 80 ppm/° C. 

An external reference may be added to improve temperature 
stability. The circuit is shown in Figure 4. 

v' 

v• 
REF HI v' 

"""" TSC7126 

"""" lSC7126 

REF LO 

COMMON 

l•l (b) 

Figure 4: Using an External Reference 

27KH 

9491 CJ 

1.2 v 
REFERENCE 

Analog common is also used as the IN LO return during 
auto-zero and de-integrate. If IN LO is different from analog 
COMMON, a common mode voltage exists in the system 
and is taken care of by the excellent CMRR of the converter. 
However, in some applications IN LO will be set at a fixed 
known voltage (power supply common for instance1. In this 
application, analog COMMON should be tied to the same 
point, thus removing the common mode voltage from the 
converter. The same holds true for the reference voltage. If 
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Test 
The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 5000 resis
tor. Thus it can be used as the negative supply for 
externally generated segment drivers such as decimal 
points or any other presentation the user may want to 
include on the LCD display. No more than a 1 mA load 
should be applied. Figures 5 and 6 show such an 
application. 

The second function is a "lamp test". When TEST is pulled 
high (to v+1 all segments will be turned on and the display 
should read - 1888. The TEST pin will sink about 10 mA 
under these conditions 

Caution: In the lamp test mode, the segments have a con
stant d-c voltage (no square-wave) and may burn the 
LCD display if left in this mode for several minutes. 

jv+ 

"""" TSC7126 

BP 
21 

TEST 
37 

v+ ,- -, 
I 4049 I 
I I 
I I 
I I 
I to.. I 
I ...... I 

L -1G- _J GND 

-<". 

TO LCD 
DECIMAL 
POINT 

TO LCD 
BACK PLANE 

Figure 5: Simple Inverter for Fixed Decimal Point 

v• 
r-- --, 

: ,.,_DE-C-IM_A_L--+-+·__,~16~~,;~l 
TSC7126 POINT 1 "'----!.__

1 
POINTS 

SELECT L/ j 

:D+ 
' ' I 4030 I 
._ __ __ _J TEST 

~--------~ \GNO 

Figure 6: Exclusive 'OR' Gate for Decimal Point Drive 

reference can be conveniently referenced to analog COM- DIGITAL SECTION 
MON, it should be since this removes the common mode Figure 8 shows the digital section for the 7126. An inter-
voltage from the reference system. nal digital ground is generated from a 6 volt Zener diode 

Within the IC analog COMMON is tied to an N-channel and a large P channel source follower. This supply is 
FET that can sink 100 µA or more of current to hold the made stiff to absorb the relative large capacitive currents 
voltage 2.8 volts below the positive supply (when a load is when the backplane 1 BP1 voltage is switched. The BP 
trying to pull the common line positive1. However, there frequency is the clock frequency divided by 800. For 
is only 1 µA of source current, so COMMON may easily three readings/second this is a 60 Hz square wave with a 
be tied to a more negative voltage thus over-riding the nominal amplitude of 5 volts. The segments are driven at 
internal reference. 7_248 the same frequency and amplitude and are in phase with 



PRODUCT INFORMATION 

BP when OFF, but out of phase when ON. In all cases, 
negligible d-c voltage exists across the segments. The 
polarity indication is "ON" for negative analog inputs. If 
IN LO and IN HI are reversed, this indication can be re
versed also, if desired. 

System Timing 
Three clocking methods may be used: (Figure 71 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 11000 
counts), reference de-integrate 1Oto2000 counts I and auto
zero C1000 to 3000counts1. For signals less than full scale, 
auto-zero gets the unused portion of reference integrate. 
This makes a complete measure cycle of 4,000I16,000 clock 
pulses 1 independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 

TSC7126 

TYPICAL SEGMENT OUTPUT 

SEGMENT 
OUTPUT 

INTERNAL DIGITAL GROUND 

TSC7126 
To achieve maximum rejection of 60 Hz pickup, the sig
nal integrate cycle should be a multiple of 60 Hz. 

·Oscillator frequencies of 60 kHz, 48 kHz, 40 kHz, 33-1/3 
kHz, etc. should be selected. For 50 Hz rejection, Oscilla
tor frequencies of 66-2/3 kHz, 50 kHz, 40 kHz, etc. would 
be suitable. Note that 40 kHz (2.5 readings/second) will 
reject both 50 and 60 Hz 1also 400 and 440 Hz1. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L------

"" TSC7126 

Figure 7: Clock Circuits 
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Figure 8: Digital Section 7-249 
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TSC7126 
Component Value Selection 
1. Auto-zero CapacHor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200 mV full scale where 
noise is very important, a 0.33 µF capacitor is 
recommended. On the 2 volt scale, a 0.033 µF capacitor 
increases the speed of recovery from overload and is 
adequate for noise on this scale. 

2. Reference Capacitor 

A 0.1 µF capacitor is acceptable in most applications. How
ever, where a large common mode voltage exists !i.e. the 
REF LO pin is not at analog COMMON 1 and a 200 mV scale is 
used, a larger value is required to prevent roll-over error. 
Generally 1.0 µF will hold the roll-over error to 0.5 count in 
this instance. 
3. Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up 
will not saturate the integrator swing (approx. 0.3 volt 
from either supply I. When the analog COMMON is used 
as a reference, a nominal ±2 volt full scale ·integratcfr .· 
swing is acceptable). F.or three readings/second' C48 kHz 
clock 1 nominal value for C1Ni'-is 0.047 µF, for one reading 
per second (16 kHz1use0.15 µF. · 
If different oscillator frequencies are used, these values 
should be chahged in inverse proportion to maintain the 
output swing. 
The integrating capacitor must have low dielectric 
absorption to prevent roll-over errors. Polypropylene 
capacitors are recommended for this application. 

At three readings/sec., a 750n resistor should be placed 
· in series with the integrating capacitor, to compensate 
for comparator delay. 

Typical Applications 

.,~ 
TSC7126 
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4. Integrating Resistor 

.Both the buffer amplifier and the integrator have a class A 
output stage with 6 j,.A of quiescent current They can 
supply -1 µA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full scale, 1.8 Mn is near optimum 
and similarly 180 Kn for a 200.0 mV scale. 

5. Oscillator Components 
For all ranges of frequency a ·so pi= capacitor is recom
mended and the resistor is selected from the approximate 
equation f - 45 . For 48 kHz clock (3 readings/second!, 
R = 180 Kn. RC 

6. Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V1N = 2 VAEf. Thus, for the 200.0 mVand 
2.000 volt scale, VAEF should equal 100.0 mV and 1.000 volt, 
respectively. However, in many applications where the A/D 
is connected to a transducer. there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full scale reading when the voltage from 

·.the transducer is 0.682V. Instead of dividing the input down 
to 200.0 mV, the designer should use the input voltage 
directly and select VAEF = 0.34iV. A suitable value for inte
grating resistor would be 330 Kn. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input Another advantage of this system 
occurs when a digital reading of zero is desired for V1N "'0 .. 
Temperature. and weighing systems with a variable tare are 
examples. This offset reading can be conveniently gener
ated by connecting the voltage transducer between IN Hl 
and COMMON and the variable 1or fixed1 offset voltage 
between COMMON and IN LO. 

Sc•I• taclor MJu•t 
(Vref "' 100mV tor AC to RMS) 

Figure 9: AC to DC Converter with TSC7126. Test is Used as a Common Mode Reference Level to Ensure 
Compatibility with Most Op-amps. 7_250 
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Typical Applications (Cont.) 

Figure 10: Recommended Values for 2.000 V Full• 
Scale, Three Readings Per Second. 

Ol-~~~.----'\,f\/\.,...4--J\.IX/\~-+-,-o>!•Y 

I.IV 

Figure 11: TSC7126 with Zener Diode Reference. 

7-251 

TSC7126 

Topln1-

Sel Vrel = 100.0mV 

rf----~/ 
10Kl1 

~"' 
220Kf! 

TSC7126 

Figure 12: TSC7126 Using the Internal Reference. 
200.0 mV Full-Scale, Three Readings Per 
Second, Floating Supply Voltage 
(9 V Battery). 

Figure 13: TSC7126 Operated From Single +5 V 
Supply. An External Reference Must 
Be Used. 

• 



TSC7126 
Typical Applications (Cont.) 

'Values depend on clock frequency. See Figure 10, 12, 15. 

Figure 14: TSC7126 Measuring Ratlometrlc Values of 
Quad Load Cell. The Resistor Values 
Within the Bridge are Determined by the 
Desired Sensitivity. 

v• 

+ 
IN 

.-

Figure 15: TSC7126 With an External Band-Gap 
Reference (1.2 V Typ) IN LO Is Tied to 
Common. Values Shown are for One 
Reading Per Second. 

"ff" 
TSC7126 
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Silicon NPN 
MPS 3704 or 
simil•r 

Figure 16: TSC7126 Used as a Dlgltal Centigrade 
Thermometer. A'Sillcon Diode-Connected 
Transistor Has a Temperature Coefficient 
of About 2 mV/° C. 

v+ 

0 Renge 

U A•nge 

or 74C10 C04017 

Figure 17: Circuit for Developing Underrange and 
Overrange Signals from TSC7126 Outputs. 
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TSC7126 
Typical Applications (Cont.) 

~'" TSC7126 

*Values depend on clock frequency. See Figure 10, 12, 15. 

Figure 18: Recommended Component Values for 2.00VFull-Scale,OneReadingPerSecond. 

Pin Configurations 

< ell u 

TSC7126CLW 
(PLCC) 
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.-,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 
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1 M!l 

•O---NV"--.-; 
ANALOG 
INPUT 

0.15 µF 

Figure 1: Typical Operating Circuit 

0.1 µF 

34 33 

s50 kn 

FEATURES 
• Internal Reference With Low 

Temperature Drift . . . . . . . . . . 35 ppm/° C Typical 
75 ppm/° C Maximum 

• Guaranteed Zero Reading with Zero Input 
• Low Noise . . . . . . . . . . . . . . . . . . . . . . . . . . 15 µVp.p 
• High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 
• Low Input Leakage Current . . . . . . 1 pA Typical 

10 pA Maximum 
• Direct LCD Drive - No External Components 
• Precision Null Detection With True Polarity at Zero 
• High Impedance Differential Input 
• Convenient 9 V Battery Operation With Low 

Power Dissipation . . . . . . . . . . . . . 500 µW Typical 
900 µW Maximum 

• Internal Clock Circuit 
• Improved Drop-In Replacement For ICL7126 that 

offers Low Analog Common Voltage Drift 
• Available in Compact Flat Package 
• Industrial Temperature Range Device Available 

LCD DISPLAY 

-1999 
BACKPLANE 

1 CONVERSION/SEC 

TO ANALOG COMMON 
(P32) 

7-255 

• 



TSC7126A 
GENERAL DESCRIPTION 

The TSC7126A is a low power 3 1/2 Digit LCD 
display analog to digital converter that allows existing 
7126 based systems to be upgraded. An improved 
internal zener reference voltage circuit maintains the 
analog common temperature drift to 35 ppm/°C typi
cally. A 75 ppm/°C maximum limit is guaranteed. This 
represents a 2to 4times improvement oversimilar31/2 
digit converters. 

Existing TSC7126 or ICL7126 based systems 
may be upgraded without changing external passive 
component values. The costly, space consuming ex
ternal reference source may be removed. Power dissi
pation is a low 900 µW maximum. Long battery life is 
guaranteed; a key design consideration in portable or 
battery back-up systems. · · 

The TSC7126A limits linearity error to less than 
1 count on 200 mV or 2.00 V full-scale ranges. Rollover 
error -the difference in readings for equal magnitude 
but opposite polarity input signals - is below ±1 
count. High impedance differential inputs offer 1 pA 
leakage currents and a 1012 n input impedance. The 
differential reference input allows ratiometric measure
ments for ohms or bridge transducer measurements. 
The 15 µVp_p noise performance guarantees a "rock 
solid" reading. The auto zero cycle guarantees a zero 
display readout for a zero volt input. 

The single chip CMOS TSC7126A incorporates 
all the active devices for a 3 1/2 digit analog to digital 
converter to directly drive an LCD display. The internal 
oscillator, precision voltage reference and display 
segment/backplane drivers simplify system integration, 
reduce board space requirements and lower total cost. 
A low cost, high resolution -0.05%- indicating meter 
requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multimeters. 

The TSC7126A dual slope conversion technique 
rejects interference signals if the converters integration 
time is set to a multiple of the interference signal 
period. This is especially useful in industrial measure
ment environments where 50, 60 and 400 Hz line 
frequency signals are present. 

3 1/2 DIGIT AID CONVERTER 

Typical.·· Applications 

• Thermometry 
• Bridge Readouts (Strain Gauges, Load Cells, Null 

Detectors) 
• Digital Meters 

- Voltage/Current/Ohms/Power 
- pH 
- Capacitance/Inductance 
- Fluid Flow RateNiscosity/Level 
- Humidity 
- Position 

• Digital Scales 
• Panel Meters 
• LVDT Indicators 

• Portable Instrumentation 

• Power Supply Readouts 

• Process Monitors 

• Gaussometers 
• Photometers 

Ordering Information 

Reference 
Pin Temp. Temp. 

Part No. Package Layout Range Coefficient 

TSC7126ACPL 40-Pin Normal O'C to 75 ppm/'C 
Plastic Dip 70°C Max 

TSC7126ARCPL 40-Pin Reversed O'C to 75 ppm/'C 
Plastic Dip 70'C Max 

TSC7126AIJL 40-Pin Normal -25'C to 100 ppm/'C 
CerDIP +85°C Max 

TSC7126ACBQ 60-Pin Formed O'C to 75 ppm/'C 
Plastic Flat Leads 70'C Max 

TSC7126ACKW 44-Pin Formed O'C to 75 ppm/'C 
Plastic Flat Leads 70°C Max 

TSC7126ACLW 44-Pin 0°C to 75 ppm/'C 
PLCC 70°C Max 

Devices with 160 Hour, +125° C Burn-In 

TSC7126ACPL/BI 40-Pin Normal O'C to 75 ppm/'C 
Plastic Dip +70°C Max 

TSC7126AIJL/BI 40-Pin Normal -25°C to 100 ppm/'C 
CerDIP +85°C Max 
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Pin Configuration 
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OSC3 
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V°tteF 
VfiEF 
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NC 
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NC 

IN HI 

NC 
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c-REF 

C'REF 

REF LO 

p 
0 

NC G, c, ., G, l 
., 

NOTES: 
1. NC"' NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 

SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATEL V v+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

Note: For further information on Pin Configurations, see page 7-260. 
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TSC7126A 
Absolute Maximum Ratings Plastic Package {P) .......................... 800 mW 
Supply Voltage {V+ to V-) .......................... 15 V Epoxy Flat Package {B, S) ................... 500mW 
Analog Input Voltage {either input) 111 ••••••••••• V+ to V Operating Temperature 
Reference Input Voltage {either input) .......... V+ to V- ("C" Devices) .......................... 0°c to +10°c 
Clock Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V+ {"I" Devices) ..........•.............. -2s0 c to +as• c 
Power Dissipation 12 ' Storage Temperature ................. -65°C to +160°C 

CerDIP Package {J) ........................ 1000 mW Lead Temperature {Soldering, 60 sec) ··········· 300 °c 

Electrical Characteristics: Vs= 9 v, fc1ock = 16 kHz and TA= 2s 0 c unless otherwise noted. 

TEST TSC7126A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Zero Input Reading V1N = 0.0 V, -000.0 ±000.0 +000.0 
Digital 

Full-Scale = 200.0 mV Reading 

2 Zero Reading Drift V1N = 0.0 V, 0.2 µV/°C 0°c :s TA :s 10°c 

3 Ratiometric Reading V1N = VREF, 999 
999 1000 Digital 

I VREF = 100 mV 1000 Reading 
N 
p Full-Scale = 200 mV or 
u 4 NL Linearity Error 2.000 V. Max. Deviation -1 ±0.2 +1 Counts 
T from Best Straight Line. 

5 Rollover Error -VIN= +V1N -1 ±0.2 +1 Counts 
= 200.0 mV 

6 EN Noise V1N = 0 V, 15 µVp-p Full-Scale = 200.0 mV 

7 IL Input Leakage Current V1N = 0 V 10 pA 

8 CMRR Common-Mode VeM = ±1 V, V1N =O V 
50 µVIV Rejection. Ratio Full-Scale = 200.0 mV 

Scale Factor V1N = 199.0 mV, 

9 Temperature 0°c :STA :S 70°C 5 ppm/°C 
Coefficient Ext. Ref. Temp. 

Coeff. = o ppm/°C 

Analog Common 
250 kn Between+ 
Commom and V 

10 Vere Temperature 0°c :s TA :s 10°c 35 75 ppm/°C 
Coefficient "C" Commercial 

AC Temp. Range Devices 
NO 250 kO Between AM 

Analog Common Common and v+ LM 
00 11 Vere Temperature -2s 0 c :s TA :s; as 0 c 35 100 ppm/°C 
GN Coefficient "I" Industrial Temp. 

Range Devices 

12 Ve Analog Common 250 kO Between+ 2.7 3.05 3.35 v Voltage Common and V 

D 13 Vso 
LCD Segment v+ to v-= 9 v 4 5 6 Vp-p L R Drive Voltage 

Cl 
DV 14 Vso 

LCD Backplane v+ to v- = 9 v 4 5 6 Vp-p E Drive Voltage 

SUPPLY 15 Is Power Supply Current 
V1N = 0 V, v+ to v- = 9 V, 

55 100 µA 
Note 7 

Notes: 4. Refer to "Differential Input" discussion. 
1. Input voltages may exceed the supply voltages when the input current is 

limited to 100 µA. 
2. Dissipation rating assumes device is mounted with all leads soldered to 

printed circuit board. 

5. Backplane drive is in phase with segment drive for 'off' segment and 180° 
out of phase for 'on' segment. Frequency is 20 times conversion rate. 
Average DC component is less than 50 mV. 

6. See Figure 1. 
3. Static sensitive device. Unused devices should be stored in conductive 

material to protect devices from static discharge and static fields. 
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7. During auto-zero phase, current is 10-20 µA higher. A 48 kHz oscillator, 
increases cuirant by S µA (typ.). Common current not included. 
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TSC7126A 
Pin Description 

40-Pln DIP 60-Pln 
Pin Number Flat Package 

Normal (Reverse) Pin Number Name Description 

(40) 13 v+ Positive supply voltage. 

2 (39) 14 01 Activates the. 0 section of the units display. 

3 (38) 15 C1 Activates the C section of the units display. 

4 (37) 16 B1 Activates the B section of the units display. 

5 (36) 17 A1 Activates the A section of the units display. 

6 (35) 18 F1 Activates the F section of the units display. 

7 (34) 19 G1 Activates the G section of the units display. 

8 (33) 20 E1 Activates the E section of the units display. • 9 (32) 21 02 Activates the O section of the tens display. 

10 (31) 25 C2 Activates the C section of the tens display. 

11 (30) 26 B2 Activates the B section of the tens display. 

12 (29) 27 A2 Activates the A section of the tens display. 

13 (28) 28 F2 Activates the F section of the tens display. 

14 (27) 29 E2 Activates the E section of the tens display. 

15 (26) 30 03 Activates the 0 section of the hundreds display. 

16 (25) 31 B3 Activates the B section of the hundreds display. 

17 (24) 32 F3 Activates the F section of the hundreds display. 

18 (23) 33 E3 Activates the E section of the hundreds display. 

19 (22) 34 AB4 Activates both halves of the 1 in the thousands display. 

20 (21) 35 POL Activates the negative polarity display. 

21 (20) 36 BP Backplane drive output. 

22 (19) 37 G3 Activates the G section of the hundreds display. 

23 (18) 40 A3 Activates the A section of the hundreds display. 

24 (17) 41 C3 Activates the C section of the hundreds display. 

25 (16) 43 G2 Activates the G section of the tens display. 
-26 (15) 45 v Negative power supply voltage. 

The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 

27 (14) 46 VINT 
output to saturate. When analog common is used as a reference and 
the conversion rate is 3 readings per second, a 0.047 µF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See INTEGRATING CAPACITOR section for additional details. 

28 (13) 47 VsuFF 
Integration resistor connection. Use a 180 kn for a 200 mV full-scale range and a 
180 Mn for 2 V full scale range. 
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Pin Description (Cont.) 

40-Pln DIP 
Pin Number 

Normal (Reverse) 

29 (12) 

30 (11) 

31 (10) 

32 (9) 

33 (8) 

34 (7) 

35 (6) 

36 (5) 

37 (4) 

38 (3) 

39 (2) 

40 (1) 

60-Pln 
Flat Package 
Pin Number 

49 

51 

55 

57 

58 

59 

60 

3 

4 

6 

10 

Pin Configurations 

TSC7126ACLW 
(PLCC) 
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Name Description 

The size of the auto"zero capacitor influences the system noise. Use a 0.33 µF 
CAZ capacitor for a 200 mV full-scale, and a 0.033 µF capacitor for a 2 volt full-scale. 

See paragraph on AUTO-ZERO CAPACITOR for more details. 

ViN The low input is connected to this pin. 

V~ The high input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode voltage for battery 
Analog operation .or in systems where the input signal is referenced to the power supply. 

Common See paragraph on ANALOG COMMON for more details. It also acts as a 
reference voltage source. 

CREF See pin 34. 

cREF 

VREF 

VREF 

A 0.1 µF capacitor is used in most applications. If a large common mode voltage 
exists (for example the ViN pin is not at analog common), and a 200 mV scale is 
used, a 1.0 µFis recommended and will hold the rollover error to 0.5 count. 

See pin 36. 

The analog input required to generate a full-scale output (1,999 counts). Place 
100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to v•) all segments will be turned on and the display 
Test should read -1888. It may also be used as a negative supply tor externally 

generated decimal points. See paragraph under TEST for additional information. 

OSCa See pin 40. 

OSC2 See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
OSC1 section) connect pin 40 to the junction of a 180 kn resistor and a 50 pF capacitor. 

i 

The 180 kn resistor is tied to pin 39 and .the 50 pF capacitor is tied to pin 38. 
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General Theory of Operation 

Dual Slope Conversion Principles 
The TSC7126A is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7126A opera
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated fora fixed time 
period (Ts1). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (TR1). 

In a simple dual slope converter a complete conversion 
requires the integrator output to "ramp-up" and "ramp-down." 

5 
5 
0 
IC 

~ 

REF 
VOLTAGE 

-, 
I 

l 
L_ 

IC "'-"'---'-.----- V1N"" 1/2 VFULLSCALE 
~~ __ _.____,.____,,~_ 
- I• FIXED 

SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

Figure 2: Basic Dual Slope Converter 

T"' MEASUREMENT PERIOD 

0.1/T 1/T 10/T 
INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 7-261 

A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

VRTR1 i Ts1 

- 1 - V1N(t)dt ----
RC O RC 

where: 

VR = Reference Voltage 
Ts1 = Signal Integration Time (Fixed) 
TR 1 = Reference Voltage Integration Time (Variable) 

For a constant V1N: 

V1N=VR~ 
Ts1 

The dual slope converter accuracy is unrelated to the inte
grating resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune 
to the large conversion errors that plague successive approxi
mation converters in high noise environments. Interfering 
signals with frequency components at multiples of the averag
ing period will be attenuated. Integrating ADCs commonly 
operate with the signal integration period set to a multiple of 
the 50/60 Hz power line period. 

Analog Section 
In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC7126A design incorporates 
an auto-zero cycle. This cycle removes buffer amplifier, inte
grator, and comparator offset voltage error terms from the 
conversion. A true digital zero reading results without 
external adjusting potentiometers. A complete conversion 
consists of three cycles: an auto-zero, signal integrate and 
reference integrate cycle. 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on CAZ 
compensates for device offset voltages. The auto-zero cycle 
residual is typically 10 -15 µV. 

The auto-zero cycle length is 1000 to 3000 clock periods. 

Signal Integration Cycle 
The auto-zero loop is opened and the internal differential 
inputs connect to VlN and VIN. The differential input signal is 
integrated for a fixed time period. The TSC7126A signal inte
gration period is 1000 clock periods or counts. The externally 
set clock frequency is divided by four before clocking the 
internal counters. The intergration time period is: 

4 

lose 

• 
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where: 

lose = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range when the converter and measured sys
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, VIN should be tied to analog common. 

Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci
sion null detection limited only by device noise and auto-zero 
residual offsets. 

Reference Integrate Cycle: 
The final phase is reference integrate or deintegrate. VIN is 
internally connected to analog common and VrN is connected 
across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected 
with the correct polarity to cause the integrator output to 
return to zero. The time required for the output to return to 
zero is proportional to the input signal and is between O and 
2000 internal clock periods. The digital reading displayed is 

1000 

Digital Section 

V1N 

VREF 

The TSC7126A contains all the segment drivers necessary to 
directly drive a 3-1/2 digit liquid crystal display (LCD). An 
LCD backplane driver is included. The backplane frequency 
is the external clock frequency divided by800. Forthre.e con
versions/second the backplane frequency is 60 Hz with a 5 V 
nominal amplitude. When a segment driver is in phase with 
the backplane signal the segment is "OFF." An out of phase 
segment drive signal causes the segment to be "ON" or visible. 
This AC drive configuration results in negligible DC voltage 
across each LCD segment. This insures long LCD display life. 
The polarity segment driver is "ON"fornegative analog inputs. 
If Vu1i and V1iii are reversed this indicator would reverse. 

On the TSC7126A when the test pin is pulled to v+ all segments 
are turned "ON." The display reads -1888. During this mode 
the LCD segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than several min
utes. LCD displays may be destroyed if operated with DC 
levels for extended periods. 

The display FONT and segmentdriveassignmentareshown in 
Figure 5. 

DISPLAY FONT 
11000·.T'""''i'°''i'''I 

I-/ 8 8 BI O/c3'-156?89 

Figure 5: Display FONT and Segment Assignment. 
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TSC7126A 
System Timing 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurement 
cycle takes a total of 4000 counts or 16000 clock pulses. The 
4000 count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following length: 

• Auto-Zero Phase: 1000 to 3000 Counts 
(4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 

• Signal Integrate: 1000 Counts 
(4000 Clock Pulses) 

This time period is fixed. The integration period is: 

Ts1 = 4000 [ 1 ] 
lose 

Where lose is the externally set clock frequency. 

• Reference Integrate: O to 2000 Counts 
(0 to 8000 Clock Pulses) 

The TSC7126A is a drop in replacement for the TSC7126and 
ICL7126 that offers a greatly improved internal reference 
temperature coefficient. No external component value 
changes are required to upgrade existing designs. 

Component Value Selection 

Auto-Zero Capacitor - CAz 
The CAZ capacitor size has some influence on system noise. 
A 0.33 µF capacitor is recommended for 200 mV full-scale 
applications where 1 LSB is 100 µV. A 0.033 µF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type dielec
tric capacitor is adequate. 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator output vol
tage back to zero during the reference integrate cycle is 
stored on CREF. A 0.1 µF capacitor is acceptable when VIN is 
tied to analog common. If a large common-mode voltage 
exists (VREF #analog common) and the application requires 
a 200 mVfull-scale increase CReFtO 1.0 µF. Rollover error will 
be held to less than 0.5 count. A mylar type dielectric capaci
tor is adequate. 

Integrating Capacitor - C1NT 

C1NT should be selected to maximize integrator output vol
tage swing without causing output saturation. Due to the 
TSC7126A superior analog common temperature coefficient 
specification, analog common will normally supply the dif
ferential voltage reference. For this case a ±2 V full-scale 
integrator output swing is satisfactory. For 3 readings/sec
ond (lose= 48 kHz) a 0.047 value is suggested. For one read
ing per second 0.15 µFis recommended.If a different oscil
lator frequency is used C1NT must be changed in inverse 
proportion to maintain the nominal ±2 V integrator swing. 

An exact expression for C1NT is: 

• 



TSC7126A 
(4000) 

C1Nr= 

Where: 

,_1_) 
fose 

VINT 

(VFs) 

RINT 

fose = Clock frequency at Pin 38 
VFs = Full-scale input voltage 
R1NT = Integrating resistor 
V1NT = Desired full-scale integrator output swing 

At three readings per seccond, a 750 fl resistor should be 
placed in series with C1NT- This increases accuracy by com
pensating for comparator delay. C1NT must have low dielec
tric absorption to minimize roll-over error. An inexpensive 
polypropylene capacitor is recommended. 

Integrating Resistor - R1NT 

The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 
6 µA. The integrator and buffer can supply 1 µA drive 
currents with negligible linearity errors. R1NT is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale R1NT is 180 kfl. A 2.0 V full-scale requires 
1.8 mfl. 

Component 

Value 

Nominal Full•Scale Voltage 

200.0 mV 2.000 V 

CAZ 0.33 µF 0.033 µF 

R1NT 180 kfl 1.8 MO 

C1NT 0.047 µF 0.047 µF 

Note: 
1. lose= 48 kHz (3 readings/sec) 

Oscillator Components 
Cose should be 50 pf. Rose is selected from the equation: 

fose = 
0.45 

RC 
For a 48 kHz clock (3 conversions/sec) R = 180 kfl. 

MEASURED 
SYSTEM 

v' 

3 1/2 DIGIT AID CONVERTER 

Note that fose is divided by four to generate the TSC7126A 
internal control clock. The backplane drive signal is derived 
by dividing fose by 800. 

To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readin~s/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 

Reference Voltage Selection 
A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 

Required Full-Scale Voltage * VREF 

200.0 mV 100.0 mV 

2.000 v 1.000 v 
• VFS = 2 VREF 

In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 lb/in2 • Rather than dividing the input vol
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 

The differential reference can also be used when a digital 
zero reading is required when V1N is not equal to zero. This is 
common in temperature measuring instrumentation. A 
compensating offset voltage can be applied between analog 
common and VIN. ·The transducer output is connected 
between ViN and analog common. 

Device Pin Functional Description 
Differential Signal· Inputs 
(VtN (Pin 31), VIN (Pin 30)) 
The TSC7126A is designed with true differential inputs and 
accepts input signals within the input stage common-mode 

9V 

Figure 6: Common-Mode Voltage Removed in Battery Operation with V1N = Analog Common 

7-264 



PRODUCT INFORMATION 

voltage range (VcM). The typical range is V+ -1.0 to V- + 1 V. 
Common-mode voltages are removed from the system when 
the TSC7126A operates from a battery or floating power 
source (Isolated from measured system) and VIN is con
nected to analog common (VcoM): See Figure 6. 

In systems where common-mode voltages exist the 
TSC7126A 86 dB common-mode rejection ratio minimizes 
error. Common-mode voltages do, however, affect the inte
grator output level. Integrator output saturation must be 
prevented. A worse case condition exists if a large positive 
VcM exists in conjunction with a full-scale negative differen
tial signal. The negative signal drives the integrator output 
positive along with VcM (Figure 7). For such applications the 
integrator output swing can be reduced below the recom
mended 2.0 V full-scale swing. The integrator output will 
swing within 0.3 V of v+ or v- without increased linearity 
error. 

t 
VcM 

I 

l 

"' 

where: 

c, 

T1 =INTEGRATION TIME= ~~~~ 
C1 =INTEGRATING CAPACITOR 

R1 =INTEGRATING RESISTOR 

Figure 7: Common-Mode Voltage Reduces Available 
Integrator Swing. (VcoM # V1N) 

Differential Reference 
(V~EF (Pin 36), VREF(Pin 39)) 
The reference voltage can be generated anywhere within the 
v+ to v- power supply range. 

To prevent rollover type errors being induced by large 
common-mode voltages CREF should be large compared to 
stray node capacitance. 

The TSC7126A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/° C 
typically. 

Analog Common (Pin 32) 

The TSC7126A connects the internal VIN and VIN inputs to 
analog common during the auto-zero cycle. During the 
reference integrate phase VIN is connected to analog com
mon. If VIN is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and VIN are usually connected 
removing common-mode voltage concerns. In systems 
where VIN is connected to the power supply ground or to a 
given voltage, analog common should be connected to VIN. 

The analog common pin serves to set the analog section 
reference or common point. The TSC7126A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7126A power source. The analog common 
potential of v+ -3.0 V gives a 7 V end of battery life voltage. 
The common potential has a 0.001 %/%voltage coefficient and 
a 15 n output impedance. 

With sufficiently high total supply voltage (V+-v- >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability - typically 35 ppm/° C. This potential 
can be used to generate the TSC7126A reference voltage. An 
external voltage reference will be unnecessary in most cases 
because of the 35 ppm/° C temperature coefficient. See 
TSC7126A Internal Voltage Reference discussion. 

Test (Pin 37) 
The test pin potential is 5 V less than v+. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply through a 500 D. resistor. The test pin load 
should be no more than 1 mA. See the applications section 
for additional information on using test as a negative digital 
logic supply. 

If test is pulled high to v+ all segments plus the minus sign will 
be activated. Do not operate in this mode for more than 
several minutes. With Test = v• the LCD Segments are 
impressed with a DC voltage which will destroy the LCD. 

200.-------------..... 
180 

u 
~ 160 

2 ;: 140 
0 iii 
~ § 120 

8 
" ~ 

lJ,I 100 
8 

~ cc 80 

.;t ~ 60 

~ 40 

20 

GUARANTEED 
MAXIMUM ..-------, 
' ' ' ' ' ' ' ' I TYPICAL I 

NO 
MAXIMUM 
SPECIFIED 

TYPICAL 

ICL 
7126 

NO 
MAXIMUM 
SPECIFIED 

TYPICAL 

ICL 
7136 

The analog common pin is set at a voltage potential approxi
mately 3.0 V below V+. The potential is guaranteed to be 
between 2.7 V and 3.35 V below V+. Analog common is tied 
internally to an N channel FETcapableof sinking 30 mA. This 
FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward v+. Analog 
common source current is limited to 10 µ.A. Analog common 
is therefore easily pulled to a more negative voltage (i.e., 
below V+ -3.0 V). Figure 8: Analog Common Temperature Coefficient 
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TSC7126A 
TSC7126A Internal Voltage Reference 
The TSC7126A anaJog common voltage temperature sta
bility has been significantly improved (Figure 8). The "A" 
version of the industry standard'7126 device will allow users 
to upgrade old systems and design new systems without 
external voltage references. External R and C values do not 
need to be changed. Figure 9 shows analog common supply
ing the necessary voltage reference for the TSC7126A. 

Applications lnfonriation 
Liquid Crystal Display.Sources 
Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7126A 3 1/2 digit analog-to-digital 
converter. 

Manufacturer Address/Phone 

Crystaloid 5282 Hudson Dr., 
Electronics Hudson, OH 44236 

216/655-2429 

AND 770 Airport Blvd., 
Burlingame, CA 94010 
415/347-9916 

EPSON 3415 Kashikawa St., 
Torrance, CA 90505 
213/534-0360 

Hamlin, Inc. 612 E. Lake St ... 
Lake Mills, WI 53551 
414/648-2361 

Note: 

·Representative 
Part Numbers' 

C5335, H5535, 
T5135, SX440 

FE 0801 
FE 0203 

LD-B709BZ 
LD-H7992AZ 

3902,3933,3903 

1. Contact LCD manufacturer for full product listing/specifications. 

Decimal Point and Annunciator Drive 
The test pin is connected to the internally-generated digital 
logic supply ground through a 500 O resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
mA should be supplied by the test pin. The test pin potential is 
approximately 5 v below v•. 

Flat Package 
The TSC7126A is available in an epoxy 60-pin flat package. 
The "BQ" device leads are bent while the "SQ" device leads 
are unformed (straight). A testsocket for the TSC7126ACSQ 
device is available:. 

3 1/2 DIGIT. AID CONVERTER 

26 
v-

...,... 
TSC7126A 

V~EF 3& + 
VREF 

ViiEF 35 I 
ANALOG 32 
COMMON 

SET VffEF = 1/2VfULL SCALE 

240k0 

10 kO 

·Figure 9: TSC7126A Internal Voltage Reference 
Connection 

Part No.: 

v+ v+ r- -1 

..,'" I I 
I 4049 I 

TSC7126A I I 
I I 
I I 

TO LCD BP 21 
I DECIMAL 

L..- _,J POINT 

TEST 37 
GND 

~-----o~J-~~LANE 

Simple Inverter for Fixed Decimal Point 
or Display Annunciator 

v• 

Tllt6A DECIMAL[ 
POINT 
SELECT 

TEST -1-'1'£-' 

Multiple Decimal Point or 
Annunciator Driver 

Manufacturer: 
IC51-42 
Yamaichi 

Distribution: Nepenthe Distribution 
2471 East Bayshore 
Suite 520 
Palo Alto, CA 94043 
(415) 856-9332 

7-266 



PRODUCT INFORMATION 

Ratiometric Resistance Measurements 
The TSC7126A true differential input and differential refer
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer
ence voltage is needed. 

The unknown resistance is put in series with a known stan
dard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
following expression: 

Displayed Reading= A Unknown x 1000 
R Standard 

The display will overrange for R Unknown 2:2 x R Standard. 

vReF v+ 

RsTANDARD 
\/REF 

VtN ..,.,. 

RuNKNOWN TSC7126A 

6---..--1 VjN 
ANALOG 
COMMON 

LCD DISPLAY 

1983 

Figure 10: Low Parts Count Ratiometric Resistance 
Measurement 

..,.,. TSC7126A 

35 VREF 

1-4 ___ __..___.~32=i~s~~i~ 

31 vtN 

L_ _ _._ _ __,,30'-IVfN 

26 v-

3 1/2 Digit True RMS AC DMM 

1N4148 
SENSOR 

aoo kn 300 kn 

50 kfl >-oR~1 ---1 VjN 

50 kfl ;...1----+------IV~EF 
R2 

'----+--~f>---~1>---IVffeF 

..,.,. 
TSC7126A 

VFs = 200 mV 

COMMON 

Figure 11: Temperature Sensor 

/527 
LCD DISPLAY 

160kn 

v+ v-

"' 1N914 VIN 
20k!l ..,.,. 

vfN TSC7126A 

0.7 %fC "2 
PTC vReF 
R3 20k0 

VfiEF 

COMMON 

Figure 12: Positive Temperature Coefficient Resistor· 
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TSC7126A 
9V 

y+ CONST ANT 5 V v' 
/~~~--+-~~~--~---t vReF 

.., .... 
TSC9495 

GND 

ADJ NC 

TEMPl-'3---------'-t 

I 
TEMPERATURE 
DEPENDANT 
OUTPUT 

Figure 13: Integrated Circuit Temperature Sensor 

Package Information 

(Package #17) 
40-Pin Plastic Dip (PL Package) 

~2.050(51.816)~ 

0.540 {13.716) 
NOM. 

-i I- .060 {1.542) TYP. t4~6i4) !ci0s2:s) 

~:t_~t £:::Ji .012• .001 

~ T1 ir ~<>VD -t- (Q,3()5 ± 0.025) 
- TVP. TYP. 

I- -II- -I h;1~~1 .125(3.111 ~o.••o::-1 
.070 .018 (0.457) MIN. (16.764) 

{1.778) ,020 (0.508) MAX. 
TYP. TYP. 

(Package #20) 
40-Pin CerDIP 

7-268 

VFS "'2.00 V 

so kn 

"' VREF 

31 vtN .., .... 
TSC7126A ! •oITT~ VfN 

1.86 V@ 
25°C so kn 

R1 COMMON 

v-
26 

60-Pin Flat Package 

PIN 1 INDICATION 
DIMPLE OR SUTTON 

"SQ" Package - Unformed Leads 
(Package #22) 

.050 ±·.006 

"BQ" Package - Formed Leads 
(Package #21) 

I 
.010MlN 



~f"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

4 1/2 DIGIT AID CONVERTER 
WITH ON-CHIP LCD DRIVERS 

Typical Operating Circuit 

FEATURES 
• Low Power Consumption: 500 µA at 9 V 
• ±19,999 Count Resolution 
• 10 µV Resolution on 200 mV Scale 
• True Differential Input and Reference 
• Direct LCD Display Driver for 

- 4 1/2 Digits 
- Decimal Points 
- Low Battery Indicator II 
- Continuity Indicator 

• Overrange and Underrange Outputs 
• 10:1 Range Select Input 
• High Common Mode Rejection Ratio: 110 dB 
• External Phase Compensation Not Required 

LOW BATTERY CONTINUITY 

-1.9.999 v· 

~~0 
Wrsc1129 kt~~ c::::J 

v' 

_;_ 9V 

* NOTE: RC Network Between Pins 26 and 28 is Not Required. See Page 5. 
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GENERAL DESCRIPTION 
The TSC7129 is a 4 1/2 digit analog-to-digital 

converter which directly drives a multiplexed liquid 
crystal display. Fabricated in high-performance, low
power CMOS, the TSC71.29 is designed specifically for 
high-resolution battery-powered digital multimeter 
applications. A complete analog measurement instru
ment requires only the TSC7129, a few passive compo
nents, a reference, an LCD display, and a battery. 
Power consumption is low: only 500 µA from a 9 volt 
battery. The traditional dual-slope method of A/D 
conversion has been enhanced with a successive 
integration technique to produce readings accurate to 
better than 0.005% of full-scale, and resolution down to 
10 µV per count. 

The TSC7129 includes features important to 
multimeter applications. It detects and indicates low
battery condition. A continuity output drives an annun
ciator on the display, and can be used with an external 
driver to sound an audible alarm. Over- and under
range outputs and a range-change input provide the 

Pin Configurations 

ANNUNICATOR DRIVE 3 I e1.c 1,coNT 

A1,G1,D1 

F1,E1,DP1 

82,Cz.LO BATT 

A:!·G2,D2 

F2,E2,DP2 

DISPLAY B3,C3.MINUS 

OUTPUT Aa,G3.D3 
LINES F3,E3,op3 12 

B4.C4,8Cs 13 

OSC2 

DP1 

OGND 

REF LO 

REF HI 

INT OUT 

INT IN 
v• 
v
IATCR7HOL D 

4 1/2 DIGIT AID CONVERTER 
WITH ON-CHIP LCD DRIVERS 

ability to create autoranging instruments. For snap
shot readings, the TSC7129 includes a latch-and-hold 
input to freeze the present reading. This combination 
of features makes the TSC7129 the ideal choice for 
full-featured multimeter and digital measurement 
applications. 

Ordering Information 

Part No. Pin Layout Package Temp. Range 

TSC7129CPL Normal 40-pin Plastic DIP o to 70°C 

TSC7129RCPL Reversed 40-pin Plastic DIP o to 70°C 

TSC7129CJL Normal 40-pin CerDI P o to 70°C 

TSC7129CKW Formed 44-pin Plastic Flat o to 70°C 

TSC7129CLW 44-pin PLCC o to 70°C 

TSC7129CBQ Formed 60-pin Plastic Flat o to 70°C 

TSC7129CY DICE o to 70°C 

""" TSC7129CLW 
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TSC7129 
Absolute Maximum Ratings 
Supply Voltage (V+ to v-) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 V Analog Input Pins 25, 29 30 ...................... v+ to v-
Reference Voltage (REF HI or REF LO) ............ v+ to v- Power Dissipation Plastic Package (Note 2) ....... 800 mW 
lnput Voltage (Note 1) (IN HI or IN LO) ............. v+ to v- Operating Temperature Range .............. 0°C to +70°C 
VrnsP ................................ V+ to DGND - 0.3 V Storage Temperature Range . . . . . . . . . . . . -65°C to +160°C 
Digital Input Pins 

1, 2, 19, 20, 21, 22, 27, 37, 39, 40 . . . . . . . . . . DGND to v+ 
Notes: 
1. Input voltages may exceed the supply voltages provided that input current is 

limited to ±400 µA. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ±1 mA. 

2. Dissipation ratings assume device is mounted with all leads soldered to 
printed circuit board. 

Lead Soldering Temperature (10 sec.) .............. 300°C 

Stresses above those listed under Absolute Maximum Ratings may cause per
manent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational sections of the specifications is not implied. Exposure to Abso
lute Maximum Rating Conditions for extended periods may effect device 
reliability. 

Electrical Characteristics: v+ to v- = 9 v, vREF = 1.00 v. TA= +25°C, fcLK = 120kHz, unless otherwise noted. 

TYPE 

I 
N 
p 
u 
T 

p 
0 
w 
E 
R 

D 
I 
G 
I 
T 
A 
L 

NO. SYMBOL PARAMETER 

2 

3 

4 

5 RE 

6 NL 

CMRR 

8 CMVR 

11 

12 VcoM 

13 

14 

15 DGND 

16 

17 15 

18 FcLK 

19 

20 

21 

22 

23 

24 

Zero Input Reading 

Zero Reading Drift 

Ratiometric Reading 

Range Change Accuracy 

Rollover Error 

Linearity Error 

Input Common-Mode 
Rejection Ratio 

Input Common-Mode 
Voltage Range 

Noise (p-p Value not 
Exceeding 95% of Time) 

Input Leakage Current 

Scale Factor Tempco 

COMMON Voltage 

COMMON Sink Current 
COMMON Source Current 

DGND Voltage 

Sink Current 

Supply Voltage Range 

Supply Current Excluding 
COMMON Current 

Clock Frequency 

VrnsP Resistance 

Low Battery Flag 
Activation Voltage 

CONTINUITY Comparator 
Threshold Voltages 

Pull-Down Current 

"Weak Output" Current 
Sink/Source 

Pin 22 Source Current 
Pin 22 Sink Current 

TEST 
CONDITIONS 

VIN= OV 
200 mV Scale 

V1N = OV 
0°c <TA< +70°c 

VIN= VREF = 1000 mV 
RANGE= 2 V 

V1N = 0.10000 Von Low 
Range 7 V1N = 1.0000 V 
on High Range 

-v,N = +V,N = 199 mV 

200 mV Scale 

VcM = 1.0 V, Vin= 0 V 
200 mV Scale 

VIN= 0 V 
200 mV Scale 

VIN= 0 V 
200 mV Scale 

v,N = 0 V, Pin 32, 33 

v,N = 199 mv 
0°c <TA< +10°c 
External VREF = 0 ppm/°C 

V' to Pin 28 

.ti.Common = +0.1 V 

.ti.Common = -0.1 V 

V' to Pin 36 
V'toV-=9V 

.t.DGND = +0.5 V 

Vo1sP to V' 

V'to v-

V0 ur Pin 27 =HI 
Vour Pin 27 =LO 

Pins 37, 38, 39 

Pin 20, 21 Sink/Source 
Pin 27 Sink/Source 
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MIN TYP 

-0000 0000 

±0.5 

9997 9999 

0.9999 1.0000 

2.8 

4.5 

6 

6.3 

100 

1.0 

1.0 

110 

(V-) +1.5 
(V') -1.0 

14 

2 

3.2 

0.6 
10 

5.3 

1.2 

9 

0.5 

120 

50 

7.2 

200 
200 

2 

3/3 
3/9 

40 
3 

MAX 

+0000 

10000 

1.0001 

2.0 

10 

7 

3.5 

5.8 

12 

1.0 

360 

7.7 

400 

10 

UNIT 

Counts 

µV1°c 

Counts 

Ratio 

Counts 

Counts 

dB 

v 

µV 

pA 

ppm1°c 

v 
mA 
µA 

v 

mA 

v 

mA 

kHz 

kO 

v 

mV 

µA 

µA 

µA 
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TSC7129 
Pin Descriptions 

PIN NAME 

1 OSC1 

2 OSC3 

3 ANNUNCIATOR 
DRIVE 

4 B1, C1. CONT 

5 A1,G1.D1 

7 B2, C2. LO BA TT 

8 A2, G2, D2 

9 F2, E2, DP2 

10 B3, C3, MINUS 

11 A3, Ga. D3 

12 Fa. Ea. DPa 

13 B4, C4, BCs 

14 A4, D4, G4 

15 F4, E4, DP4 

16 BP3 

17 BP2 

18 BP1 

19 Vo1sP 

20 DP4/0R 

21 DP3/UR 

22 LATCH/HOLD 

23 v-
24 v• 
25 INTIN 

26 INT OUT 

27 CONTINUITY 

28 COMMON 

29 CREF+ 

30 CREF-

31 BUFFER 

32 IN LO 

33 IN HI 

34 REF HI 

35 REF LO 

36 DGND 

37 RANGE 

38 DP2 

39 DP1 

40 OSC2 

FUNCTION 

Input to first clock inverter. 

Output of second clock inverter. 

4 1/2 DIGIT AID CONVERTER 
WITH ON-CHIP LCD DRIVERS 

Backplane squarewave output for driving annunciators. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Output to display segments. 

Backplane #3 output to display. 

Backplane #2 output to display. 

Backplane #1 output to display. 

Negative rail for display drivers. 

INPUT: When HI, turns on most significant decimal point. 
OUTPUT: Pulled HI when result count exceeds ±19,999. 

INPUT: Second most significant decimal point on when HI. 
OUTPUT: Pulled HI when result count is less than ±1,000. 

INPUT: When floating, AID converter operates in the free-run mode. When pulled HI, the last 
displayed reading is held. When pulled LO, the result counter contents are shown incrementing 
during the de-integrate phase of cycle. 
OUTPUT: Negative going edge occurs when the data latches are updated. Can be used for 
converter status signal. 

Negative power supply terminal. 

Positive power supply terminal, and positive rail for display drivers. 

Input to integrator amplifier. 

Output of integrator amplifier. 

INPUT: When LO, continuity flag on the display is off. When HI, continuity flag is on. 
OUTPUT: HI when voltage between inputs is less than +200 mV. LO when voltage betwen inputs 
is more than +200 mV. 

Sets common-mode voltage of 3.2 V below v• for DE, 10X, etc. Can be used as pre-regulator 
for external reference. 

Positive side of external reference capacitor. 

Negative side of external reference capacitor. 

Output of buffer amplifier. 

Negative input voltage terminal. 

Positive input voltage terminal. 

Positive reference voltage input terminal. 

Negative reference voltage input terminal. 

Ground reference for digital section. 

3 µA pull-down for 200 mV scale. Pulled HIGH externally for 2 V scale. 

Internal 3 µA pull-down. When HI, decimal point 2 will be on. 

Internal 3 µA pull-down. When HI, decimal point 1 will be on. 

Output of first clock inverter. Input of second clock inverter. 
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Component Selection 
The TSC7129 is designed to be the heart. of a high-resolution 
analog measurement instrument. The only required additional 
components are a few passive elements, a voltage reference, 
an LCD display, and a power source. Most component values 
are not critical; substitutes can be chosen based on the infor
mation given below. 

The basic circuit for a digital multimeter application is shown in 
Figure 3. See "Special Applications" below for variations. 
Typical values for each component are shown. The sections 
below give component selection criteria. 

Oscillator (Xosc. Co1. Co2. Ro) 
The primary criterion for selecting the crystal oscillator is to 
choose a frequency that achieves maximum rejection of line
frequency noise. To achieve this, the integration phase should 
last an integral number of line cycles. The integration phase of 
the TSC7129 is 10,000 clock cycles on the 200 mV range, and 
1,000 clock cycles on the 2 V range. One clock cycle is equal to 
2 oscillator cycles. For 60 Hz rejection, the oscillator frequency 
should be chosen so that the period of one line cycle equals the 
integration time for the 2 V range: 

1 /60 second= 16.7 ms= 
1000 clock cycles * 2 osc cycles/ clock cycle 

oscillator frequency 

TSC7129 

giving an oscillator frequency of 120 kHz. A similar calculation 
gives an optimum frequency of 100 kHz for 50 Hz rejection. 

The resistor and capacitor values are not critical; those shown 
work for most applications. In some situations, the capacitor 
values may have to be adjusted to compensate for parasitic 
capacitance in the circuit. The capacitors can be low-cost 
ceramic devices. 

Some applications can use a simple RC network instead of a 
crystal oscillator. The RC oscillator has more potential for 
jitter, especially in the least significant digit. See below under 
"RC Oscillator." 

Integrating Resistor (R1Nrl 
The integrating resistor sets the charging current for the inte
grating capacitor. Choose a value that provides a current 
between 5 and 20 µA at 2 volts, the maximum full-scale input. 
The typical value chosen gives a charging current of 13.3 µA: 

lcHARGE = --2-V-,-- 13.3 µA 
150 kO 

Too high a value for RiNT increases the sensitivity to noise 
pickup and increases errors due to leakage current. Too low a 
value degrades the linearity of the integration, leading to inac
curate readings. 

LOW BATTERY CONTINUITY 

-1.99.99 

10 kn RBIAS 

9V 

Figure 3: Standard Circuit 
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TSC7129 
Integrating Capacitor (C1NTl 
The charge stored . on the integrating capacitor during the 
integrate phase is. directly proportional to the input voltage. 
The primary selection criterion for CiNT is to choose a value 
that gives the highest voltage swing while remaining within the 
hi!i.h-linearity portion of ttie integrator output range. An inte
grator swing of 2 V is the recommended value. The capacitor 
value can be calculated from the equation: 

C - T1NT * l1NT 
INT-----

Vsw1NG 

where TiNT is the integration time. Using the values derived 
above (assuming 60 Hz operation), the equation becomes 

C _ 16.7ms*13.3µA 
INT- 2 V =0.1µF 

The capacitor should have low dielectric absorption to insure 
good integration linearity. Polypropylene and Teflon'" capaci
tors are usually suitable. A good measurement of the dielectric 
absorption is to connect the reference capacitor across the 
inputs by connecting: 

PIN to PIN 
20-33 
30-32 

(CReF+ to IN HI) 
(CReF- to IN LO) 

A reading between 10000 and 9998 is acceptable; anything 
lower indicates unacceptable high dielectric absorption. 

Reference Capacitor (CREFl 
The ref~rence capacitor stores the reference voltage during 
several phases of the measurement cycle. Low leakage is the 
primary selection criterion for this component. The value must 
be high enough to offset the effect of stray capacitance at the 
capacitor terminals. A value of at least 1.0 µF is recommended. 

Voltage Reference (DREF· RREF· Re1As• cRFl 
A TSC04 band gap reference provides a high stability voltage 
reference of 1.25 Volts. The reference potentiometer RReF pro
vides an adjustment for adjusting the· reference voltage; any 
value above 20 kn is adequate. The bias resistor ReiAs limits 
the current through DREF to less than 150 µA. The reference 
filter capacitor CRF forms an RC filter with ReiAs to help elimi
nate noise. 

Input Filter (R1F· C1Fl 
For added stability, an RC input noise filter is usually included 
in the circuit. The input filter resistor value should not exceed 
100 kn. A typical RC time constant value is 16.7 ms to help 
reject line-frequency noise. The input filter capacitor should 
have low leakage for high impedance input 

Battery 
The typical circuit uses a 9 volt battery as a power source. Any 
value between 6 and 12 volts can be used. For operation from 
batteries with voltages lower than 6 volts and for opera
tion from power supplies, see below under "Powering the 
TSC7129." 

4 1/2 DIGIT AID CONVERTER 
WITH ON-CHIP LCD DRIVERS 

Special Applications 

The TSC7129 as a Replacement Part 
The TSC7129 is a direct pin-for-pin replacement part for the 
lntersil ICL7129. Note, however, that the lntersil part requires a 
capacitor and resistor between Pins 26 and 28 for phase com
pensation. Since the TSC71. 29 uses internal phase compensa
tion, these parts are not required and in fact must be removed 
from the circuit for stable operation. 

Powering the TSC7129 
While the most common power source for the TSC7129 is a 9 
volt battery, there are other possibilities. Some of the more 
common ones are explained below. 

+5 v 

..,~ 
TSC04 

~ IN Hl1"33"---oo---M./\,---0 
TSC7129 VIN 

y- IN LOJ.:!32~_.-----0 
rF 

0.1 µ.F 

36 DGNO 

23 

-5V 

Figure 4: Powering the TSC7129 from a ±5 Volt Power 
Supply 

+ 3.8Vto6V 

~ 
TSC04 

36 DGND 

10µF 

REF LO 3S 

..,~ COM 28 

TSC71~9 IN HI i.:33:::._.j_ _ ___..,.,.__,, 

1N toi.:3:...2 __.._._ __ -<>v,N 
v-

23 

Figure 5: Powering the TSC7129 from a Low-Voltage 
Battery 
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±5 Volt Power Supply 
Measurements are made with respect to power supply ground. 
DGND (Pin 36) is set internally to about 5 V less than v• (Pin 24); 
it is not intended as a power supply input and must not be tied 
directly to power supply ground. (It can be used as a reference 
for external logic, as explained in "Connecting to External 
Logic" below). See Figure 4. 

Low-Voltage Battery Source 
A battery with voltage between 3.8 V and 6 V can be used to 
power the TSC7129 when used with a voltage doubler circuit 
such as the one shown in Figure 5. The voltage doubler uses 
the TSC7660 DC to DC voltage converter and two external 
capacitors. 

+5 v 

.., .... 
TSC04 

Figure 6: Powering the TSC7129 from a +5 V Power 
Supply 

+5 Volt Power Supply 
Measurements are made with respect to power supply ground. 
COMMON (Pin 28) is connected to REF LO (Pin 35). A voltage 
doubler is needed since the supply voltage is less than the 6 v 
minimum needed by the TSC7129. DGND (Pin 36) must be 
isolated from power supply ground. See Figure 6. 

Connecting to External Logic 
External logic can be directly referenced to DGND (Pin 36) 
provided the supply current of the external logic does not 
exceed the sink current of DGND (Figure 7). A safe value for 
DGND sink current is 1.2 mA. If the sink current is expected to 
exceed this value, a buffer is recommended. See Figure 8. 

EXTERNAL 
LOGIC 

v+ 

24 

.., .... 
TSC7129 

36 
~------tDGND 

23 

Figure 7: External Logic Referenced Directly to DGND 

EXTERNAL 
LOGIC 

v+ 

24 

.., .... 
TSC7129 

23 

Figure B: External Logic Referenced to DGND with 
Buffer 

Temperature Compensation 
For most applications, V01sp (Pin 19) can be connected directly 
to DGND (Pin 36). For applications with a wide temperature 
range, some LCD displays require that the drive levels vary with 
temperature to maintain good viewing angle and display con
trast. Figure 9 shows two circuits that can be adjusted to give a 
temperature compensation of about 1 O mV I °C between v• 
(Pin 24) and V01sP· The diode between DGND and V01sp should 
have a low turn-on voltage because VoisP cannot exceed .3 V 
below DGND. 
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v• 

1N4148 
39 k 

24 
200 k 

"'"' TSC7129 

75 k 

23 

Figure 9: Temperature Compensating Circuits 

RC Oscillator 
For applications in which 3 1 /2 digit (100 µV) resolution is 
sufficient, an RC oscillator is adequate. A recommended value 
for the capacitor is 51 pF. Other values can be used as long as 
they are sufficiently larger than the circuit parasitic capacit
ance. The resistor value is calculated from 

R=~ 
freq* C 

For 120 kHz frequency and C = 51 pF, the calculated value of R 
is 75 kO. The RC oscillator and the crystal oscillator circuits 
are shown in Figure 10. 

I 
I 
I 
I 
I 
L-- ------- -------, 40 

210 kn 

5 pF 120 kHz 10 pF 

v' o--j ,___._ _ __.01----<>---ij----o v+ 

I 
I 
I 
I 
I 
l...-- -------, 40 

75 k 

Figure 10: Oscillator Circuits 

51 pF 

I 
I 
I ..,.,.. : 

TSC7129 I ____ ..J 

2 
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v• 

39 k 

24 

20 k 

"'"' TSC7129 

18 k 

23 

v-

Measuring Techniques 
Two important techniques are used in the TSC7129: succes
sive integration and digital auto-zeroing. Succesive integra
tion is a refinement to the traditional dual slope conversion 
technique. 

Dual Slope Conversion 
A dual slope conversion has two basic phases: integrate and 
de-integrate. During the integrate phase, the input signal is 
integrated for a fixed period of time; the integrated voltage level 
is thus proportional to the input voltage. During the deintegrate 
phase, the integrated voltage is ramped down at a fixed slope, 
and a counter counts the clock cycles until the integrator 
voltage crosses zero. The count is a measurement of the time 
to ramp the integrated voltage to zero, and is therefore propor
tional to the input voltage being measured. This count can then 
be scaled and displayed as a measurement of the input vol
tage. Figure 11 shows the phases of the dual slope conversion. 

I 
I I 
I I 

INTEGRATE --.r----OEINTEGRATE~I 

TIME_. 

Figure 11: Dual Slope Conversion 
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I I 
I I 

~INTEGRATE ~r.- DEtNTEGRATE ->: 
' I 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure 12: Accuracy Errors in Dual Slope Conversion 

The dual slope method has a fundamental limitation: The count 
can only stop on a clock cycle, so that the measurement 
accuracy is limited to the clock frequency. In addition, a delay 
in the zero-crossing comparator can add to the inaccuracy. 
Figure 12 shows these errors in an actual measurement. 

Successive Integration 
The successive integration technique picks up where dual 
slope conversion ends. The overshoot voltage shown in Figure 
12, called the "integrator residue voltage," is measured to 
obtain a correction to the initial count. Figure 13 shows the 
cycles in a successive integration measurement. 

The waveform shown is for a negative input signal. The 
sequence of events during the measurement cycle is: 

Phase 

INT1 

DE1 

REST 

X10 

DE2 

REST 

X10 

DE3 

Description 
Input signal is integrated for fixed time. (1000 
clock cycles on 2 V scale, 10000 on 200 mV) 

Integrator voltage is ramped to zero. Counter 
counts up until zero crossing to produce 
reading accurate to 3 1 /2 digits. 
Residue represents an overshoot of the actual 
input voltage. 

Rest; circuit settles. 

Residue voltage is amplified 10 times and 
inverted. 

Integrator voltage is ramped to zero. Counter 
counts down until zero crossing to correct 
reading to 4 1 /2 digits. 
Residue represents an undershoot of the 
actual input voltage. 

Rest; circuit settles. 

Residue voltage is amplified 10 times and 
inverted. 

Integrator voltage is ramped to zero. Counter 
counts up until zero crossing to correct 
reading to 5 1 /2 digits. 
Residue is discarded. 

I I I I 
CLOCK PULSES 

OVERSHOOT DUE TO ZERO 
CROSSING BETWEEN CLOCK PULSES 

INTEGRATOR RESIDUE VOLTAGE 

OVERSHOOT CAUSED BY 
COMPARATOR DELAY OF 
1 CLOCK PULSE 

Figure 13: Integrator Waveform 

Digital Auto-Zeroing 
To eliminate the effect of errors caused by amplifier offsets, the 
TSC7129 uses a digital auto-zeroing technique. After the input 
voltage is measured as described above, the measurement is 
repeated with the inputs shorted internally. The reading with 
inputs shorted is a measurement of the internal errors and is 
subtracted from the previous reading to obtain a corrected 
measurement. Digital auto-zeroing eliminates the need for an 
external auto-zeroing capacitor used in other A-to-D 
converters. 

Inside the TSC7129 
Figure 14 shows a simplified block diagram of the TSC7129. 

Integrator Section 
The integrator section includes the integrator, comparator, 
input buffer amplifier, and the analog switches used to change 
the circuit configuration during the separate measurement 
phases described earlier. 
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I/H 

CONTt-----<>---l 

COMMON 

Figure 14: TSC7129 Functional Diagram 

REF HI REF LO 

4 1/2 DIGIT AID CONVERTER 
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LOW BATTERY CONTINUITY 

-1.9999 

ANALOG SECTION 

IN IN 
HI LO 

Z1,X10 

ANNUNCIATOR 
DRIVE 

-- -- -1 

I 
I 
I 
I 
I 
I 
I 

LJOP1 
~---•1 DP2 

I 
~------.UR/DP3 

~-------.OR/DP4 

1---------.. REF HI 

1---------.. REF LO 
I 
I 
1 tNT OUT 

I 
--- -- __ _J 

BUFF 

,. ... 
TSC7129 

200 mV 
TO 
DISPLAY 

CONTINUITV0-------------4-------------~ DRIVER 

Figure 15: Integrator Block Diagram 
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Table X. Switch Legends 

Label Meaning 

DE 

DE-

DE+ 

INT1 

INT2 

INT 

REST 

ZI 

X10 

X10 

Open during all deintegrate phases. 

Closed during all deintegrate phases when 
input voltage is negative. 

Closed during all deintegrate phases when 
input voltage is positive. 

Closed during the first integrate phase 
(measurement of the input voltage). 

Closed during the second integrate phase 
(measurement of the amplifier offset). 

Open during both integrate phases. 

Closed during the rest phase. 

Closed during the zero-integrate phase. 

Closed during the X10 phase. 

Open during the X10 phase. 

The buffer amplifier has a common mode input voltage range 
from 1.5 V above v- to 0.5 V below v•. The integrator amplifier 
can swing to within 0.3 Vof the rails, although for best linearity 
the swing is usually limited to within 1 V. Both amplifiers can 
supply up to 80 µA of output current but should be limited to 20 
µA for good linearity. 

Figure 16: Continuity Indicator Circuit 

Continuity Indicator 
A comparator with a 200 mV threshold is connected between 
INPUT HI and INPUT LO pins. Whenever the voltage between 
the inputs is less than 200 mV, the CONTINUITY output (Pin 27) 
will be pulled high, activating the continuity annunciator on the 
display. The CONTINUITY pin can also be used as an input to 
drive the continuity annunciator directly from an external 
source. A schematic of the input/output nature of this pin is 
shown in Figure 17. 
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r--------------
..,f" 

~soo kn 

DP3/UR PIN 21 o---e---J 
DP4/0R PIN 20 } 

LATCH/HOLD PIN 22 
CONTINUITY PIN 27 

Figure 17: Input/Output Pin Schematic 

Common and Digital Ground 
The COMMON and DGND outputs are generated from internal 
zener diodes. The voltage between v• and DGND is the internal 
supply voltage for the digital section of the TSC7129. COM
MON can source approximately 12 µA; DGND has essentially 
no source capability. 

Figure 18: Digital Ground (DGND) and COMMON 
Outputs 

Low Battery 
The low battery annunciator turns on when the supply voltage 
between v• and v- drops below 6.8 V. The internal zener has a 
threshold of 6.3 V. When the supply voltage drops below 6.8 V, 
the transistor tied to v- turns off, pulling the "Low Battery" 
point high (Figure 18). 

Sequence and Results Counter 
A sequence counter and associated control logic provide the 
signals that operate the analog switches in the integrator sec
tion. The comparator output from the integrator gates the 
results counter. The results counter is a six-section up/down 
decade counter which holds the intermediate results from 
each successive integration. 
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Overrange and Underrange Outputs 
When the results counter hold.s a value greater than ±19,999, 
the DP4/0R output (Pin 20) is driven high. When the results 
counter value is less than ±1000, the DP3/UR output (Pin 21) 
is driven high. Both signals are valid on the falling edge of 
LATCH/HOLD and do not change until the end of the next 
conversion cycle. The signals are updated at the end of each 
conversion unless the LATCH/HOLD input (Pin 22) is held 
high. Pins 20 and 21 can also be used as inputs for external 
control of decimal points 3 and 4. Figure 17 shows a schematic 
of the input/output nature of these pins. 

Latch/Hold 
The LATCH I HOLD output (Pin 22) goes low during the last 100 
cycles of each. conversion. This pulse latches the conversion 
data into the display driver section of the. TSC7129. This pin 
can also be used as an input. When driven high, the display will 
not be updated; the previous reading is displayed. When driven 
low, the display reading is not latched; the sequence counter 
reading will be displayed. Since the counter is counting much 
faster than the backplanes are being updated, the reading 
shown in this mode is somewhat erratic. 

Display Driver 
The TSC.7129 drives a triplexed liquid crystal display with three 
backplanes. The LCD display can include decimal points, 
polarity sign, and annunciators for continuity and low battery. 
Figure 19 shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane drive fre
quency is obtained by dividing the oscillator frequency by 
1200. This results in a backplane drive frequency of 100 Hz for 
60 Hz operation (120 kHz crystal) and 83.3 Hz for 50 Hz opera
tion (100 kHz crystal). 

Backplane waveforms are shown in Figure 20. These appear 
on outputs BP1, BP2, BP3 (Pins 16, 17, 18). They remain the 
same regardless of the segments being driven. 

4 1/2 DIGIT AID CONVERTER 
WITH ON-CHIP LCD DRIVERS 

Other display output lines (Pins 4 through 15) have waveforms 
that vary depending on the displayed values. Figure 21 shows a 
set of waveforms for the AGD outputs (Pins 5, 8, 11; 14) for 
several combinations of "on" segments. 

The ANNUNCIATOR DRIVE output (Pin 3) is a square-wave 
running at the backplane frequency (100 or 83.3 Hz) with a 
peak-to-peak voltage equal to DGND voltage. Connecting an 
annunciator to Pin 3 turns it on; connecting it to its backplane 
turns it off. 

BP1 _j =--cJ '----a_ 

Figure 20: Backplane Waveforms 

_____________ Voo 

b SEGML~~~ 3 r ~ 
ALL OFF - • VL 

- - - - - - - - - - - - -vDISP 

a SEGMENT ===;:..=..::r:i====== ~~D 
ON ...-

d, g OFF u __ _:-_ _:----~~L 
DISP 

a, gON -:_:_-=_-=_-_~::_-_~~o 
dOFFr=.] ___ ~----~ t: 

____ Yoo 

ALL ON =1------ -f------~ ~ -=r-----. -----~ ~~ISP 

Figure 21: Typical Display Output Waveforms 

a BP1 

BACKPLANE 
a BP2 CONNECTIONS 

,------------, LOW BATTER7 CONTINUITY 

F4, E4, DP4 

A4, G4· D4---~ 

64. C4. BCs ----~ 

F3, E3. DP3-----~ 
A3, G3, DJ-------~ 

s3, c3. MINUS--------~ 

Figure 19: Display Segment Assignments 

~::::r·-'" 
~-----62. C2, LOW BATTERY 

~------A2, G2, D2 

~--------F2,E2,0P2 
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~f"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

Typical 4 1/2 Digit DVM with LCD Display 

6.SkH 

.., ... TSC04 

02 19 

.., ... DJ 
18 

05 TSC7135 04 17 

BB 16 

82 84 
15 

FEATURES 
• Low Rollover Error . . . . . . . ±1 Count Maximum 
• Guaranteed ±1 Count Maximum Error 
• Guaranteed Zero Reading for O V Input 
• True Polarity Indication at Zero for Null Detection 
• Multiplexed BCD Data Output 
• TTL Compatible Outputs 
• Differential Input 
• Control Signals Permit Interface to UARTS and 

µ-Processors 
• Auto-ranging Supported with Over and Underrange 

Signals 
• Blinking Display Visually Indicates Overrange 

Condition 
• Low Input Current . . . . . . . . . . . . . . . . . . . . . . 1 pA 
• Low Zero Reading Drift . . . . . . . . . . . . . . . 2 µV/°C 
• Interface to TSC7211A, TSC7212A, and TSC700A 

Display Drivers 
• Available in Compact Flat Package and PLCC 
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TSC7135 
GENERAL DESCRIPTION 

The TSC7135 4 1/2 digit analog converter 
offers 50 ppm (1 part in 20,000) resolution with a 
maximum linearity error of 1 count. An auto-zero cycle 
reduces the zero error to below 10 µV and zero drift to 
0.5 µV/°C. Source impedance error sources are mini
mized by a 10 pA maximum input current. Rollover 
error is li!Tlited to ±1 count. . . . . 

By combining the TSC7135 with a TSC7211A 
(LCD), TSC7212A (LED) or TSC700A (High LED 
Segment Current) driver a 4 1/2 digit display DVM or 
DPM can be constructed. Overrange and underrange 
signals support automatic range switching and special 
display blanking/flashing application!). 

Microprocessor based measurement systems 
are supported by the TSC7135 Busy, Strobe and 
.Run/HOLD control signals. Remote data acquisition 
systems with data transfer via UARTs are also possible. 
The additional control pins and multiplexed BCD 
outputs make the TSC7135 the ideal converter for 
display or µ-processor based measurement systems. 

Ordering Information 

Temperature 
Part No. Package Range 

TSC7135CJI 28-Pin CerDIP 0°c to +10°c 
TSC7135CPI 28-Pin Plastic o•c to +10°c 

60-Pin Plastic 
TSC7135CBQ Flat Package w/ 0°c to +10°c 

Formed Leads 

TSC7135CLI 28-Pin PLCC 0°c to +10°c 

4 1/2 DIGIT PRECISION 
ANALOG-TO .. OIGITAL CONVERTER 

Pin Configuration 

SEE PAGE 5 FOR COMPACT FLAT PACKAGE 

~ ~ a ! ; I ; ~ ; 8 ~ ~ ~ ~ ~ 

NC 

NC +INPUT 

M NC 

01 -INPUT 

SUB 

POL 

DIGGND 

RUN!HOtD 

NC 

NC 

NOTES: 
1. NC = NO INTERNAL CONNECTION 

NC 

REF CAP+ 

2. PINS&, 23, 38 ANO 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS IS APPROXIMATEL V v+. NO EJ(TERNAL C_ONNECTIONS SHOULD BE MADE. 
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TSC7135 
Absolute Maximum Ratings (Note 1) 

Positive Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . +6 V Operating Temperature Range ............ 0°C to +70°C 
Negative Supply voltage ................. .;. ..... _ .... -9 V 
Analog Input Voltage (Pin 9 or 10) ..... V to V (~ote 22 
Reference Input Voltage (Pin 2) ................ V to V + 
Clock Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . 0 V to V 

Storage Temperature Range .......... -65°C to +160°C 
Soldering Lead Temperature (10 Seconds) ....... 300° C 
CerDIP(J) Package Power Dissipation .............. 1 W 
Plastic(P) Package Power Dissipation ............. 0.8 W 

Electrical Specifications: TA= 25°c. fcLocK = 120 kHz, v+ = 5.o v. v- = -5 v 

TYPE NO. SYMBOL 

A 
N 
A 
L 
0 
G 

s 
E 
c 
T 
I 
0 
N 

OS 
IE 
GC 
IT 
Tl 
AO 
LN 

Notes: 

2 TCz 

3 TCFs 

4 NL 

5 DNL 

6 

7 ±FSE 

8 fiN 

10 INL 

11 INH 

12 VOL 

13 VoH 

14 VoH 

15 fcLK 

16 

17 v 
18 

19 

20 Pd 

1. Functional operation is not implied. 

PARAMETER 

Display Reading with 
Zero Volt Input 

Zero Reading 
Temperature Coefficient 

Full Scale 
Temperature Coefficient 

Nonlinearity Error 

Differential 
Linearity Error 

Display Reading In 
Ratiometric Operation 

± Full Scale Symmetry 
Error (Rollover Error) 

Input Leakage Current 

Noise 

Input Low Current 

Input High Current 

Output Low Voltage 

Output High Voltage 
(B1, B2, B4, Ba, D1 - D5) 

Output High Voltage 

TEST 
CONDITIONS 

Note 3,4 

V1N = 0 V 
Note 5 

V1N = 2 V 
Notes 5,6 

Note 7 

Note 7 

V1N = VREF 
Note 3 

-V1N = +V1N 
Note 8 

Note 4 

Peak-to-Peak 
Value not exceed 
95% of time 

V1N = 0 V 

V1N = +5 V 

loL = 1.6 mA 

loH = 1 mA 

(Busy, Polarity, Overrange, loH = 10 µA 
Underrange, Strobe) 

Clock Frequency Note 11 

Positive Supply Voltage 

Negative Supply Voltage 

Positive Supply Current fCLK = 0 Hz 

Negative Supply Current fcLK = 0 Hz 

Power Dissipation fcLK = 0 Hz 

MIN 

-0.0000 

+0.9998 

2.4 

4.9 

0 

4 

-3 

TSC7135 
TYP 

±0.0000 

0.5 

0.5 

0.01 

+0.9999 

0.5 

15 

10 

0.08 

0.20 

4.4 

4.99 

100 

5 

-5 

1.0 

0.7 

8.5 

MAX UNIT 

+o.oooo Display 
Reading 

2 µV/°C 

5 ppm/°C 

count 

LSB 

+1.0000 Display 
Reading 

count 

10 pA 

µVp-p 

100 µA 

10 µA 

0.40 v 

5.0 v 

5.0 v 

1200 kHz 

6 v 
-8 v 

3.0 mA 

3.0 mA 

30 mW 

7. -2 V :5 V1N :5 +2 V. Error of reading from best fit straight line. 
8. IV1NI = 1.9959. 

2. Limit input current to under 100 µA if input voltages exceed supply voltage. 9. Test Circuit shown in Figure 1. 
3. Full Scale Voltage= 2.000 V. 

4. V1N = 0.0000 V. 

5. 0°C,; TA,; +70°C. 

6. External Reference Temperature Coefficient less than 0.01 ppml°C. 

10. Static Sensitive Device. Unused devices must be stored in conductive 
material to protect devices form static discharge and static fields. 

11. Specification related to clock frequency range over which the TSC7135 
correctly performs its various functions. Increased errors result at higher 
operating frequencies. 
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TSC7135 
Test Circuits 

SET VREF • 1.000 V 7-5 v 
VREF IN 

v- UNDERRANGE 
28 

100 kn 
REF OVERRANGE 

27 

ANALOG GND STR5BE 26 

ANALOG 
GNO 

INT OUT RUN/ROI]) 
25 

A-ZIN DIGITAL GND 
24 

BUF OUT POLARITY 
23 

REF CAP 1 CLOCK IN 
22 

REF CAP 2 BUSY 
21 

-INPUT ~ .... LSD 01 
20 

TSC7135 19 
+INPUT 02 

+5V 
11 

v+ 03 
18 

12 
MSDD5 04 

17 

13 
LSBB1 MSBBS 

16 

14 
62 64 

15 

Figure 1: TSC7135 Test Circuit 

V+ 

Figure 2: TSC7135 Digital Logic Input 

REFERENCE 
INPUT 

-INPUT 

sw, 

e SWITCH CLOSED 

0 SWITCH OPEN 

-=-
CLOCK 
INPUT 
120 kH~ 

4 1/2 DIGIT PRECISION 
ANALOG-TO•DIGITAL CONVERTER 

sw, 

sw, 

-INPUT 

ANALOG INPUT 
BUFFER 

e SWITCH C~OSED 

0 SWITCH OPEN 

Figure 38: TSC7135 System Zero Phase 

sw, 

REFERENCE 

sw, 

ANALOG INPUT 
SUFFER 

e SWITCH CLOSED 

0 SWITCH OPEN 

Figure 3C: TSC7135 Input Signal Integration Phase 

+INPUT 

REFERENCE 
INPUT 

sw, 

sw, 

* SWRI_ would be Qlosed f~r a 
negat1'fflpolarityanalogmput 
~ignal 

e SWITCH CLOSED 

0 SWITCH OPEN 

Figure 3D: Reference Voltage Integration Cycle 

sw, 

sw, 
• SWITCH CLOSED 

0 SWITCH OPEN 

Figure 3A: TSC7135 Analog Circuit Function Diagram Figure 3E: TSC7135 Integrator Output Zero Phase 
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General Theory of Operation 
Dual Slope Conversion Principles 
The TSC7135 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7135 opera
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed time 
period. Time is measured by counting clock pulses. An op
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer
ence integration time is directly proportional to the input 
signal. 

In a simple dual slope converter a complete conversion re
quires the integrator output to "ramp-up" and "ramp-down." 

ANALOG 
INPUT 0----0 
SIGNAL 

REF 
VOLTAGE 

DISPLAY 

'--4---- VIN"" VFULLSCALE 

'""f----''<----- VIN"" 112 VFULLSCALE 

Figure 3: Basic Dual Slope Converter 

Table 1: Internal Analog Gate Status 

TSC7135 
A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

Ts1 

- 1- fv1N(t) dt 
RC ) 0 " 

where: 

VR = Reference Voltage 

VR TRI 

RC 

Ts1 =Signal Integration Time (Fixed) 

TRI= Reference Voltage Integration Time (Variable) 

For a constant V1N: 

V1N = VR --[
TRI ] 
Ts1 

The dual slope converter accuracy is unrelated to the inte
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high noise environments. 

TSC7135 Operation Theory 
The TSC7135 incorporates a system zero and integrator out
put voltage zero phase to the normal two phase dual slope 
measurement cycle. Reduced system errors, fewer calibration 
steps and a shorter overrange recovery time result. 

The TSC7135 measurement cycle contains four phases: 

• System Zero 
• Analog Input Signal Integration 
• Reference Voltage Integration 
• Integrator Output Zero 

Internal analog gate status is shown in Table 1 for each phase. 

Conversion 
Cycle Phase 

Internal Analog Gate Status Reference 
Schematic 

System 
Zero 

Input Signal 
Integration 

Reference 
Voltage 
Integration 

Integrator 
Output 
Zero 

SW~1 

Closed 

Closed• 

SWRi SWz SWR 

Closed Closed 

Note: *Assumes a positive polarity input signal. SWR1 would be closed for a negative input signal. 
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Closed 3A 

3B 

Closed 3C 

Closed Closed 30 
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TSC7135 
System Zero Phase (Figure 3B) 

During this phase errors due to buffer, integrator and com
parator offset voltages are compensated for by charging CAZ. 
(auto-z~ro capacitor) with a compensating error voltage. With 
a zero input voltage the integrator output will remain at zero. 

The external input signal is disconnected from the internal 
circuitry by opening the two SW1 switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWR. A feedback loop, closed around the integrator and 
comparator, charges the CAZ. capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 

Analog Input Signal Integration Phase 
(Figure 3C) 

The TSC7135 integrates the differential voltage between the 
+ Input and - Input. The differential voltage must be within 
the device common-mode range; -1 V from either supply rail 
typically. 

The input signal polarity is determined at the end of this 
phase. 

Reference Voltage Integration (Figure 3D) 

The previously charged reference capac.itor is. connected 
with the proper polarity to ramp the integrator output back to 
zero. The digital reading displayed is: 

Reading = 10.,000 .[ Differential Input ] 
VREF 

Integrator Output Zero (Figure 3E) 

This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys
tem offset voltages are compensated for. This phase normally 
lasts 100 to 200 clock cycles. If an overrange condition exists 
the phase is extended to 6200 clock cycles. 

Analog Pin Functional Description 
Differential Inputs(+ Input (Pin 10) and -Input (Pin 9)) 

The TSC7135 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.5 V below the positive 
supply to 1.0 V above the negative supply. Within this com
mon-mode voltage range an 86 dB common-mode rejection 
ratio is typical. 

4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

The integrator output also follows the common-mode vol
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, for example, when a large posi
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these cri
tical applications the integrator swing can be reduced to less 
than the recommended 4 V full scale swing with some loss of 
accuracy. The integrator output can swing within 0.3 volts of 
either supply without loss of linearity. 

Analog Common (Pin 3) 

Analog COMMON is used as the -Input return during auto
zero and de-integrate. If -Input is different from analog 
COMMON, a common-mode voltage exists in the system. 
This signal is rejected by the excellent CMRR of the conver
ter. In most applications -Input will be set at a fixed known 
voltage (power supply common for instance). In this applica
tion, analog COMMON should be tied to the same point, thus 
removing the common-mode voltage from the converter. The 
reference voltage is referenced to analog COMMON. 

Reference Voltage (REF IN (Pin 2)) 

The REF IN reference voltage input must be a positive voltage 
with respect to analog COMMON. Two reference voltage cir
cuits are shown in Figure 4. 

V> V+ 

6.8krl 
V+ V+ 

6.8 VOLT .., .... ZENER 

REF IN TSC04 
1.2V 
REFERENCE .., .... .., .... 

TSC7135 TSC7135 

ANALOG !" COMMON 

ANALOG GROUND 

Figure 4: Using an External Reference 

The TSC7135 digital section is shown in Figure 5 .. Timing 
relationships are shown in Figure 6. 
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~===============~:--=-~~~~T~S~C7135 
Run/Hold Input (Pin 25) 

DIGITAL CLOCK OVER UNDER , STROBE BUSY 
GND IN RANGE RANGE 

Figure 5: TSC7135 Digital Section Function Diagram 

BUSY 

I 
SYSTEM I SIGNAL REFERENCE I 
ZERO INT. INTEGRATE 
10,001/ 10,000/ 20 001/ 
COUNTS COUNTS cciuNTS (MAX.I 

(FIXED) 

.....--- FULL MEASUREMENT CYCLE_____.. 
40,002 COUNTS 

~~~~RARP~~l~~BLE .,U ..... ,......_ __ _. 
EXPANDED SCALE 

BELOW 

DIGIT SCAN rL____SL___f"L_ 05 

__fl__IL__J1_ 04 

____jL_____J'1_ 03 

__J"l____J1____ 02 
____J'1____f1_ 01 

1
1001 I *FIRST 05 OF SYSTEM ZERO 
COUNTS AND REFERENCE INTEGRATE 

ONE COUNT LONGER 

STROBE ...... ..-...,...-------------

\-_AUTO ZERO 
DIGIT SCAN I~- SIGNAL INTEGRATE 

FOR OVER RANGE n~o"'5-------,>;'--~ 

~·>-~~>----~ 

~·>-----!---~ 

Figure 6: Timing Diagrams for Outputs 

TSC7135 Digital Section Functional 
Description 
The major digital subsystems within the TSC7135 are illus
trated in Figure 5 with timing relationships shown in Figure 6. 
The multiplexed BCD output data can be displayed on LCD 
or LED displays with the TSC700A (LED), TSC7211A (LCD), 
or TSC7212A (LED) four digit display drivers. 

The digital section is best described through a discussion of 
the control signals and data outputs. 

When left open this pin assumes a logic 1 level. With R/R = 1 
the TSC7135 performs conversions continuously with a new 
measurement cycle beginning every 40,002 clock pulses. 

When R/R changes to a logic 0 the measurement cycle in 
progress will be completed and data held and displayed as 
long as the logic 0 condition exists. 

A positive pulse (>300 ns) at R/R will initiate a new measure
ment cycle. The measurement cycle in progress when AIR 
initially assumed the logic "O" state must be completed before 
the positive pulse can be recognized as a single conversion 
run command. 

The new measurement cycle begins with a 10,001 count 
auto-zero phase. At the end of this phase the busy signal 
goes high. 

Strobe Output (Pin 26) 

During the measurement cycle the S'fR5BE control line is 
pulsed low five times. The five low pulses occur in the center 
of the digit drive signals (01, 02, 03, Ds). (Figure 7) 

Ds (MSD) goes high for 201 counts when the measurement 
cycles end. In the center of the Os pulse, 101 clock pulses 
after the end of the measurement cycle, the first STROBE 
occurs for one-half clock pulse. After the Os digit strobe, 04 
goes high for 200 clock pulses. The STROBE goes low 100 
clock pulses after 04 goes high. This continues through the 
01 digit drive pulse. 

The digit drive signals will continue to permit display scan
ning. STROBE pulses are not repeated until a new measure
ment is completed. The digit drive signals will not continue if 
the previous signal resulted in an overrange condition. 

The active low STROBE pulses aid BCD data transfer to 
UARTs, processors and external latches. See Application 
Note AN16. 

TSC7135 
OUTf>UTSl,._ 

BUSY ~f-- END OF CONVERSION 

DS IMSDI D4 
DATA DATA 

D3 
DATA 

D2 01 ILSDJ D5 
DATA DATA DATA 

D3------~c:J~---------COUNTS 

02-----------'c::=JL------COUNTS 

-------------'~~------ COUNTS 
• Delay between BUSY gomg low and first STROBE 

pul!P •1 rh~pPnrl"nt nn ~n~ln'J 1np11t 

Figure 7: Strobe Signal Pulses Low 5 Times 
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Busy Output (Pin 21) 

At the beginning of the signal integration phase BUSY goes 
high and remains high until. the first clock pulse after the 
integrator zero crossing. BUSY returns to the logic "O" state 
after the measurement cycle ends in a overrange condition. 
The internal display latches are loaded during the first clock 
pulse after busy and are latched at the clock pulse end. The 
busy signal does not go high atthe beginning of the measure
ment cycle which starts with the auto-zero cycle. 

Overrange Output (Pin 27) 

If the input signal causes the reference voltage integration 
time to exceed 20,000 clock pulses the overrange output is 
set to a logic 1. The overrange output register is set when 
BUSY goes low and is reset at the beginning of the next refer
ence integration phase. 

TSC7135 Digital Section Functional 
Description (Cont.) 

Underrange Output (Pin 28) 

If the output count is 9% of full scale or less (:S1800 counts) 
the under range register bit is set at the end of BUSY. The bit is 
set low at the next signal integration phase. 

Polarity Output (Pin 23) 

A positive input is registered by a logic 1 polarity signal. The 
polarity bit is valid at the beginning of reference integrate and 
remains vaiid until determined during the next conversion. 

The polarity bit is valid even for a zero reading. Signals less 
than the converters LSB will have the signal polarity deter
mined correctly. This is useful in null applications. 

Digit Drive Outputs (Pins 12. 17. 18, 19 & 20) 

Digit drive signals are positive going signals. The scan 
sequence is Ds to D1. All positive pulses are 200 clock pulses 
wide except Ds which is 201 clock pulses wide. 

All five digits are scanned continuously unless an overrange 
condition occurs. In an overrange condition all digit drives 
are held low from the final STROBE pulse until the beginning 
of the next reference integrate phase. The scanning se
quence is then repeated. This provides a blinking visual 
display indication. 

BCD Data Outputs (Pins 13. 14, 15 and 16) 

The binary coded decimal bits Ba. B4, B2, B1 are positive 
true logic signals. The data bits become active simultan
eously with the digit drive signals. In an overrange condition 
all data bits are at a logic "O" state. 

Applications Information 
Component Value Selection 

4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

R1NT = 
full-scale voltage 

20 µA 

Integrating Capacitor 
The product of integrating resistor and capacitor should be 
selected to give the maximum voltage swing which ensures 
that the tolerance build-up will not saturate the integrator 
swing (approx. 0.3 volt from either supply). For ±5 volt 
supplies and analog COMMON tied to supply ground. a ±3.5 
to ±4 volt full scale integrator swing is adequate. A 0.10 µF to 
0.47 µF is recommended. In general. the value of C1NT is given 
by: 

C1Nr= 
[10,000 x clock period] x hNT 

Integrator output voltage swing 

(10,000) (clock period) (20µA) 

Integrator output voltage swing 

A very important characteristic of the integrating capacitor is 
that it has low dielectric absorption to prevent roll-over or 
ratiometric errors. A good test for dielectric absorption is to 
use the capacitor with the input tied to the reference. This ratio
metric condition should read half scale 0.9999. Any deviation is 
probably due to dielectric absorption. Polypropylene capaci
tors give undetectable errors at reasonable cost. Polystyrene 
and polycarbonate capacitors may also be used in less critical 
applications. 

Auto-Zero and Reference Capacitor 
The size of the auto-zero capacitor has some influence on 
the noise of the system. A large capacitor reduces the noise. 
The reference capacitor should be large enough such that 
stray capacitance to ground from its nodes is negligible. 

The dielectric absorption of the reference cap and auto-zero 
cap are only important at power-on or when the circuit is 
recovering from an overload. Smaller or cheaper caps can 
be used if accurate readings are not required for the first 
few seconds of recovery. 

Reference Voltage 
The analog input required to generate a full-scale output is 
VIN= 2 VREF. 

The stability of the reference voltage is a major factor in the 
overall absolute accuracy of the converter. For this reason. it 
is recommended that a high quality reference be used where 
high-accuracy absolute measurements are being made. Suit
able references are: 

Part Type 

TSC9491 
MC1400U2 

Conversion Timing 

Manufacturer 

Teledyne Semiconductor 
Motorola 

Line Frequency Rejection 
The integrating resistor is determined by the full scale input 
voltage and the output current of the buffer used to charge 
the integrator capacitor. Both the buffer amplifier and the 
integrator have a class A output stage with 100 µA of quies- A signal integration period at a multiple of the 60 Hz line fre-
cent current. A 20 µA drive current gives negligible linearity quency will maximize 60 Hz "line noise" rejection. 
errors. Values of 5 to 40 µA give good results. The exact value A 100 kHz clock frequency will reject both 50 Hz, 60 Hz and 
of integrating resistor for a 20 µA current is easily calculated. 400 Hz noise. This corresponds to 2.5 readings per second. 
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Oscillator Frequency 

300 kHz, 200 kHz, 
150 kHz, 120 kHz, 100 kHz, 
40 kHz, 33 1/3 kHz 

250 kHz, 166 2/3 kHz, 
125 kHz, 100 kHz 

Frequency Rejected 

60 Hz 

50 Hz 

100 kHz 50 Hz, 60 Hz, 400 Hz 

Conversion Rate vs Clock Frequency 
Oscillator 
Frequency 

(kHz) 
Conversion 

Rate (Conv/Sec) 

100 
120 
200 
300 
400 
800 

1,200 

Power Supplies and Grounds 
Power Supplies 

2.5 
3 
5 

7.5 
10 
20 
30 

The TSC7135 is designed to work from ±5 V supplies. The 
conditions to use a single +5 V supply are: 

• The input signal is referenced to the center of the common 
mode range of the converter. 

• The signal is less than ±1.5 volts. 

Grounding 
Systems should use separate digital and analog ground sys
tems to avoid loss of accuracy. 

Displays and Driver Circuits 
Teledyne Semiconductor manufactures three display 
decoder/driver circuits to interface the TSC7135 to LCD or 
LED displays. Each driver has 28 outputs for driving four 
seven segment digit displays. The TSC700A features 
increased LED segment drive current for greater display 
brightness. 

Device Package Description 

TSC7211AIPL 40 Pin Epoxy 4 Digit LCD Driver/Decoder 

TSC7212AIPL 40 Pin Epoxy 4 Digit LED Driver/Decoder 

TSC700AIJL 40 Pin CerDIP 4 Digit LED Driver/Decoder 
with high LED Segment 
Current (ISEG? 11 mA) 

Several sources exist for LCD and LED displays: 

Manufacturer 

Hewlett Packard 
Components 

Litronix, Inc. 

And 

Epson America, Inc. 

Address 

640 Page Mill Rd 
Palo Alto, CA 94304 

19000 Homestead Rd. 
Cupertino, CA 94010 

Display 
Type 

LED 

LED 

770 Airport Blvd. LCD and 
Burlingame, CA 94010 LED 

3415 Kanhi Kawa St. 
Torrence, CA 90505 LCD 

TSC7135 
High Speed Operation 
The maximum conversion rate of most dual-slope AID con
verters is limited by the frequency response of the compara
tor. The comparator in this circuit follows the integrator ramp 
with a 3 µs delay, and at a clock frequency of 160 kHz (6 µs 
period) half of the first reference integrate clock period is lost 
in delay. This means that the meter reading will change from 
Oto 1 with a 50 µV input, 1 to 2 with 150 µV, 2 to 3 at 250 µV, 
etc. This transition at mid-point is considered desirable by 
most users; however, if the clock frequency is increased 
appreciably above 160 kHz, the instrument will flash "1" on 
noise peaks even when the input is shorted. 

For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, clock rates of up to -1 
MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be a con
stant and can be subtracted out digitally. 

The clock frequency may be extended above 160 kHz without 
this error, however, by using a low value resistor in series with 
the integrating capacitor. The effect of the resistor is to intro
duce a small pedestal voltage on to the integrator output at 
the beginning of the reference integrate phase. By careful 
selection of the ratio between this resistor and the integrating 
resistor (a few tens of ohms in the recommended circuit), the 
comparator delay can be compensated and the maximum 
clock frequency extended by approximately a factor of 3. At 
higher frequencies, ringing and second order breaks will 
cause significant non-linearities in the first few counts of the 
instrument. 

The minimum clock frequency is established by leakage on 
the auto-zero and reference caps. With most devices, mea
surement cycles as long as 10 seconds give no measurable 
leakage error. 

The clock used should be free from significant phase or fre
quency jitter. Several suitable low-cost oscillators are shown 
in the Applications section. The multiplexed output means 
that if the display takes significant current from the logic 
supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 
The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half-clock 
pulse have died down. False zero-crossings caused by clock 
pulses are not recognized. Of course, the flip-flop delays the 
true zero-crossing by up to one count in every instance, and if 
a correction were not made, the display would always be one 
count too high. Therefore, the counter is disabled for one 
clock pulse at the beginning of the reference integrate (de
integrate) phase. This one-count delay compensates for the 
delay of the zero-crossing flip-flop, and allows the correct 
number to be latched into the display. Similarly, a one-count 
delay at the beginning of auto-zero gives an overload display 
of 0000 instead of 0001. No delay occurs during signal inte
grate, so that true ratiometric readings result. 
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Application Circuits 

Gates are 74C04 

1.fo~ ___ 1 __ _ 
2 C[0.41 Rp + 0.70 R1) 

a. If R1 = R2 = R1, f"' 0.55/RC 

b. If R2 >> R1, f "'0.45/R1C 

c. If R2 << R1, f"' 0.72/R1C 

a. f = 120 kHz, C = 420 pF 
R1 = R2 ~ 10.9 k n 

b. f = 120 kHz, c = 420 pF, R2 = 50 kn 
R1=8.931< !l 

c. f = 120 kHz, c = 220 pF, R2 = 5 kn 
R1 = 27.3 kn 

Figure A:. R/C Oscillator 

4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

0.22µF 

R2 
100k 

t&kn 

R2 
100k 

+5V 

-= 

R4 
2k 

+5V 

390 •• 

-= 

Figure B: Comparator Clock Circuit 
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PRODUCT INFORMATION 

4 1/2 Digit ADC with Multiplexed Common Anode LED Display 

120kHz 22 

20 19 18 17 12 

03 04 05 

AZ IN 

BUFF OUT 

11" fm TSC7135 

23 
POL 1-_..,.,'V'--+---C 

REF 7 
CAP 

REF 8 
CAP 

TSC7135 

BB~1~·------------2.foo---~R~B1i""'"~-----, 100 k~] 10 
' 0---'VV\r-<>-----l+INPUT 

ANALOG 
INPUT 

1.0µF 

0-----<>-----t-INPUT 

3 ANALOG 
~---'-!COMMON 

v-

B4~1~·------------'-12 c 
14 

B21-------------'-I 
16 7447 +5V 

Bl 13 7 A 

4 1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 

SEGMENT 
DRIVE 

1/2 CD4030 

-SV 

23 
v- POL BP 

01 
20 1/4 CD4030 

31 
01 

02 19 
32 

02 

03 18 
33 

03 11" BUFF OUT 04 17 34 TSC7211A 
lOOk.11 04 

BB 
16 

30 
83 11" 15 

TSC7135 
84 29 

82 
14 82 28 v+ 1 81 

1ookn 10 13 
27 

BO GND JS 

ANALOG 
IN OUT 

a 

1/2 CD4013 

CLK 

1/4 CD4030 
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4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

41/2 Digit ADC with Multiplexed Common Cathode LED Display 

.., ... 
TSC04 

1.22V 

~----t MSD 05 

13 LSBB1 

19 

DJ 18 

04 17 

84 15 

C04513 
~¥/'~--'1"-14 BE 

15 

16 

~------<> f0 ~ 12{) kHz 
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Four Channel Data Acquisition System 

ADDRESS BUS 

CONTROL BUS 

DATA BUS <5V 

CHANNEL SELECTION 

7-293 

TSC7135 

CHANNEL 1 

CHANNEL 2 

CHANNEL 3 

CHANNEL 4 

DIFFERENTIAL 
MULTIPLEXER 
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Negative Supply Voltage Generator 

v+ 11 

..,.,.. 
TSC7135 

' 
(-5V) 

4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

+5V 

8 

5 
v-

""l 
.., ... TSC7660 

4~2 ·.J; 
10µ: 

2i 
Output Voltage vs Output Current 
A negative voltage can be generated from the positive supply 
by using a hex inverter as a free running oscillator to drive a 
voltage doubler. The five inverters are paralleled to provide a 
low output impedance. Since the 4049 is a standard 4000 
CMOS part, the circuit can be operated from 3 to 15 volts. 
The 10 µF capacitors were used in order to minimize output 
ripple at low V+ voltages. When higher input voltages (V+) 

Package Outlines 

(Package #15) 
28-Pin Plastic Dip (J Package) 

["] .=~:; 
1~1290(3:~661MAX-l ~iii: ~;;;j 

~41~~::~~;m--ww .I 
l__ :: I 
~ I I 0015(0381)--1 I o 008 ID 2031 

-,-- '' II I I 
~~~~ ~:~~2) ! : I~ . '1 -, I.._ - _ _.--, 

0.110 (2.794) 0.070 (1.778) Q:~ t..Q:584l 0.700 117.780) 
0.090 (2.286) 0.030 (0.762) 0.015 i0.3Si) 0.630 (16.002) ........ 

are available the 10 µF capacitors can be lowered to 1 or0.1 
µF depending on the output loading. If this circuit generates 
more voltage than is needed, one half of the diodes and capa
citors can be eliminated to reduce cost. The output voltage 
will then beone-half of that shown·in the graph and is available 
on the negative side of the 10 µF capacitor connected to 
ground. 

PIN 60 
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60-Pln Flat Package 

PIN 1 INDICATION 
DIMPLE OR BUTTON "SQ" Package - Unformed Leads 

(Package #22) 

"BQ" Package - Formed Leads 
(Package #21) 



~f"TELEDVNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" TSC7136 

TSC7136A 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LOW POWER 3 1/2 DIGIT AID CONVERTER 

ANALOG 
INPUT 

1MU 

0.16 i.if 

Figure 1: "fypical Operating Circuit 

0.1 µF 

34 33 

sso kn 

FEATURES 
• Over-Range Recovery, Guaranteed First Reading 

Accuracy 
• Low Temperature Drift Internal Reference 

TSC7136 . . . . . . . . . . . . . . . . . 10 ppm/°C ('JYplcal) 
TSC7136A . . . . . . . . . . . . . . . 35 ppm/°C (Typical) 

• Guaranteed Zero Reading With Zero Input 
• Low Noise . . . . . . . . . . . . . . . . . . . . . . . . . . 15 µVp.p 
• High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 
• Low Input Leakage Current . . . . . . 1 pA Typical 

10 pA Maximum 
• Direct LCD Drive - No External Components 
• Precision Null Detection With True Polarity at Zero 
• High Impedance Differential Input 
• Convenient 9 V Battery Operation With 

Low Power Dissipation . . . . . . . . 500 µW Typical 
900 µW Maximum 

• Internal Clock Circuit 
• Available in Compact Flat Package or PLCC 
• Industrial Temperature Range Device Available 
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LOW POWER 3 1/2 DIGIT AID CONVERTER 

TSC7136 
TSC7136A 
GENERAL DESCRIPTION 

The TSC7136 and TSC7136A are low power, 
3 1/2 digit, LCD display, analog-to-digital converters. 
These devices incorporate an "integrator output zero" 
phase which guarantees overrange recovery. The per
formance of existing TSC7126, TSC7126A and ICL7126 
based systems may be upgraded with minor changes 
to external, passive components. 

The TSC7136A has an improved internal zener 
reference voltage circuit which maintains the analog 
common temperature drift to 35 ppm/cc (typical) and 
75 ppm/cc (maximum). This represents an improve
ment of two to four times over similar 3 1/2 digit 
converters. The costly, space consuming external 
reference source may be removed. 

The TSC7136 limits linearity error to less than 1 
count on 200 mV or 2.00 V full-scale ranges. Rollover 
error - the difference in readings for equal magnitude 
but opposite polarity input signals - is below ±1 
count High impedance differential inputs offer 1 pA 
leakage currents and a 1012 Q input impedance. The 
differential reference input allows ratiometric measure
ments for ohms or bridge transducer measurements. 
The 15 µVp_p noise performance guarantees a "rock 
solid" reading. The auto zero cycle guarantees a zero 
display readout for a zero volt input 

The single chip CMOS TSC7136 incorporates 
all the active devices for a 3 1/2 digit analog to digital 
converter to directly drive an LCD display. The internal 
oscillator, precision voltage reference and display 
segment/backplane drivers simplify system integration, 
reduce board space requirements and lower total cost 
A low cost, high resolution -0.05%- indicating meter 
requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multimeters. 

The TSC7136A dual slope conversion tech
nique rejects interference signals if the converters 
integration time is set to a multiple of the interference 
signal period. This is especially useful in industrial 
measurement environments where 50, 60 and 400 Hz 
line frequency signals are present 

Typical Applications 
• Thermometry 
• Bridge Readouts (Strain Gauges, Load Cells, Null 

Detectors) 
• Digital Meters 

- Voltage/Current/Ohms/Power 
-pH 
- Capacitance/Inductance 
- Fluid Flow RateNiscosity/Level 
- Humidity 
- Position 

• Digital Scales 
• Panel Meters 
• LVDT Indicators 
• Portable Instrumentation 
• Power Supply Readouts 
• Process Monitors 
• Gaussometers 
• Photometers 

Ordering Information 

Reference 
Pin Temp. Temp. 

Part No. Package Layout Range Coefficient 

TSC7136ACPL 40-Pin 
Normal 

O'C to 75 ppm/'C Max 
TSC7136CPL Plastic Dip 70'C 150 ppm/'C Max 

TSC7136ARCPL 40-Pin 
Reversed 

O'C to 75 ppm/'C Max 
TSC7136RCPL Plastic Dip 70'C 150 ppm/'C Max 

TSC7136AIJL 40-Pin 
Normal 

-25'C to 100 ppm/'C Max 
TSC71361JL CerDIP 85'C 150 ppm/'C Max 

TSC7136ACKW 44-Pin Formed O'C to 75 ppm/'C Max 
TSC7136CKW Plastic Flat Leads 70'C 150 ppm/'C Max 

TSC7136ACLW 44-Pin O'C to 75 ppm/'C Max 
TSC7136CLW PLCC 70'C 150 ppm/'C Max 

Devices with 160 Hour, +125° C Burn-In 

TSC7136ACPL/BI 
40-Pin 

Normal 
O'C to 

75 ppm/'C Max 
Plastic DIP 70'C 

TSC7136AIJUBI 
40-Pin 

Normal 
-25'C to 

100 ppm/'C Max 
CerDIP 85'C 
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PRODUCT INFORMATION 

Pin Configuration 

I ,., 

~ 
lO's 

Az 

~ 
Fz 

'2 
03 

1oo·s B3 

L F3 

E3 

1ooo·s-AB4 

POL 

ANALOG 
COMMON 

ViN 
VJN 11 

c., 
VBUFF 

VINT 

v-

IG2 

lOO's CJ L AJ 
G3 

BP 

osc, 
OSCz 

OSC3 

TEST 

vt:ieF 
VREF 

cAEF 
CfiEF 
ANALOG 
COMMON 

vtN 
YIN 

CAz 

VeuFF 
VINT 
v-

Gz l 
~:J· 
BP 

v• 
o, l c, 

"' Ai ,., 
,, 

~ 
G1 ,, 
Dz 

Cz 

Bz 
10's 

Az 

~ 
Fz ,, 
03 

B3 
lOO's 

F3 _J ,, 
AB4- 1000's 

~'"" TSC7136CLW 
TSC7136ACLW 
(PLCC) 
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LOW POWER 3 1/2 DIGIT AID CONVERTER 

TSC7136 
TSC7136A 
Absolute Maximum Ratings Plastic Package (P) ........................... 800 mW 

Supply Voltage (V• to v-) ........................... 15 V Epoxy Flat Package ( K, L, ) ................. 500 mW 
Analog Input Voltage (either input)'" .............. v• to v- Operating Temperature 
Reference Input Voltage (either input) ............. v• to v- ("C" Devices) . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to +70°C 
Clock Input .................................. Test to v• ("I" Devices) . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to +85°C 
Power Dissipation 121 Storage Temperature .......... ; ......• -65°C to +160°C 

CerDIP Package (J) •.•••.•••.•.•....•.....•• 1000 mW Lead Temperature (Soldering, 60 sec) .............. 300°C 

Electrical Characteristics: Vs= 9 v, fciock = 16 kHz and TA= 25°C unless otherwise noted. 

TEST TSC7136/TSC7136A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I 
N 
p 
u 
T 

AC 
NO 
AM 
LM 
00 
GN 

D 
LR 
Cl 
DV 

E 

2 

3 

4 NL 

5 

7 IL 

8 CMRR 

9 

10 VcTC 

11 VcTC 

12 Ve 

13 V50 

14 V80 

SUPPLY 15 Is 

Notes: 

Zero Input Reading 

Zero Reading Drift 

Ratiometric Reading 

Linearity Error 

Rollover Error 

Noise 

Input Leakage Current 

Common-Mode 
Rejection Ratio 

Scale Factor 
Temperature 
Coefficient 

Analog Common 
Temperature 
Coefficient 

Analog Common 
Temperature 
Coefficient 

Analog Common 
Voltage 

LCD Segment 
Drive Voltage 

LCD Backplane 
Drive Voltage 

Power Supply Current 

V1N =O.OV, 
Full-Scale = 200.0 mV 

V1N = 0.0V, 
0°C :ST A :S 70°C 

Full-Scale = 200 mV or 
2.000 V. Max. Deviation 
from Best Straight Line. 

-V1N = +V1N 
=200.0 mV 

V1N = OV, 
Full-Scale = 200.0 mV 

VcM = ±1 V, V1N = 0 V 
Full-Scale = 200.0 mV 

V1N = 199.0 mV, 
0°C :ST A :S 70°C 
Ext. Ref. Temp. 
Coeff. = 0 ppm/°C 

250 kO Between 
Common and v• 
0°C:STA:S70°C TSC7136A 
"C" Commercial TSC7136 
Temp. Range Devices 

250 kO Between 
Common and v• 
-25°C:STA:S85°C TSC7136A 
"I" Industrial TSC7136 
Temp. Range Devices 

250 kO Between 
Common and v• 

v• to v- = 9 v 

v• to v- = 9 v 

V1N = 0 V, v· to v- = 9 V, 
Note 7 

-000.0 

999 

-1 

-1 

2.7 

4 

4 

±000.0 

0.2 

999 
1000 

±0.2 

±0.2 

15 

50 

35 
70 

35 
70 

3.05 

5 

5 

70 

4. Refer to "Differential Input" discussion. 

+000.0 

1000 

+1 

+1 

10 

5 

75 
150 

100 
150 

3.35 

6 

6 

100 

Digital 
Reading 

µV/°C 

Digital 
Reading 

Counts 

Counts 

pA 

µVIV 

ppm/°C 

ppm/°C 
ppm/°C 

ppm/°C 
ppm/°C 

v 

Vp.p 

µA 

1. Input voltage may exceed the supply voltages when the input current is limited 
to 100µA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

5. Backplane drive is in phase with segment drive for 'off' segment and 180° out 
of phase for 'on' segment. Frequency is 20 times conversion rate. Average DC 
component is less than 50 mV. 

3. Static sensitive device. Unused devices should be stored in conductive mate
rial to protect devices from static discharge and static fields. 
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6. See Figure 1. 

7. A 48 kHz oscillator, increases current by 20 µA (typ.). Common current not 
included. 



PRODUCT INFORMATION 

Pin Description 
40-Pln DIP 
Pin Number 

Normal (Reverse) Name 

(40) V' 

2 (39) D1 

3 (38) C1 

4 (37) B1 

5 (36) A1 

6 (35) F1 

7 (34) G1 

8 (33) E1 

9 (32) 02 

10 (31) C2 

11 (30) B2 

12 (29) A2 

13 (28) F2 

14 (27) E2 

15 (26) D3 

16 (25) B3 

17 (24) F3 

18 (23) E3 

19 (22) AB4 

20 (21) POL 

21 (20) BP 

22 (19) G3 

23 (18) A3 

24 (17) C3 

25 (16) G2 

26 (15) v-

27 (14) VINT 

28 (13) VsuFF 

29 (12) CAZ 

Description 

Positive supply voltage. 

Activates the D section of the units display. 

Activates the C section of the units display. 

Activates the B section of the units display. 

Activates the A section of the units display. 

Activates the F section of the units display. 

Activates the G section of the units display. 

Activates the E section of the units display. 

Activates the D section of the units display. 

Activates the C section of the tens display. 

Activates the B section of the tens display. 

Activates the A section of the tens display. 

Activates the F section of the tens display. 

Activates the E section of the tens display. 

Activates the D section of the hundreds display. 

Activates the B section of the hundreds display. 

Activates the F section of the hundreds display. 

Activates the E section of the hundreds display. 

Activates both halves of the 1 in the thousands display. 

Activates the negative polarity display. 

Backplane drive output. 

Activates the G section of the hundreds display. 

Activates the A section of the hundreds display. 

Activates the C section of the hundreds display. 

Activates the G section of the tens display. 

Negative power supply voltage. 

TSC7136 
TSC7136A 

The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 
output to saturate. When analog common is used as a reference and 
the conversion rate is 3 readings per second, a 0.047 µF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See INTEGRATING CAPACITOR section for additional details. 

Integration resistor connection. Use a 180 kn for a 200 mV full-scale range and a 
1.80 Mn for 2 V lull scale range. 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 µF 
capacitor for a 200 mV full-scale, and a 0.10 µF capacitor for a 2 volt full-scale. 
See paragraph on AUTO-ZERO CAPACITOR for more details. 
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TSC7136 
TSC7136A 
Pin Description 

40-Pln DIP 
Pin Number 

Normal (Reverse) 

30 (11) 

31 (10) 

32 (9) 

33 (8) 

34 (7) 

35 (6) 

36 (5) 

37 (4) 

38 (3) 

39 (2) 

40 (1) 

LOW POWER 3 1/2 DIGIT AID CONVERTER 

Name Description 

VIN The low input is connected to this pin. 

v:N The high input signal is connected to this pin. 

This pin is primarily used to set the analog common-mode voltage for battery 
Analog operation or in systems where the input signal is referenced to the power supply. 

Common See paragraph on ANALOG COMMON for more details. It also acts as a 
reference voltage source. 

CfiEF See pin 34. 

A 0.1 µF capacitor is used in most applications. If a large common mode voltage 
CREF exists (for example the VIN pin is not at analog common), and a 200 mV scale is 

used, a 1.0 µF is recommended and will hold the rollover error to 0.5 count. 

VREF See pin 36. 

The analog input required to generate a full-scale output (1,999 counts). Place 
VREF 100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 

pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 

Lamp test. When pulled high (to v•) all segments will be turned on and the display 
Test should read -1888. It may also be used as a negative supply for externally 

generated decimal points. See paragraph under TEST for additional information. 

OSC3 See pin 40. 

OSC2 See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
osc1 section) connect pin 40 to the junction of a 180 kn resistor and a 50 pF capacitor. 

The 180 kn resistor is tied to pin 39 and the 50 pf capacitor is tied to pin 38. 
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PRODUCT INFORMATION 

General Theory of Operation 

Dual Slope Conversion Principles 
The TSC7136A is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7136A opera
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed time 
period (T51). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer
ence integration time is directly proportional to the input signal 
(TR1)-

SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 

Figure 2: Basic Dual Slope Converter 

~ 
z 
Q 20 >-

~ 
« 
w 
0 
0 
~ 
~ 10 
<t 
~ 
« 
0 z 

0.1/T 1/T 

INPUT FREQUENCY 

Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 

10/T 
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In a simple dual slope converter a complete conversion 
requires the integrator output to "ramp-up" and "ramp-down." 
A simple mathematical equation relates the input signal, refer
ence voltage and integration time: 

where: 

Ts1 

1 f V1N(t)dt = 

F!C o 

VR = Reference Voltage 
T51 =Signal Integration Time (Fixed) 
TRI= Reference Voltage Integration Time (Variable) 

For a constant V1N: 

The dual slope converter accuracy is unrelated to the inte
grating resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune to 
the large conversion errors that plague successive approxi
mation converters in high noise environments. Interfering sig
nals with frequency components at multiples of the averaging 
period will be attenuated. Integrating ADCs commonly operate 
with the signal integration period set to a multiple of the 50/60 
Hz power line period. 

Analog Section 
In addition to the basic integrate and deintegrate dual slope cycles 
discussed above, the TSC7136 and TSC7136A designs incor
porate an "integrator output-zero cycle" and an "auto-zero cycle". 
These additional cycles ensure that the integrator starts at zero 
volts (even after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and comparator) 
are removed from the conversion. A true digital zero reading is 
assured without any external adjustments. 

A complete conversion consists of four distinct cycles: 

• Integrator Output-Zero Cycle 
• Auto-Zero Cycle 
• Signal Integrate Cycle 
• Reference Deintegrate Cycle 

Integrator Output-Zero Cycle 
This phase guarantees that the integrator output is at zero 
volts before the system zero phase is entered. This ensures 
that the true system offset voltages will be compensated for 
even after an over-range conversion. The count for this phase 
is a function of the number of counts required by the deinte
grate cycle. 

The count will last from 11 to 140 counts for non-over
range conversions and from 31 to 640 counts for over-range 
conversions. 

• 
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PRODUCT INFORMATION 

Auto-Zero Cycle 
During the auto-zero cycle the differential input signal is dis
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (ground) 
to establish a zero input condition. Additional analog gates 
close a feedback loop around the integrator and comparator. 
This loop permits comparator offset voltage error compensa
tion. The voltage level established on CAz compensates for 
device offset voltages. The auto-zero cycle residual is typically 
10-15µV. 

The auto-zero duration is from 910 to 2,900 counts for non
over-range conversions and from 300 to 910 counts for over
range conversions. 

Signal Integration Cycle 
The auto-zero loop is opened and the internal differential 
inputs connect to ViN and VIN· The differential input signal is 
integrated for a fixed time period. The TSC7136A signal inte
gration period is 1000 clock periods or counts. The externally 
set clock frequency is divided by four before clocking the 
internal counters. The integration time period is: 

where: 

Ts1 = __ 4_ x 

lose 
1000 

lose = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range when the converter and measured sys
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, VIN should be tied to analog common. 

Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci
sion null detection limited only by device noise and auto-zero 
residual offsets. 

Reference Integrate Cycle 
The third phase is reference integrate or deintegrate. V1N is 
internally connected to analog common and V1N is connected 

_F10oo=j.__ ___ __.I 
DE-,l~: _1 ___ __,F1-2000__._l _______ I_ 

zi_l __ ---__,n-11-140 I 

AZ 1 ... 1 _________ ... 1--9102900---L 

--------4000 --------1 
Conversion Timing During Normal Operation 

J-1000-I 1 
DE-::~ I l-2001-2090---1 I 

1 31640=="- I ,, _____________ _J LJ_ 
I I 

AZl~------------30-0--910~ 
4000-------~ 

Conversion Timing During Over-Range Operation 

across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected 
with the correct polarity to cause the integrator output to 
return to zero. The time required for the output to return to zero 
is proportional to the input signal and is between O and 2000 
internal clock periods. The digital reading displayed is 

1000 V1N 

VREF 

Digital Section 
The TSC7136A contains all the segment drivers necessary to 
directly drive a 3-1 /2 digit liquid crystal display (LCD). An LCD 
backplane driver is included. The backplane frequency is the 
external clock frequency divided by 800. For three con
versions/ second the backplane frequency is 60 Hz with a 5 V 
nominal amplitude. When a segment driver is in phase with the 
backplane signal the segment is "OFF." An out of phase seg
ment drive signal causes the segment to be "ON" or visible. 
This AC drive configuration results in negligible DC voltage 
across each LCD segment. This insures long LCD display life. 
The polarity segment driver is "ON" for negative analog inputs. 
If ViN and VIN are reversed this indicator would reverse. 

On the TSC7136A when the test pin is pulled to v• all segments 
are turned "ON." The display reads-1888. During this mode the 
LCD segments have a constant DC voltage impressed. Do not 
leave the display in this mode for more than several minutes. 
LCD displays may be destroyed if operated with DC levels for 
extended periods. 

The display FONT and segment drive assignment are shown in 
Figure 5. 

DISPLAY FONT 
11ooo"T'oo-'T'o"l"'I 

l-1 8 8 BI O/C'3lf56789 

Figure 5: Display FONT and Segment Assignment. 
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LOW POWER 3 1/2 DIGIT AID CONVERTER 

TSC7136 
TSC7136A 
System Timing 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The four phase measurement cycle 
takes a total of 4000 counts or 16000 clock pulses. The 4000 
count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following length: 

• Auto-Zero Phase: 300 to 2900 Counts 
(1200 to 11600 Clock Pulses) 

• Signal Integrate: 1000 Counts 
(4000 Clock Pulses) 

This time period is fixed. The integration period is: 

Ts1 = 4000 
fosc 

Where fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 2000 Counts 
• Zero Integrator: 11 to 640 Counts 

The TSC7136 is a drop in replacement for the TSC7126 and 
ICL7126. The TSC7136A offers a greatly improved internal 
reference temperature coefficient. Minor component value 
changes are required to upgrade existing designs and improve 
the noise performance. 

Component Value Selection 
Auto-Zero Capacitor - CAz 
The CAZ capacitor size has some influence on system noise. A 
0.47 µF capacitor is recommended for 200 mVfull-scale appli
cations where 1LSBis100µV.A0.10µF capacitor is adequate 
for2.0 V full-scale applications. A mylar type dielectric capaci
tor is adequate. 

Reference Voltage Capacitor - CREF 

The reference voltage used to ramp the integrator output voltage 
back to zero during the reference integrate cycle is stored on CREF
A 0.1 µF capacitor is acceptable when Vl.EF is tied to analog 
common. If a large common-mode voltage exists (Vl.EF is tied to 
analog common. If a larg~ common-mode voltage exists (Vl.EF"" 
analog common) and the application requires a 200 mV full-scale 
increase CREF to 1.0 µF. Rollover error will be held to less than 0.5 
count. A mylar type dielectric capacitor is adequate. 

Integrating Capacitor - C1NT 

C1Nr should be selected to maximize integrator output voltage 
swing without causing output saturation. Analog common will 
normally supply the differential voltage reference. For this case 
a ±2 V full-scale integrator output swing is satisfactory. For 3 
readings/second (lose= 48 kHz) a 0.047 value is suggested. 
For one reading per second 0.15 µF is recommended. If a 
different oscillator frequency is used C1NT must be changed in 
inverse proportion to maintain the nominal ±2 V integrator 
swing. 

An exact expression for CiNT is: 

(4000) (_1_) (VFs) 

C1NT = _____ fo_s_c ___ R_tN_T_ 

VINT 

Where: 

lose =Clock frequency at Pin 38 
VFs = Full-scale input voltage 
RiNT = Integrating resistor 
V1Nr = Desired full-scale integrator output swing 

C1Nr must have low dielectric absorption to minimize roll-over 
error. An inexpensive polypropylene capacitor is recommended. 

Integrating Resistor - R1NT 
The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 6 µA. 
The integrator and buffer can supply 1 µA drive currents with 
negligible linearity errors. RiNT is chosen to remain in the out
put stage linear drive region but not so large that printed circuit 
board leakage currents induce errors. For a 200 mV full-scale 
R1NT is 180 kO. A 2.0 V full-scale requires 1.8 MO. 

Component 

Value 

CAZ 

Note: 

Nomlnal Full-Scale Voltage 

200.0 mV 2.000 V 

0.47µF 0.10µF 

180 kO 1.8 MO 

0.047 µF 0.047 µF 

1. fosc = 48 kHz (3 readings/sec). Rose= 180 KCl, Case= 50 pF. 

Oscillator Components 
Cose should be 50 pF. Rose is selected from the equation: 

lose = 
0.45 

RC 

Note that fosc is divided by four to generate the TSC7136A 
internal control clock. The backplane drive signal is derived by 
dividing fosc by 800. 

To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 33 
1 /3 kHz, etc. should be selected. For 50 Hz rejection, oscillator 
frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz, 40 kHz, 
etc. would be suitable. Note that 40 kHz (2.5 readings/ second) 
will reject both 50 and 60 Hz (also 400 and 440 Hz). 

Reference Voltage Selection 
A full-scale reading (2000 counts) requires the input signal be 
twice the reference voltage. 

Required Full-Scale Voltage * 
200.0 mV 100.0 mV 

2.000V 1.000V 



PRODUCT INFORMATION 

9V 

Figure 6: Common-Mode Voltage Removed in Battery Operation with V1N =Analog Common 

In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output is 
400 mV for 2000 lb/in2 . Rather than dividing the input voltage 
by two the reference voltage should be set to 200 mV. This 
permits the transducer input to be used directly. 

The differential reference can also be used when a digital zero 
reading is required when V1N is not equal to zero. This is 
common in temperature measuring instrumentation. A com
pensating offset voltage can be applied between analog 
common and VIN· The transducer output is connected between 
V1'N and analog common. 

Device Pin Functional Description 
Differential Signal Inputs 
M"N (Pin 31 ),.V1"N (Pin 30)) 
The TSC7136A is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (VcMl· The typical range is v+ -1.0 to v- + 1.0 V. 
Common-mode voltages are removed from the system when 
the TSC7136A operates from a battery or floating power 
source (Isolated from measured system) and VIN is connected 
to analog common (VcoM): See Figure 6. 

In systems where common-mode voltages exist, the 86 dB 
common-mode rejection ratio minimizes error. Common
mode voltages do, however, affect the integrator output level. A 
worse case condition exists if a large positive VcM exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along with 
VcM (Figure 7). For such applications the integrator output 
swing can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of v+ or v
without increased linearity error. 

Differential Reference 
(VREF (Pin 36), VREF (Pin 39)) 
The reference voltage can be generated anywhere within the 
v+ to v- power supply range. 

To prevent rollover type errors being induced by large common
mode voltages CREF should be large compared to stray node 
capacitance. 

VcM 

I 

l 

INPUT 
BUFFER 

"' 

where 

c, 

T1 INTEGRATION TIME= ~~~~ 
C1 "'INTEGRATING CAPACITOR 

R1"' INTEGRATING RESISTOR 

Figure 7: Common-Mode Voltage Reduces Available 
Integrator Swing. (VcoM # V1N) 

The TSC7136A offers a significantly improved analog common 
temperature coefficient. This potential provides a very stable 
voltage suitable for use as a voltage reference. The temperature 
coefficient of analog common is 35 ppmi°C typically. 

Analog Common (Pin 32) 
The analog common pin is set at a voltage potential approxi
mately 3.0 V below v·. The potential is guaranteed to be 
between 2.7 V and 3.35 V below v•. Analog common is tied 
internally to an N channel FET capable of sinking 100 µA. This 
FET will hold the common line at 3.0 V below v• should an 
external load attempt to pull the common line toward v+. 
Analog common source current is limited to 1 µA. Analog 
common is therefore easily pulled to a more negative voltage 
(i.e. below v• -3.0 V). 

The TSC7136A connects the internal V1+N and V1-N inputs to 
analog common during the auto-zero cycle. During the refer
ence integrate phase VIN is connected to analog common. If 
v1-N is not externally connected to analog common, a common
mode voltage exists. This is rejected by the converter's 86 dB 
common-mode rejection ratio. In battery operation analog 
common and V1"N are usually connected, removing common
mode voltage concerns. In systems where v1-N is connected to 
the power supply ground or to a given voltage, analog common 
should be connected to V1"N. 
The analog common pin serves to set the analog section 
reference or common point. The TSC7136A is specifically 
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LOW POWER 3 1/2 DIGIT AID CONVERTER 

TSC7136 
TSC7136A 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7136A power source. The analog common 
potential of v• -3.0 v gives a 7 Vend of battery life voltage. The 
common potential has a 0.001 %1% voltage coefficient. 

With sufficientiy high total supply voltage (V+ -v- >7.0 VJ 
analog common is a very stable potential with excellent 
temperature stability- typically 35 ppm/ •c. This potential can 
be used to generate the TSC7136A reference voltage. An 
external voltage reference will be unnecessary in most cases 
because of the 35 ppm/°C temperature coefficient. See 
TSC7136A Internal Voltage Reference discussion. 

Test (Pin 37) 
The test pin potential is 5 V less than v•. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply through a 500 n resisto~. The test pin load should 
be no more than 1 mA. See the applications section for addi
tional information on using test as a negative digital logic 
supply. 

If test is pulled high to v• all segments plus the minus sign will 
be activated. Do not operate in this mode for more than several 
minutes. With Test= v• the LCD Segments are impressed with 
a DC voltage which will destroy the LCD. 

TSC7136A Internal Voltage Reference 
TheTSC7136A analog common voltage temperature stability 
has been significantly improved (Figure 8). The "A" version of 
the industry standard TSC7136 device. will allow users to 
upgrade old systems and design new systems without external 
voltage references. External Rand C values do not need to be 
changed, however, noise performance will be improved by 
increasing CAZ. (See AUTO-ZERO CAPACITOR section). Fig
ure 9 shows analog common supplying the necessary voltage 
reference for the TSC7136A. 

200 

180 

~ 160 
GUARANTEED NO 

MAXIMUM MAXIMUM 

! r----, SPECIFIED 

z ~ 140 I I 
TYPICAL 0 :; I .. I .. 0 120 

I 0 it " I 

"' w 100 I 
g 0 I " " .. 80 I 
z a: 

" " TYPICAL i( 60 
::; 

~ 
40 .., ... 
20 TSC7138 

ICL 
7136 

Figure 8: Analog Common Temperature Coefficient 

·~L r1,,·1 
26 1 
v- v• 240k.!l .., ... 

TSC7136A 
TSC7136 

vj!iEF 
36 10 k.U 

+ 
VREF 

VfiEF 
,. I 

ANALOG ~ 
COMMON 

SET VREF = 1/2 VfULL SCALE 

Figure 9: TSC7136A Internal Voltage Reference 
Connection 

Applications Information 
Liquid Crystal Display Sources 
Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7136A 3 1 /2 digit analog-to-digital 
converter. 

Representative 
Manufacturer Address/Phone Part Numbers 1 

Crystaloid 5282 Hudson Dr., C5335, H5535, 
Electronics Hudson, OH44236 T5135, SX440 

216/655-2429 

AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE0203 
415/347-9916 

EPSON 3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Fairchild Optoelectronics Div., LTB1091/92 
Camera 3105 Alfred St., LTB 1020/30/41/42 
& Instrument Santa Clara, CA 95050 LTB 1190/82/81 

408/987-9200 

Hamlin, Inc. 612 E. Lake St., 3902,3933,3903 
Lake Mills, WI 53551 
414/648-2361 

Note: 
1. Contact LCD manufacturer for full product llstlng/speclflcalions. 
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Decimal Point and Annunciator Drive 
The test pin is connected to the internally-generated digital 
logic supply ground through a 500 0 resistor. The test pin may 
be used as the negative supply for external CMOS gate seg
ment drivers. LCD display annunciators for decimal points, low 
battery indication, or function indication may be added without 
adding an additional supply. No more than 1 mA should be 
supplied by the test pin. The test pin potential is approximately 
5 v belowv+. 

v• 

"'" TSC7136A 
TSC7136 

BP 21 
TO LCD 
DECIMAL 
POINT 

Simple Inverter for Fixed Decimal Point 
or Display Annunciator 

v• 

"'" TSC7136A 
TSC7136 DECIMAL[ 

POINT 
SELECT 

TEST 

Multiple Decimal Point or 
Annunciator Driver 

Ratiometric Resistance Measurements 
The TSC7136A true differential input and differential reference 
make ratiometric readings possible. In ratiometric operation, 
an unknown resistance is measured with respect to a known 
standard resistance. No accurately defined reference voltage 
is needed. 

The unknown resistance is put in series with a known stan
dard and a current passed through the pair. The voltage deve
loped across the unknown is applied to the input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will read 
1000. The displayed reading can be detennined from the follow
ing.expression: 

Displayed Reading = R Unknown x 1000 
R Standard 

The display will overrange for R Unknown 2:2 x R Standard. 
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vReF 
v• 

RsTANDARD 

VAEF 
LCD DISPLAY 

VjN 

"'" 1983 AUN KNOWN TSC7136A 
TSC7136 

VtN 
ANALOG 
COMMON 

Figure 10: Low Parts Count Ratiometric Resistance 
Measurement 
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lN414B 
SENSOR 

v• 

"'" TSC7136A 
TSC7136 

VFs ~ 200 mV 

so kn >-oi----+-----tVR.eF 

COMMON 

Figure 11: Temperature Sensor 

,, 9V 
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v• v-

"1 
20kf2 

VIN 

"'" VjN TSC7136A 

"2 TSC7136 

vfi.EF 
20 kn 

VREF 

COMMON 

Figure 12: Positive Temperature Coefficient Resistor 
Temperature Sensor 
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~~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 

Test Circuit 

INITIATE 
CONVERSION 

-l1N = 10µ.A F.S. 

+5V 

ZERO 
ADJUST 

0.1µF 

~ 19 

Voo 
21 

1K 

-5V 

+5V 

., ... TSC8750 

20 

~0.1µF 

INTERNAL 
CLOCK 

• 
CONTROL 

LOGIC 
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FEATURES 
• High Accuracy - 3 1/2 Digit Resolution With 

<±0.025% Error 
• Military Temperature Range Devices 
• Monotonic Perfonnance - No Missing Codes 
• Monolithic CMOS Construction Gives Low Power 

Dissipation - 20 mW Typical 
• Contains All Required Active Elements - Needs 

only Passive Support Components, Reference 
Voltage and Dual Power Supply 

• High Stability Over Full Temperature Range 
- Gain Temperature Coefficient Typically 

<25 ppm/°C 
- Zero Drift Typically <30 µV/°C 
- Differential Non-Linearity Drift Typically 

<2.5 ppm1°c 
• Latched Parallel BCD Outputs 
• LPTTL and CMOS Compatible Outputs and Control 

Inputs 
• Strobed or Free Running Conversion 
• Infinite Input Range - Any Positive Voltage Can Be 

Applied Via a Scaling Resistor 

DATA 
COUNTERS 

BCD OUTPUTS 

i-+:2c--4----o A )THOUSANDS 

f..+''-----o n HUNDREDS 

OUTPUT O} 
LATCHES f..+:,------o ! TENS 

t-+:~,;,~ """',----a ~AB } UNITS 
1ZBITO 

22 BUSY 
23 DATA VALID 

•Any VREF greater than -1 V can be used. 

VREF 
RREF=-

-20µA 
For example with VREF = -6V, RAEF= 260K. 

• 



TSC8750 
GENERAL DESCRIPTION 

The Teledyne Semiconductor TSC8750 is a 
31/2 digit monolithic CMOS analog-to-digital converter. 
Fully self-contained in a single 24-pin dual in-line 
package, the converter requires only passive support 
components, voltage or current reference and power 
supplies. 

Conversion is performed by an incremental 
charge balancing technique which has inherently high 
accuracy, linearity and noise immunity. An amplifier 
integrates the sum of the unknown analog current and 
pulses of a reference current. The number of pulses 
(charge increments) needed to maintain the amplifier 
summing junction near zero are counted. At the end of 
conversion the total count is latched into the digital 
outputs in a 3 1/2 digit parallel BCD digital format. 

Ordering Information 

Temperature 
Part No. Package Range 

TSCB750CJ 24-Pin Plastic Dip 0°C to +70°C 

TSC8750CN 24-Pin Ceramic -40°C to +85°C 

TSC8750BN 24-Pin Ceramic -55°C to +125°C 

MIL-STD-883 Processing 

TSC8750BN/883 24-Pin Ceramic -55° to +125°C 

3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 

Pin Configuration 

HUNDREDS { : 
DIGIT B 

A 

{

D 

c 
TENS 

DIGIT : 

{ 

D 

c 
ONES 

DIGIT : 

Handling Precautions 

}THOUSAND DIGIT 

DATA VALID 

BUSY 

INITIATE CONVERSION 

GND 

vDD 

Vss 

ls1AS 

ZERO ADJUST 

AMPLIFIER OUT 

CMOS devices must be handled correctly to 
prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conductive material. 
Use proper anti-static handling procedures. Do not 
connect in circuits under "power on" conditions, as 
high transients may cause permanent damage. 
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TSC8750 
Electrical Characteristics Unless otherwise specified, Voo = +5 v, Vss = -5 v, VGNo= o. VREF = -6.4 v, Rs1As = 100 kf1, 
test circuit shown. TA= 25° C unless Full Temperature Range is specified. (-55° C to +125° C for BN, -40° C to +85° C for CN 
package, 0° to 70° C for CJ package.) 

CJ/CL BL 
PARAMETER DEFINITION CONDITIONS MIN TYP MAX MAX UNITS 

Accuracy 

Resolution BCD Word Length 3 1/2 Digits 
(1999 Accuracy Of Digital Output 

Counts) 

Output Deviation From Straight 
Relative Accuracy Line Between Normalized 0.025 0.025 % 

Zero and Full-Scale Input 

Differential Deviation From 1 LSB 0.025 0.025% 
Non-Linearity Between Transition Points II Differential Variation in Differential Full 
Non-Linearity Non-Linearity Due To Temperature ±2.5 ±5 ±5 ppm/°C 
Temperature Drift Temperature Change Range 

Gain Variation From Exact (Compen-
±2 ±5 ±5 %of 

Variance sate By Trimming R1N or RREF) Nominal 

Gain Variation In A Full 
Temperature Due To Temperature ±25 ±75 ±80 ppm/°C 
Drift Temperature Change Range 

Zero Offset 
Correction at Zero Adjust to Give 

l1N = 0 ±10 ±50 ±50 mV 
Zero Output When Input Is Zero 

Zero Temperature Variation in Zero Oftest Due to Full Temperature ±3 ±5 ±8 ppml°C 
Drift Temperature Change Range 

Analog Inputs 

liN Full-Scale Full-Scale Analog Input Current 10 µA 
To Achieve Specified Accuracy 

IREF Reference Current Input To -20 µA 
(Note 1) Achieve Specified Accuracy 

Digital Inputs 

V1N< 1) 
Logical "1" Input Threshold Full Temperature 3.5 v 
For Initiate Conversion Input Range 

V1N(Ol Logical "O" Input Threshold Full Temperature 1.5 1.5 v 
For Initiate Conversion Input Range 

Digital Outputs 

Vourm 
Logical "1" Output Voltage Full Temp. Range 
For Digits Out, Busy, and louT = -10 µA 4.5 v 
Data Valid Outputs I OUT = -500 µA 

Vour(Q) 
Logical "O" Output Voltage Full Temp. Range 
For Digits Out, Busy, and Voo = 4.75 v 0.4 0.4 v 
Data Valid Outputs louT = 500 µA 

Dynamic 

Conversion Time Time Required to Perform One 
Full Temp. Range 10 12 12 ms 

Complete A/D Conversion 

Conversion Conv'ns 
Rate in VINT CONV = + 5 V 84 100 per 
Free-Run Mode Second 

Minimum Pulse Width 
Full Temp. Range 500 ns 

for Initiate Conversion 
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TSC8750 

3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 

Electrical Characteristics Unless otherwise specified, Voo = +s v, Vss = -5 v, VGNo = o, VREF =-6.4 v, Re1As = 100 kn, 
test circuit shown. TA= 25° C unless Full Temperature Range is specified. (-55° C to +125° C for BN, -40° C to +85° C for CN 
package, 0° to 70° C for CJ package.) 

CJ/CL BL 
PARAMETER DEFINITION CONDITIONS MIN TYP MAX MAX UNITS 

Supply Current 
loo Quiescent 

Current Required From Positive Full Temp. Range 1.4 2.5 3.5 mA (N Package) 
(J Package) Supply During Operation V1NT CONY = OV 1.4 5.0 mA 

lss Quiescent 
Current Required From Negative Full Temp. Range -1.6 -2.5 -3.5 mA (N Package) 

(J Package) Supply During Operation V1NIT CONY = OV -1.6 -5.0 mA 

Supply Sensitivity Change in Full-Scale Gain vs 
Voo ± 1V, Vss ±1 v ±0.5 ±1.0 ±1.0 %/V Supply Voltage Change 

IVooi = IVssl = 5 V ± 1 V Change in Full-Scale Gain vs Supply 
Voltage Change for Tracking Supplies· 

NOTE: 
ltN and IREF pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 

Circuit Description 
During conversion the sum of a continuous current iiN and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. iiN is proportional to the analog 
input voltage; IREF is switched in for exactly one clock per
iod just frequently enough to maintain the summing input 
of the integrator near zero. Thus, the charge from the con
tinuous liN current is balanced against the pulses of IREF 
current. The total number of IREF pulses needed during the 

±0.05 ±0.1 ±0.1 ±0.1 %/V 

conversion period to maintain .the charge balance is counted, 
and the result (in BCD) is latched into the outputs at the end 
of conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required.count is reached, the clock coun
ter generates a pulse to start the end-of-conversion routine. 

7-312 



PRODUCT INFORMATION 

The other counter is a data counter, which is reset synchron
ously with the clock counter and counts the number of times 
the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 µs (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 

TSC8750 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 µs shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 µs. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit 
is busy, Initiate conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, 
at which time the output data are updated to reflect the latest 
conversion. 

Timing Diagrams (Rise, fall times= 200 ns typ .. CL= 50 pF) 

CLOCKED MODE FREE-RUN MODE 

INITIATE 
V1H 

CONVERSION 

VoH 

BUSY 
300M 
TYP 

Vol 

DATA 
VoH 

VALID 
Vol 

VoH 
DIGITS 

OUT 
Vol 

---CONVERSION TIME---

Pin Functions 
Initiate Conversion Input 
Accepts CMOS and most 5 V logic inputs. Applying a logic 
"1" to the Initiate Conversion pin initiates the AID conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic "O" for standby 
and taken to logic "1" when a conversion is desired. Forfree
running operation the Initiate Conversion pin is connec!ed to 
Voo or similar permanent logic "1" voltage. 

Busy Output 
A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 µA). A logic "1" 
output on the Busy pin indicates a conversion cycle is in 
process. A logic "1" to logic "O" transition indicates that con
version is complete and the result has been latched at the 
Digits Out pins. A logic "O" to logic "1" transition indicates a 

~>-----------

RECYCLE 
TIME -
'<2.Sµs 

new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 µs, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 
A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 µA). A logic "1" output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic "O" approximately 5 µs before the 
completion of a conversion cycle. During this 5 µs interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 
(ones, tens, hundreds and thousand) 

The BCD digit outputs which are the result of the AID con
version. These outputs are CMOS logic and low power TTL 
compatible. 
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TSC8750 
Applications Information 
Input/Output Relationships 
The analog input voltage (V1N) is related to the output by the 
transfer equation: 

Digital Counts= VIN • A • RREF 

R1N · VREF 

A= 4128 

where Digital Counts is the value of the BCD output word 
presented at Digits Out pins in response to V1N. 

The digital output code format is as follows: 

Analog Digital 
Input Output 

V1N::; Full-Scale 1100110011001 

= Full-Scale -1 LSB 1100110011001 
= 1 LSB 0 ... 000 ... 1 
::o:o 0 ... 000 ... 0 

External Component Selection 
Obtaining a high accuraccy conversion system depends on 
the voltage regulation of VREF and the thermal stability of R1N 
and RREF. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Voo and Vss. The supply con
nections Voo and Vss should have bypass capacitors of value 
0.1 µF or larger right at the device pins. 

R1N, REF 

Values of these components are chosen to give a full-scale 
input current of approximately 10 µA and a reference current 
of approximately ~20 µA. 

RIN = V1N Full-Scale 

10 µA 

Examples: 

R1N=~=1 MO 
10 µA 

RREF = VREF 

-20 µA 

RREF "' - 5.4 V = 320 kO 
-20 µA 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation .. In prac
tice, the value of R1N typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at V1N 
Full-Scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu
racy applications because of their thermal stability and low 
noise generation. 

RBIAS 

Specifications for the TSC8750 are based on Rs1As = 100 kO 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 

3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 

to affect the conversion time and the supply current. By 
decreasing RBIAS the A/D will convert much faster and the 
supply current will be higher. (For example: When Rs1As is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Rs1As is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rs1As 
= 1 mo the conversion time will be six times longer, and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN-9 typical performance curves. 

RDAMP 

Exact value not critical but should have a nominal value of 
100 o ±10%. Locate close to pin 14. 

CD AMP 

Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 

C1NT 

Exact value not critical but should have a nominal value of 
68 pF ±10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. 

VREF 

A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 

VDD, Vss 

Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 µF decoupling capacitors. 

Adjustment Procedure 
The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set V1N to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000 ... 000 ... to 000 ... 001 transition. This will 
correctly locate the zero end. 

• For full-scale adjustment, set V1N to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
a 1100110011000 to 1100110011001 transition. 

If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 
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Application/Design Circuits 
3 1/2 Digit A/D with LCD Display 

I 
I 

10 ~AF S 

v,,~-~---'VV'v-------4~-..__c~ 

INITIATE Voo 
CONVERSION 

..., .... TSC8750 CMOS 
3 1/2 DIGIT A/D CONVERTER 

Vss GNO 

Bipolar Operation (+ and - inputs) 

Absolute Value Circuit with Sign 

+5V 

TSC8750 

LS'Lf50H1 

RAEF 
-VREF o---------'IJV<.--------+----------<~ - - - ...J- - - - - --

1 
i--{_ ______ _ 

15 I 
--loo-------, 

I I 
II I 

R %R1N I 
.---'l.M.--+---'l.M.--+----..._-...__-1~ - .. - -i-'' I 

RoAMP 

MV5054* I coAMP 

~ -:-
~----o SIGN BIT 

LOG IC OUTPUT 
(1=+,0=-) 

"'Optional visual indication of negative input 

16 I .>--~--
---- -,+..,.."" ... 

~ ... 
TSC8750 ADC 

NOTE: Values for R should be between 10Kfl and 100Kil 
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TSC8750 
Microprocessor-Based ADC System 

+5 v cr--.-'19"-I 
CHS 

TSC508 

SENSOR 
INPUTS "" 

3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 

17 

16 

15 

24 MSB 14 

13 

12 
11 10 

PERIPHERAL 
INTERFACE 
ADAPTER 
(PIA) 

6821 
OR 
6521 

ANALOG I 
ANALOG 
MULTIPLEXER TSC8750 

*OFFSET CORRECTION 
IN SOFTWARE 

Package Information 

(Package #12) 
24-Pin Plastic Dip (J Package) 

IPIN1 

l 
.555 
.645 

~T'!'T'T'!"!.,.,.,..,..,..,.,..,..,.,..,..,.....J 
___ __.,. ! .045 

ii~ 
--l--~~:: 
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19 

-5V 
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(Package #13) 
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24 13 

[[[]II 
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BLOCK DIAGRAM 

CLOCK 

CONTROL 
LOGIC 

9 DISPLAY 
DU UPDATE 
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FEATURES 
• Accuracy: ±0.05% of Reading ±1 Count 
• Two Voltage Ranges: 1.999 V and 199.9 mV 
• Up to 25 Conversions Per Second 
• Z1N > 1000 M Ohm 
• Single Positive Voltage Reference 
• Auto-Polarity and Auto-Zero 
• Overrange and Underrange Signals Available 
• Operates in Auto Ranging Circuits 
• Uses On-chip System Clock or External Clock 
• Wide Supply Range: e.g., ±4.5 V to ±8.0 V 
• Available in Surface Mount Packages 

20·23 

Q0-03 
BCD DATA 

DS1-DS4 
DIGIT STROBE 

POLARITY 
DETECT 

OVERFLOW 

CMOS 
ANALOG 

SUBSYSTEM 

R1/C1 Ct 

INTEGRATOR OFFSET 

..,~ TSC14433 

QR OVERRANGE 

VOLTAGE 
VAG ANALOG GROUND 

Vx ANALOG INPUT 

Voo =PIN 24 
Vss "'PIN 13 
VEE =PIN 12 
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TSC14433 
TSC14433A 
TSC14433B 

3 1/2 DIGIT ADC WITH BCD OUTPUT 

GENERAL DESCRIPTION 
The TSC14433 is a low power, high

performance, monolithic CMOS 3 1/2 digit ND con
verter. The TSC14433 combines both analog and 
digital circuits on a single IC, thus minimizing the 
number of external components. This dual slope A/D 
converter provides automatic polarity and zero correc
tion with the addition of two external resistors and two 
capacitors. The full-scale voltage range of this ratio
metric IC extends from 199.9 millivolts to 1.999 volts. 
The TSC14433 can operate over a wide range of 
power supply voltages including batteries and standard 
5 volt supplies. 

The TSC14433 will interface with the TSC7211 A 
(LCD), tsC7212A (LED) and TSC700A (high LED 
current drive) display drivers. 

The TSC14433NB feature improved perform
ance over the industry standard TSC14433. Rollover, 
which is the measurement of an identical positive and 
negative signals, is guaranteed to have the same 
reading within one count for the TSC14433A, and 
within four counts for the TSC14433B. Power con
sumption of the TSC14433NB is typically 4 mW, 
approximately one half that of the industry standard 
TSC14433. 

Pin Configuration 

__ V_x(~m_a_x~)- X 2__ 
C1 :i.v 

:i.v = Voo -Vx (max) -0.5 

T= 4000X 1 

Where fcLK 
R1 is in kn 
Voo is. the voltage at pin 24 referenced to VAG 
Vx is the voltage at pin 3 referenced to VAG 
fCLK is the clock frequency at pin 10 in kHz 

NOTES: 

Applications 
• Portable Instruments 
• Digital Voltmeters 
• Digital Panel Meters 
• DigitalScales 
• Digital Thermometers 
• Remote ND Sensing Systems 
• MPU Systems 
• See Application Notes 19 and 21 

Ordering Information 
Temperature 

Part No. Package Range 

TSC14433ACJ 
TSC14433BCJ 24-pin Plastic Dip -40°C to +85°C 
TSC14433CJ 

TSC14433ACL 
TSC14433BCL 24-pin CerDIP -40°C to +85°C 
TSC14433CL 

TSC14433AELI 28-pin PLCC -40°C to +85°C 

60-Pin Plastic 
TSC14433BQ Flat Package: -40°C to +85°C 

Formed Leads 

Devices with 160 Hour, +125°C Burn-In 

TSC14433CJ/BI 24-Pin Plastic Dip -40°C to +85°C 

TSC14433CUBI 24-Pin CerDIP 

0 

~~~~1g@:?~~rl~d 

-40°C to +85°C 

"" " z z z 

1. NC= NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 ANO 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 

PINS IS APPROXIMATEL V v+. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Vss = o or VEE) 

RATING 

DC Supply Voltage 

Voltage, Any Pin, 
Referenced to VEE 

DC Current 
Drain Per Pin 

Operating Tempera
ture Range 

Storage Tempera
ture Range 

SYMBOL 

Voo to 
VEE 

v 

TsTG 

VALUE 

-0.5 to 
+18 

-0.5 to 
Voo +0.5 

10 

-40 to +85 

-65 to +150 

UNIT 

Vdc 

Vdc 

mAdc 

oc 

oc 

PARAMETER SYMBOL VALUE UNIT 

DC Supply Voltage -
Voo to Analog Ground 
VEE to Analog Ground 

Clock Frequency 

Zero Offset 
Correction Capacitor 

Voo 
VEE 

fCLK 

Co 

+5.0 to +8.0 
-2.8 to -8.0 

32 to 400 

0.1 ±20% 

Vdc 

kHz 

µF 

Note: This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that normal pre
cautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recom
mended that V1N and Vour be constrained to the range VEE::;; (VtN or Vour) 
::;; Voo. 

Electrical Characteristics: (C1=0.1 µF mylar, R1=470kO@VREF=2.000V, R1=27 kO@VREF=200.0mV, Co=0.1 µF, 
Re = 300 kn; all voltages referenced to Analog Ground, pin 1.) 

CHARACTERISTIC 

Rollover Error (Difference 
in reading for equal positive 
and negative reading near 
Full-Scale) 
-V1N ; +V1N: 200 mV Full-Scale 

Linearity Output Reading (Note 1) 
(VREF = 2.000 V) 
(VREF = 200.0 mV) 

Stability Output Reading (Note 2) 
(Vx = 1.990 V, VREF = 2.000 V) 
(Vx = 199.0 mV, 
VREF = 200.0 mV) 

Zero Output Reading 
(Vx = 0 V, VREF = 2.000 V) 

Bias Current -
Analog Input 
Reference Input 
Analog Ground 

Common-Mode Rejection 
(Vx = 1.4 V, VREF = 2.000 V, 
foe= 32 kHz) 

Output Voltage - Pins 14 to 23 
(Vss = 0 V) "O" Level 

"1" Level 
(Vss = -5.0 V) "O" Level 

"1" Level 

Output Current - Pins 14 to 23 
(Vss = OV) 

(VoH = 4.6 V) Source 
(VOL= 0.4 V) Sink 

(Vss = -5.0 V) 
(VoH = 4.5 V) Source 
(VOL = -4.5 V) Sink 

Clock Frequency (Re = 300 k!l) 

Input Current - DU 

Yoo Vee ~~~-~40~0~C=--~~~~~2_s_0_c~~~~~~~~-8S~°C~~~-
SYMBOL Vdc Vdc MIN MAX MIN TYP MAX MIN MAX UNIT 

14433A 
14433B 
14433 

VoL 
VoH 
VOL 
VoH 

IOH 
loL 

IOH 
lo 

fCLK 

lou 

5.0 -5.0 
5.0 -5.0 

5.0 -5.0 

5.0 -5.0 

5.0 -5.0 

5.0 -5.0 
5.0 -5.0 
5.0 -5.0 

5.0 -5.0 

5.0 -5.0 
5.0 -5.0 
5.0 -5.0 
5.0 -5.0 

5.0 -5.0 
5.0 -5.0 

5.0 -5.0 
5.0 -5.0 

5.0 -5.0 

5.0 -5.0 

4.95 

4.95 

-0.25 
0.64 

-0.62 
1.6 

7-319 

-1 +1 
-4 +4 

-0.05 +0.05 +o.05 
- -1 count - +1 count 

0.05 

-4.95 

±0.3 

4.95 

4.95 

0 

±20 
±20 
±20 

65 

0 
5.0 

-5.0 
5.0 

-0.2 -0.36 
0.51 0.88 

-0.5 -0.9 
1.3 2.25 

66 

-±0.00001 

3 

0 

± 100 
± 100 
± 500 

0.05 

-4.95 

±0.3 

4.95 

4.95 

-0.14 
0.36 

-0.35 
0.9 

0.05 

-4.95 

±1.0 

counts 

%rdg 

LSD 

LSD 

LSD 

pA 
pA 
pA 

dB 

v 
v 
v 
v 

mA 
mA 

mA 
mA 

kHz 

µA 

II 



TSC14433 
TSC14433A 
TSC14433B 

3 1/2 DIGIT ADC WITH BCD OUTPUT 

Electrical Characteristics: (C1=0.1 µF mylar, R1=470 k!1@VREF=2.000V, R1=27 k!1@VREF=200.0mV, Co=0.1 µF, 
Re = 300 k!l; all voltages referenced to Analog Ground, pin 1.) 

Yoo Vee -40°c 2s•c as•c 
CHARACTERISTIC SYMBOL Vdc Vdc MIN MAX MIN TYP MAX MIN MAX UNIT 

Quiescent Current 
14433A/B la 

5.0 -5.0 3.7 0.4 2.0 1.6 mA 
(Voo to VEE• lss 0 O) 8.0 -8.0 7.4 1.4 4.0 3.2 mA 

14433 la 
5.0 -5.0 3.7 0.9 2.0 1.6 mA 
8.0 -8.0 7.4 1.8 4.0 3.2 mA 

Supply Rejection 
(VDD to VEE, lss = 0, 5.0 -5.0 0.5 mV/V 
VREF = 2.000 V) 

Note: 
1. Accuracy - The accuracy of the meter at full-scale is the accuracy of the 

setting of the reference voltage .. Zero is recalculated during each conver
sion cycle. The meaningful specification is linearity. In other words, the 
deviation from correct reading for all inputs other than positive full-scale and 

zero is defined as the linearity specification. 
2. Three LSD stability. for 200 mV scale is defined as the range that the LSD will 

occupy 95% of the time. 
3. Pin numbers refer to 24-pin DIP. 

Pin Description 
PIN NO. PIN NO. 
60-Pin 24-Pln 

FP DIP 

7 

10 2 

12 3 

19 4 

22 5 
24 6 

25 7 
26 8 

27 9 

34 10 

36 11 

37 12 

SYMBOL 

VAG 

VREF 

Vx 

Ri 

Ri/C1 
C1 

C01 
C02 

DU 

CLK1 

CL Ko 

DESCRIPTION 

This is the Analog Ground. It has a high input impedance. This pin determines the 
reference level for the unknown input voltage (Vx) and the reference voltage (VREF). 

Reference voltage. Full-scale output is equal to the voltage applied to VREF. Therefore, 
full-scale voltage of 1.999 V requires 2.000 V reference and 199.9 mV full-scale requires a 
200 mV reference. VREF functions as system reset, also. When switched to VEE the 
system is reset to the beginning of the conversion cycle. 

The Unknown Input Voltage (Vx) is measured as a ratio of the reference voltage (VREF) 
in a ratio-metric A/D conversion. 

These pins are for external components used for the integration function in the dual slope 
conversion. Typical values are 0.1 µF (mylar) capacitor for C1. 
R1 = 470 k!l (resistor) for 2.0 V full-scale. 
Ri = 27 k!l (resistor) for 200 mV full-scale. 
Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for 
calculation of integrator component values. 

These pins are used for connecting the offset correction capacitor. The recommended 
value is 0.1 µF. 

Display Update input pin. When DU is connected to the EOG output every conver
sion is displayed. 
New data will be strobed into the output latches during the conversion cycle if a positive 
edge is received on DU. prior to the ramp-down cycle. When this pin is driven from an 
external source, the voltage should be referenced to Vss. 

Clock input pins. The TSC14433.has its own oscillator system clock. Connecting a single 
resistor between CLK1 and CLKo sets the clock frequency. 
A crystal or LC circuit may be inserted in lieu of a resistor for improved stability. 
CLK1, the clock input, can be driven from an external clock source, which need only 
have standard CMOS output drive. This pin is referenced to VEE for external clock inputs. 
A 300 k!l resistor yields a clock frequency of about 66 kHz. (See typical characteristic 
curves). (See Figure 9 for alternate circuits). 

Negative Power Supply. Connection pin for the most negative supply. Please note the 
current for the output drive circuit is returned through Vss. Typical supply current 
is 0.8 mA. 
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__________ T---=S=--=C14433B 
Pin Description 
PIN NO. PIN NO. 
60-Pin 24-Pin SYMBOL 

FP DIP 

39 13 Vss 

40 14 EOG 

41 15 OR 

49 16 DS4 

51 17 DS3 

52 18 DS2 

54 19 DS1 

5 20 Qo 

4 21 01 

57 22 Q2 
55 23 Q3 

6 24 Voo 

Typical Characteristics 

w 
~ .. 
~ i= 
~z 

~8 ,_,,, 
«=> 
§~ 
~,,, 

ZU> 
=- ~ 
gs~ -1 

DESCRIPTION 

Negative Power Supply for Output Circuitry. This pin sets the low voltage level for the 
output pins (BCD, Digit Selects, EOG, OR). When connected to analog ground, the output 
voltage is from analog ground to Voo. If connected to VEE, the output swing is from VEE 
to Voo. The recommended operating range for Vss is between Voo -3.0 volts and VEE. 

End of Conversion output generates a pulse at the end of each conversion cycle. 
This generated pulse width is equal to one half the period of the system clock. 

Overrange pin. Normally this pin is set high. When Vx exceeds VREF the OR pin is low. 

Digit Select pins. The digit select output goes high when the respective digit is selected. 
The MSD (1/2 digit) turns on immediately after an EOG pulse. 
The remaining digits turn on in sequence from MSD to LSD. 
To ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is 
included. 
Clock frequency divided by 80 equals multiplex rate. For example a system clock of 66 kHz 
gives a multiplex rate of 0.8 kHz. 

See Figure 12 for Digit Select Timing Diagram. 
BCD Data Output pins. Multiplexed BCD outputs contain 3 full digits of information 
during digit select DS2, 3, 4. 
During DS1, the 1/2 digit, overrange, underrange and polarity information is available. 
Refer to Truth Table. 

Positive Power Supply. This is the most positive power supply pin. 

4.0 ----1~1 ---~-----T-~ 

l 3.o '------'----~----'---'- ---"--T"--I ----",-____, 
..... VEE= -8 v I T 
~ -~ Voo=~V ' 

~ 2.0 e----+--'--l __ t--e----= ...... ~-+--+--+---+---i 
15 ~ 

"'=> ffi 8 NOTE: ROLLOVER ERROR IS THE DIFFERENCE IN 
c::: ti) -2 I-- OUTPUT READING FOR THE SAME ANALOG 

~ ~-----~-e~--~, ---+~--+---+=='""",,,,..--=cJ~-----1 

~ 3 J INPUTJSWITCHETD FROM PIOSITIVE (D NEGArlvE. 

j~ -31----+---+---~--+----l __ ~l __ _,__L~.--<---
:il 

-4 -3 -2 -1 

( IVool- IVEEI) - SUPPLY VOLTAGE SKEW (VOL TS) 

Figure 1: Typical Rollover Error vs. Power Supply 
Skew. 
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I 1.0 f----+-·v,-;; ~=_5-.,V""'""~-~+.,_::_·-:_--++ --------._I---_ ----.+l_----< 

-
0 Voo = +5 V I +---'--___j ___ +.,_----~ 

I 
-40 -20 20 40 60 80 

TA -TEMPERATURE (°C) 

Figure 2: Typical Quiescent Power Supply Current vs. 
Temperature. 
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TSC14433 
TSC14433A 
TSC14433B 
Typical Characteristics (Cont.) 

5.0 ~---~-----,------,.-----.---...., 

4.0 l-----l-----4c------+-----+----i 

" E. 
.... 
iii 3.0 -40'C 
0: 
0: 
::> 

" 
+25°C 

"' 2 2.0 
;;; +85°C 

I 
_c 

1.0 

1.0 2.0 3.0 4.0 5.0 

Vos - DRAIN TO SOURCE VOLTAGE (Vdc) 

Figure 3: Typical N-Channel Sink Current at Voo-Vss 
= 5 Volts. 

1okn 100kQ !Mn 

Re - CLOCK FREQUENCY RESISTOR 

Figure 5: Typical Clock Frequency vs. Resistor (Re). 

3 1/2 DIGIT ADC WITH BCD OUTPUT 

~3.0 

" -40'C E. 

~ -2.0 0: 
0: 
::> 

" w 

" 0: 
::> 
6l 
I 

-1.0 

_c 

-1.0 -2.0 -3.0 -4.0 -5.0 

Vos - DRAIN TO SOURCE VOLTAGE (Vdcl 

Figure 4: Typical P-Channel Source Current at Yoo 
-Vss = 5 Volts. 

4.0 

iii 3.0 
"' 2 
< 
J: 2.0 
" !! 
> 1.0 0 

iii 
::> a 

1:-s.5 V ~UPPL Y 

~ 
~ I" w 

ii: 
"' -1.0 

~ :t:--. t8V SUPPLY 

-......... 
g 
" -2.0 
I 

~ -3.0 
NOR"llf'LIZED iT 25'C 

-4,0 

-40 -20 20 40 60 80 

TA - TEMPERATURE (°C) 

Figure 6: Typical % Change of Clock Frequency vs. 
Temperature. 

CONVERSION RATE= CLOCK :6~4~~UENCV ±1.5% 

MUL Tl PL EX RATE"' CLOCK Fi~OUENCV 

Circuit Description wide range of power supply voltages are also advantages of 
this CMOS device. The system's auto-zero function compen-

The TSC14433 CMOS IC becomes a modified dual slope AID sates for the offset voltage of the internal amplifiers and 
with a minimum of external components. This IC has thecus- comparators. In this "ratiometric system,"theoutput reading 
tomary CMOS digital logic circuitry as well as the CMOS is the ratio of the unknown voltage to the reference voltage 
analog circuitry. It provides the user with digital functions where a ratio of 1 equal to the maximum count of 1999. It 
(Such as counters, latches, multiplexers) and analog lune- takes approximately 16,000 clock periods to complete one 
lions (such as operational amplifiers and comparators) on a conversion cycle. Each conversion cycle may be divided into 
single chip. six segements. Figure 7 shows the conversion cycle in 6 
Features of this sytem include auto-zero, high input impe- segments for both positive and negative inputs. 
dances and autopolarity. Low power consumption and a Segment 1 - The offset capacitor (Co), which compensates 
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START 

TIME 
SEGMENT 
NUMBER 

l 
END 

l 

Figure 7: Integrator Waveforms at Pin 6. 

for the input offset voltages of the buffer and integrator 
amplifiers, is charged during this period. However, the inte
grator capacitor is shorted. This segment requires 4000clock 
periods. 

During Segment 2 - The integrator output decreases to the 
comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the compara
tor is stored in the offset latches for later use in the auto-zero 
process. The time for this segment is variable, and less than 
800 clock periods. 

Segment 3 - This segment of the conversion cycle is the 
same as Segment 1. 

(A) CRYSTAL OSCILLATOR CIRCUIT 

""'" TSC14433 

BUFFER INTEGRATOR COMPARATOR 

c, 

R1 

Figure 8: Equivalent Circuit Diagrams of the Analog 
Section During Segment 4 of the Timing 
Cycle. 

Segment 4 - Segment 7 is an up-going ramp cycle with the 
unknown input voltage (Vx) as the input to the integrator. 
Figure 8 shows the equivalent configuration of the analog 
section of the TSC14433. The actual configuration of the 
analog section is dependent upon the polarity of the input 
voltage during the previous conversion cycle. 

Segment 5 - this segment is a down-going ramp period with 
the reference voltage as the input to the integrator. Segment 
5 of the conversion cycle has a time equal to the number of 
counts stored in the offset storage latches during Segment 2. 
As a result, the system zeros automatically. 

Segment 6 - This is an extension of Segment 5. The time 
period for this portion is 4000 clock periods. The results of 
the A/D conversion cycle are determined in this portion of the 
conversion cycle. 

(B) LC OSCILLATOR CIRCUIT 

10 
CLK 1 

CI ""'" TSC14433 

11 
CLK 0 

CI f =,'; "'[27LC 

10 pF< C1 AND C2< 200 pF FOR L = 5 mH ANDC = 0.01 µF, f"" 32 kHz 

Figure 9: Alternate Oscillator Circuits. 

Applications Information 
Figure 10 is an example of a 3 1/2 digit voltmeter using the 
TSC14433 with common-anode displays. This system require 
a 2.5 V reference. Full-scale may be adjusted to 1.999 V or 
199.9 mV. Input overrange is indicated by flashing a display. 

This display uses LEDs with common anode digit lines. 
Power supply for this system is shown as a dual ±5 V supply; 
however, the TSC14433 will operate over a wide voltage 
range (see recommended operating conditions, page 3). 
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TSC14433A 
TSC14433B 

0.1µF 15 

•R1 = 470 kH FOR 2 V RANGE 
R1 = 27 k H FOR 200 mV RANGE 

••MVLAR CAPACITOR 

...,~ 
TSC14433 

19 18 17 

051 
DS2 

23 

22 

21 

20 

13 

14 

16 

3 1/2 DIGIT ADC WITH BCD OUTPUT 

'5V 

SEGMENT RESISTORS 
150!! (7) 

101----'VV'v-------~ 

121----'VV\r--

131----VV\r--

141----'VV\r--

151---'VV"v---

161----VV\r--

11>----'VV\r-----1 
'--.--~ 

MINUS SlGN I g e d c IJ a 

Figure 10: 3 1/2 Digit Voltmeter-Common Anode Displays, Flashing Overrange 

O.lµF 470k 0.1µF 

...,~ 

TSC14433 

DS31--+--------------, 
DS2t-+-----~ 

DS1 
OOt-+---~ 

011--+---~ 

02 

0 

Figure 11: 3 1/2 Digit Voltmeter with LCD Display. 
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PRODUCT INFORMATION TSC14433 
TSC14433A 
TSC14433B 

~----------------------------------------~ 

EOC --1 f.--112 CLOCK CYCLE 

DS1 
1/2DIGIT 
(MSD) 

DS2 

DS3 

DS4 
(LSD) 

' -->i 18 CLOCK CYCLES .------

2 CLOCK CYCLES _JI 1--

Figure 12: Digit Select Timing Diagram 

The circuit in Figure 11 shows a 3 1/2 digit LCD voltmeter. 
The 14024B provides the low frequency square wave signal 
drive to the LCD backplane. Dual power supplies are shown 
here, however, one supply may be used when Vss is con
nected to VEE. In this case VAG must be at least 2.8 V above 
VEE. 

When only segment band c of the decoder are connected to 
the 1/2 digit of the display, 4, 0, 7 and 3 appear as 1. 

The overrange indication (03 = 0 and QO = 1) occurs when 
the count is greater than 1999, e.g., 1.999 V for a reference of 
2.000 V. The underrange indication, useful for autoranging 
circuits, occurs when the count is less than 180, e.g., 0.180 V 
for a reference of 2.000 V. 

CAUTION: If the most significant digit is connected to a dis
play other than a "1" only; such as a full digit display, seg
ments other than band c must be disconnected. The BCD to 
seven segment decoder must blank on BCD inputs 1010 to 
1111. 

TRUTH TABLE 

CODED CONDITION 
OFMSD 03 02 01 00 

+O 1 1 1 0 
-0 1 0 1 0 
+OUR 1 1 1 1 
-OUR 1 0 1 1 
+1 0 1 0 0 
-1 0 0 0 0 
+1 OR 0 1 1 1 
-10R 0 0 1 1 

Notes for Truth Table 

03 - 1/2 digit, low for "1", high for "O'' 
02 - Polarity: "1" ==positive, "O" =negative 

~ 16,400 CLOCK CYCLES 
BETWEEN EOC PULSES 

BCD TO 7 SEGMENT 
DECODING 

Blank 
Blank 
Blank 
Blank 

4 -1} Hook Up 
O - 1 only seg b 
7 - 1 and c to 
3-1 MSD 

00 - Out of range condition exists if QO = 1 When used in conjunction with 
03 the type of out of range condition is indicated, i.e, 03 = o -~OR or 02: 
~1 .. UR. 
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TSC14433 
TSC14433A 
TSC14433B 

3 1/2 DIGIT ADC WITH BCD OUTPUT 

DS1 DS2 

l I 
l l l 

DO D1 D2 D3 DO D1 D2 D3 

MULTIPLEXED 
BCD 

1{ I 

DO 

I 
l l 

D1 02 03 

053 054 

I 

11 
DO D1 02 03 

Voo __, POL 140428 Ct-- '--I c 140428 POL 1° POL 140428 ct---' '-- c 140428 POL t-- Von 

00 01 02 03 00 01 02 03 00 01 02 03 00 01 02 03 

I I I I I J l l 
DO D1 D2 03 DO D1 02 03 DO 01 02 03 DO D1 02 03 

Voo --1R 141758 c t--- Voo--; R 141758 ct-- Voo-R 141758 c r--,voo- R 141756 

00 01 02 03 00 01 02 03 00 01 02 03 00 01 02 03 

l tJ l l 111 1111 11LJ1 
Figure 13: Demultiplexing for TSC14433 BCD Data. 

INPUT Vx 0-------t 

0 1 -

,...~ - ..... =,.,..:--1 -=c [ 
TSC9491 '-----I 
REFERENCE 

~ r 

470k t 0.lµF 0.lµF 

r:T_jfJ_ 
R1 R1/C1 Cl COl C02 

Vx CLK 1 

VAG CLK 0 J 300 k 

DU 
5R 

EOC ...,~ oo 

RESISTOR NETWORK 
OR INDIVIDUAL RESISTORS* 

1------_;A-....1.BI-~ R 

TSC14433 01 

VAEF Q2 l----.----1C 

031-----+---ID 145118 d 1--t--JVV\r-+----~ 

Vssn +5V-LT 

Voo I--- [ l:ss Voo 11 
VeEh 

,__o~s~•-o~s3_os~2-o_s~1-~ _ ~ ----~vRvo"v--. 

ct--

For VA EF = 2.000 V 
Vx : 1.999 V full scale 

t For VA EF "' 200.0 rnV 
Vx: 199.9 mV full scale 
(change 470 kn to R1 = 27 k.12 
and decimal pomt position) 

VEE"* 
{MINUS) 

•5 v [~ J B BBJ 
*To increase segment current 
capability add two 75491 ICs 
between 14511Band Resistor 
Network. The use of the 1413 
as digit driver inc:reasesdigit 
current capability over the 75492. 
Peakdigitcurrentforaneight 
displayed1s7timesthesegment 
current. 

"*VEE canrangebetween-2.Sand 
-11 v. 

MINUS 
CONTROL 

AL TERNA TE OVER RANGE CIRCUIT 
WITH SEPARATE LED 

~---1/6 75492 

OR 

1/7 1413 

l 
75492 
OR 
1413• 

DIGIT !?RIVERS 

COMMON CATHODE 
LED DISPLAY 

Figure 14: 3 1/2 Digit Voltmeter with Low Component Count using Common Cathode Displays. 
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PRODUCT INFORMATION TSC14433 
TSC14433A 
TSC14433B 

~--------------------------------------------

3 

..,~ TSC9491 CJ 

t-A./\!V-...-----'.1(1~3~ 

24 

>Vee 
Vx 

V AG 01 21 
02 22 

03 23 

CLKO 

2A 
14 3A 

4A 

3 1B 

6 
28 

•5V •5V 

16 V• 

+-Vee 
27 

BO 

2Y 
28 

Bl 

3Y B2 

4Y 
30 

B3 

~"" TSC7212A 
LED DISPLAY 

Col DS1 19 31 01 

~--~c02 os2~1~8--1-+--------+-----------"'-lo2 
DS3 17 33 03 

~..- 0$4~1~6--+-+--------+---------~3'.:.14 04 

TSC 14433 

3 1/2 DIGIT 
A/D CONVERTER 

11 CK 

1'2 CD4013 

~----"-15 BRT 

OR 

12 15 

10 

1'2 CD4013 

DU "-'-~~---''-!CK 

EOC 

-5V 
~---------~ 

DISPLAY 
FLASHES ON 
OVERRANGE ~ 

Figure 15: TSC7212A Interface to TSC14433 3 1/2 Digit ADC. 

Figure 14 is an example of a 31/2 digit LED voltmeter with a 
minimum of external components (only 11 additional com
ponents). In this circuit the 145118 provides the segment 
drive and the 75492 or 1413 provides sink for digit current. 
Display is blanked during the overrange condition. 
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35 

36 
GND 

GND 

DRIVER 

Fl 

82 

NC 

TD 
LED 

Bl151' j 
C(3) 

NC 

NC 

+{21 

NC 'F 
Allll j 8(10) 

C(8) 

0(6) 

E(5l 

F(12) 

G(7J 

A(161 

8(151 

C(3) 

ow 
E(l) 

F(18) 

G(17) 

A(lll 

8(10) 

C(B) 

0(6) 

E(5J 

F(12) 

GO)• 

j 

j 

TD 
LED 

+5V r.. 

TD 
LED 

TD 
LED 

LED DISPLAY 

+I 
MONSANTO 

MAN 6630 

,-, ,, -
T1' !i• 
T1' 11• 

,-, ,, -
MONSANTO 

MAN 6610 

,-, ,, -
•Numbers in Parentheses Denote Pm 
Connections for Momanto Displays 
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..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

INTEGRATING CONVERTER 
ANALOG PROCESSOR 

FUNCTIONAL DIAGRAM 

CAz=1µf 

CREF = 1 µf 

TSCSOO 

FEATURES 
• Resolution • • • • • • • • • • • • • ~o.ooo counts +sign 
• Differential Analog Input 
• Differential Reference 
• Low Linearity Error • • • . • . . • . • • . • • • • • 0.005% 
• Fast Zero-Crossing Comparator • . • • • . . • • . 4 µs 
• Low Power Dissipation .•.•.•.••...•.• 10 mW 
• Auto-Zero Cycle Eliminates Zero-Scale Error & 

Drift 
• Zero Integrator Phase Speeds Recovery From 

Over-range Input Signals 
• Automatic Internal Polarity Detection 
• Low Input Current • • • • • . • • . • . • • . • • 15 pA Max 
• Wide Analog Input Voltage • • • • • • • • • • • • ±4.2 V 
• Microprocessor Control of Dual Slope ADC 

Conversion 

INT 

ANALOG 
SWITCH 
CONTROL 
SIGNALS 

CONTROi,. LOGIC 

A B CONVERTER STATE 

0 0 ZERO INTEGRATOR OUTPUT 
0 1 AUTO-ZERO (ZERO SCALE OFFSET/DRIFT CORRECTION) 

SIGNAL INTEGRATE 

DEINTEGAATE !REFERENCE VOLTAGE INTEGRATE! 

'W'TSC500 

PHASE 
DECODING 
LOGIC 

12 13 
A _ _3 

CONTROL LOGIC 

..... --+-15-0 GND 
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TSCSOO 

IMPROVED PERFORMANCE 
The improvements allow up to 20, 000 counts of resolution 
(plus sign) or faster conversion times for lower resolution 
applications. 

GENERAL DESCRIPTION 
The CMOS TSC500 contains all the analog circuits 

needed to construct an integrating analog-to-digital 
converter. The analog input buffer, integrator, analog 
switches, comparator and phase control logic are all on 
chip. 

The dual slope converter uses time to quantize the 
analog input signal. A microprocessor and software routine 
perform the digital function of "counting clocks" for the dual 
slope integrating converter process. The user can control 
resolution and conversion speed through software. The 
TSC500A analog building block can be used to contruct an 
8-bit or high resolution 4 1/2 digit converter by 
modifying software routines. 

A microprocessor controls the TSC500 through the A 
and B logic input signals. Four TSC500 phases are 
possible: auto-zero, signal integrate, reference integrate 
(deintegrate), and integrator zero output. 

The TSC500 comparator output provides polarity 
and integrator zero crossing information. The comparator 
output is always low when the integrator crosses zero 
during the deintegrate phase. This signals the end of a 
conversion to the processor. 

A precision dual slope integrating converter with 
automatic zero scale offset voltage and drift correction 
requires only a reference, three capacitors, a resistor and a 
controller. The TSC500 contains the analog circuits 
needed to construct a dual slope integrating converter with 
an auto-zero phase. A zero-integrator ouput phase can be 
selected to eliminate errors caused by out-of-range input 
signals. The zero integrator phase greatly improves 
recovery after an over-range conversion. 

The CMOS TSC500 operates from ±5 V supplies. 
Power dissipation in only 10 mW. Leakage currents at the 
differential inputs are a low 1 O pA. The TSC500 differential 
references inputs allows easy ratiometric measurements. 

*For 16 bit resolution see TSC500A data sheet. 
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INTEGRATING CONVERTER 
ANALOG PROCESSOR 

ORDERING INFORMATION 

Part No. Package 

TSC500CPE 
16-Pin 
Plastic Dip 

TSC5001JE 
16-Pin 
CerDIP 

TSC500COE 16-PIN S.0. 

Pin Configuration 

CPE/IJE 

COE 

ANALOG 
COMMON 

ANALOG 
COMMON 

Temperature 
Range 

0° C to 70° C 

-25° C to +85° C 

0°Cto 70°C 

System• 
Resolution 

4 1/2 digit 
(30ppm) 

4 1/2 digit 
(30 ppm) 

4 1/2 digit 
(30 ppm) 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Supply (Vs to Vs) .•.....•..•..••.••......• 18 v 
Positive Supply Voltage (Vs to Gnd) ....•..•.•. 12 V 
Negative Supply Voltage (Vs to Gnd) . • . . • . • • . -12 V 
Analog Input Voltage (VtN or VIN) . • • . . • • . . . Vs to Vs 
Logic Input Voltage •.•.••.. Vs + 0.3 V to Gnd - 0.3 v 

ANALOG 

TSCSOO 

Package Power Dissipation . . . • . . . . . . • . • • . . 0.5 W 
Ambient Operating Temperature Range 

CerDIP Package (I) .••...•.... -25° C to +85° C 
Plastic Package (C) . . • . . . • . • . • . 0° C to +70° C 

Storage Temperature ••...••.....• -55° C to 150° C 
Lead Soldering Temperature (60 seconds) . . • +300° C 

Electrical Specifications: TA= 25° C, Vs= ±5 V unless otherwise specified. CAz = CREF = 0.1 µf. 

TEST TSCSOO 
SYMBOL· PARAMETER CONDITIONS MIN TYP MAX UNIT 

Resolution Note 1 30 ppm 

ZSE Zero-Scale Error Note 1 0.005 % 

ENL End Point Linearity Note 1 0.005 0.01 % 

NL Best Case Straight Note 1,2 0.005 % 
Line Linearity 

DNL Differential 0.0025 % 
Non-Linearity 

TCzs Zero-Scale Over Operating 1.0 2.0 µV/° C 
Temperature Temperature Range 
Coefficient 

SYE Full-Scale 4 1/2 digit 0.01 % 
Symmetry Error Resolution 
(Rollover Error) 

Ratiometric V1N = VREF = 1.0 v 0.035 % 
Reading 

FSTc Full-Scale Over Operating 10 ppm/ 0 c 
Temperature Temperature Range 
Coefficient External 

Reference 
Tc=Oppm/°C 

liN Input Current V1N = 0 v 6 15 pA 

CMRR Common-Mode -1 V :5 Vern :51 V 80 dB 
Rejection Ratio 

CMVR Common-Mode Vs= ±5 V v; + 1.5 Vs - 1.5 v 
Voltage Range 

Integrator Vs= ±5 V ±4.1 v 
Output 
Swing 

Analog Input Vs+ 0.8 Vs - 0.8 v 
Signal Range 

eN Noise V1N = 0 v 30 µV p-p 
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INTEGRATING CONVERTER 
ANALOG PROCESSOR 

DIGITAL 
Electrical Specifications: TA= 25°C, Vs-= ±5 V unless otherwise specified. CAz = CReF = 0.1 µf. 

TEST TSC500 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Reference Input Vs+ 1.0 Vs - 1.0 v 
Signal Range 

VoH Comparator lsouRCE = 800 µA 4.0 v 
Logic 1 
Output 

VoL Comparator ls1NK = 4.0 mA 0.4 v 
Logic 0 
Output 

V1H Logic 1 3.5 v 
Input Voltage 

V1L Logic 0 1.0 v 
Input Voltage 

IL Logic Input Current Logic 1 or 0 0.05 1 µA 

to Comparator Delay 4 µs 

POWER 
Electrical Specifications: TA= 25° C, Vs= ±5 V unless otherwise specified. CAz-"' CReF = 0.1 µf. 

TEST TSCSOO 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Is Supply Current Vs= ±5 V, A= 1, B = 1 

Po Power Dissipation Vs= ±5 V 

Vs Positive Supply 
Operating 
Voltage Range 

Vs Negative Supply 
Operating 
Voltage Range 

vs-Vs Supply Operating 
Voltage Range 

Notes: 
1. Integrate time ;::: 200 mSec, Auto-Zero time ;::: 100 

mSec, V1NT (PEAK)= 4V 
2. End Point Linearity at ±1 /4, ±1 /2, ±314 FS after Full

Scale Adjustment. 
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PRODUCT INFORMATION 

TSC500 Operation Theory 
The TSC500 incorporates a system zero and 

integrator output voltage zero phase to the normal two 
phase dual slope measurement cycle. Reduced system 
errors, fewer calibration steps and a shorter over-range 
recovery time result. 

The TSC500 measurement cycle can use all four 
phases if desired. 

• System Zero 
• Analog Input Signal Integration 
• Reference Voltage Integration (Deintegrate Phase) 
• Integrator Output Zero 

Internal analog gate status is shown in Table 1 for each 
phase. 

Table 1: Internal Analog Gate Status 

Conversion 
Phase Internal Analog Gate Status 

Auto-Zero 
{A=O, 8=1) 

sw, sw~, sw;,, sw, sw" sw, sw,, 
Closed Closed Closed 

Input Signal 
Integration Closed 
(A=1, 8=0) 

Reference 
Voltage 
Deintegration 
(A=1, 8=1) 

Integrator 
Output 
Zero (A=O, B=O) 

Closed· Closed 

Closed Closed Closed 

Note: •Assumes a positive polarity input signal. sw;,, would be 
closed for a negative input signal. 

System Zero Phase (Auto Zero) 
During this phase, errors due to buffer, integrator and 

comparator offset voltages are compensated for by 
charging CAz (auto-zero capacitor) with a compensating 
error voltage. 

The external input signal is disconnected from the 
internal circuitry by opening the two sw, switches. The 
internal input points connect to analog common. The 
reference capacitor charges to the reference voltage 
potential through SWR. A feedback loop, closed around the 
integrator and comparator, charges the CAz capacitor with a 
voltage to compensate for buffer amplifier, integrator and 
comparator offset voltages. 

TSCSOO 
Analog Input Signal Integration Phase 

The TSC500 integrates the differential voltage 
between the + Input and - Input. The differential voltage 
must be within the device common-mode range. 

The input signal polarity is normally checked via 
software at the end of this phase. 

Reference Voltage Deintegration 
The previously charged reference capacitor is 

connected with the proper polarity to ramp the integrator 
output back to zero. 

Integrator Output Zero 
This phase guarantees the integrator output is at zero 

volts when the system zero phase is entered and that the 
true system offset voltages are compensated. This phase 
should be employed at the end of the Reference Voltage 
Deintegration phase. The Integrator Output Zero phase 
should be programmed to operate only until the output of 
the comparator returns "high" (1 ). Excess time may 
introduce charge injection errors. 

TSCSOOA Analog Section 
Differential Inputs (V1~ [Pin 11 ], Vi°N [Pin 1 O]) 

The TSC500 operates with differential voltages within 
the input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.8 V below the 
positive supply to 0.8 V above the negative supply. Within 
this common-mode voltage range a common-mode re
jection ratio is typically 80dB. full accuracy is maintained, 
however, when the inputs are no more than 1.5 V from 
either supply. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to 
saturate. A worst case condition exists, for example, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced. The integrator output can swing within 0.9 
volts of either supply without loss of linearity. 

Analog Common (Pin 5) 
Analog common is used as the v,N return during 

system-zero and reference deintegrate. If VIN is 
different from analog common, a common-mode voltage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications VIN will be set 
at a fixed known voltage (power supply common, for 
instance). A common-mode voltage will exist when VIN is 
not connected to analog common. 
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Differential Reference (V+REF [Pin 9], v-REF 

[Pin 8]) 
The reference voltage can be generated anywhere 

within one volt of the power supply voltage of the converter. 
Roll-over error is caused by the reference capacitor losing 
or gaining charge due to stray capacitance on its nodes. 
The difference in reference for(+) or(-) input voltages will 
cause a roll-over error. This error can be minimized by 
using a large reference capacitor in comparison to the stray 
capacitance. 
Phase Control Inputs (A [Pin 12], B [Pin 13]) 

The A,B unlatched logic inputs select the TSCSOO 
operating phase. The A,B inputs are r:iormally driven by a 
microprocessor 1/0 port or peripheral input/output chip. 

comparator Output 
By monitoring the comparator output during the fixed 

signal integrate time the Input signal polarity can be 
determined by the microprocessor controlling the con
version. The comparator output is high for positive signals 
and low for negative signals during the signal integrate 
phase (Figure 1 ). 

During the variable reference deintegrate phase the 
comparator output will make a high to low transition as the 
integrator output ramp crosses zero.· This' indicates the 
conversion is complete. The transition is used to signal the 
processor that the conversion is complete. 

The internal comparator delay is 4 µsec typically. 

Figure 1 shows the comparator output for large 
positive and negative signal inputs. For signal inputs at or 
near zero volts, however, the integrator swing is nonexistent. 
If .. common-mode noise is present, the comparator can 
switch several times during the signal integrate period. To 
ensure that the polarity reading is correct, the comparator 
output should be read and stored at the end of Signal 
Integrate. 

A "low" (0) on the TSCSOO, comparator, during the 
deintegrate phase, signals the processor thatthe conversion 
is complete. · 

INTEGRATING CONVERTER 
ANALOG PROCESSOR 

SIGNAL IN.'"""" I '."'"~' "":"""" 

INTEGRATOR I I 
OUTPUT' I ~ 

. ~ ZEAOCROSSIN~ 

COMPARd 
OUTPUT 

t 
A. Positive Input Signal 

··~· l""'' Ii :"'""'""T" 
INTEGRATOR 
OUTPUT I 

I 
I 
I 
I 
I 
I 

g~~;~~-AT.-oR-.. _ _,I 

' ZERO CROSSING 

L 
B. Negative Input Signal 

Figure 1: Comparator Output 

General Theory of Operation 
Dual Slope Conversion Principles 

The TSC500 is an integrating analog-to-digital 
converter building block. An understanding of the dual 
slope conversion technique will aid in following the detailed 
TSCSOOA operation theory. 

The conventional dual slope converter measurement 
cycle has two distinct phases: 

• Input Signal Integration 
• ReferenceVoltage Integration (Deintegration) 

The input signal being converted is integrated for a 
fixed time period. Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The TSC500 automatically switches in the proper 
polarity reference signal. The reference integration time is 
directly proportional to the input signal. (Figure 2) 

In a simple dual slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." The TSC500 comparator zero-crossing signals 
the processor to indicate the deintegrate cycle is complete. 
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PRODUCT INFORMATION 

~ ST-----_._ 
a: ,,,...--.-v ... 

TSC500 

CONTROL 
LOGIC 

1/0 

TSC500 

COMP OUT 

~ ""~--VIN" VFULLSCALE 

~ : VIN" 112 VFULLSCALE MICRO COMPUTER 

! 1~ T1NT---t--TDl1NT ~1 

Figure 2: Basic Dual Slope Converter with TSCSOO 

A simple mathematical equation relates the input 
signal, reference voltage and integration time: 

R1NT C1NT 
f T1NT 

V1N (t) dt = VREF T DEINT 
0 R1NT C1NT 

Where: 
VREF - Reference Voltage 
T1Nr ~ Signal Integration Time (Fixed) 
T oe1Nr = Reference Voltage Integration Time 

(Variable) 

For a constant V1N: 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. 

An inherent benefit is noise immunity. Input noise 
spikes are integrated or averaged to zero during the 
integration periods. Integrating ADCs are immune to the 
large conversion errors that plague successive approxi
mation converters in high noise environments. 

TIMER 

COUNTER 

Integrating converters provide noise rejection auto
matically with at least a 20 dB/decade attenuation rate. 
Interference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency 1 /T averaged over a period T is 
zero. 

Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference 
signals. The ability to reject such signals is shown by a 
normal mode rejection plot (Figure 3). Normal mode 
rejection is practically set to 50-65 dB, since the line 
frequency can deviate by a few tenths of a percent (Figure 
4). 

CRITERIA FOR CAz & CREF 

where: N = resolution (bits) 
iLEAKAGE "" 15pA 
V1Nr (see Fig. 2) 

This equation is for reference only. Use 0.1 µFd for all 
applications that have 2 or more conversions per second. 
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80~1 
70t-~,~---'""":t--11-+t+1H-~-+~t--t-t-t-i-+tl 
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~ 40 I- NORMAL ISIN (60 irT (1± DEV) ~ 
< MOOE = 20 LOG 100 
~ REJECTION . ·DEV 
o .._ 60 irT (1± f<iOl 
z 30r-

OEV = DEVIATION FROM 60 Hz 
T = INTEGRATION PERIOD 

20 .l .l .l ..l. I I I I I l _J _l _l_l_l_l 

0.01 .02 .04 .06 .08 0.1 0.2 0.4 0.6 0.8 1.0 

LINE FREQUENCY DEVIATION FROM 60 Hz (%) 

INTEGRATING .CONVERTER 
ANALOG PROCESSOR 

NORMAL 
MODE 
AE_JECTION 

T =...!.._SEC 
10 

20LOG --2-

'

SIN I ws\ I 
wsT -+-1+4.---l-+.\,-l=J~.+---l-l-1-\1--H-I 

2 

's = ~s T = ~~~~g~ATION 

8 10 20 30 40 60 80 100 

FREQUENCY !Hz) 

Figure 4: Integrating Converter Normal Mode Rejection 
Figure 3: Normal Mode Rejection vs. Input Frequency vs. 60 Hz Line Frequency Variations. 

Component Value Selection 
Integrating Resistor· ( R1Nrl 

The desired full-scale input voltage and output current 
capability of the input bufferand integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 20 µA drive current with minimal 
linearity error. R1NT is easily calculated for a 20µA full-scale 
current: · ·· · -

RiNT (MO) = Fuli~scate Input Voltage (V) ±20% 
20 

for loop stability during the integrator output zero 
phase, R1NT should be ;::: 50 Kn 

Reference Capacitor (CREF) 
A 0.1 µF capacitor is suggested. Larger values may be 

used to limit roll-over errors. Low leakage capacitor such as 
polypropylene are required. 

Auto Zero Capacitor (CAz) 
A 0.1 µF polypropylene capacitor is suggested 

Integrating Capacitor (C1NT) 
·The integrating capacitor should be selected to 

maximize integrator output swing. The integrator output will 
swing to within 0.8 V of Vs or Vs without saturating. 

Using the suggested 20 µA full-scale buffer output 
current, the integrating capacitor is easily calculated: 

CiNT. (T1NT) (VFs) 
Integrator Output Voltage Swing (R1NT) 

Where T1NT = Integration Period 
VFs = Full-Scale Input Voltage 

A very important integrating capacitor characteristic is 
dielectric absorption. Polypropylene capacitors give \jndetec
table errors at reasonable cost. Polystyrene and poly
carbonate capacitors may also be used in less critical 
applications. 

See TSCSOOA for package information and bonding 
diagram. 
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~f" TELEDYNE 
SEMICONDUCTOR 

TSCSOOA 
INTEGRATING CONVERTER ANALOG PROCESSOR 

FUNCTIONAL DIAGRAM 

ANALOG 
COMMON 

5 

FEATURES 
• Resolution . . . . . . . . . . . . . up to 16 bits +sign 
• Differential Analog Input 
• Differential Reference 
• Low Linearity Error . . . . . . . . . . . . . . . . . 0.003% 
• Fast Zero-Crossing Comparator . . . . . . . . . . 4 µs 
• Low Power Dissipation ............... 10 mW 
• Auto-Zero Cycle Eliminates Zero-Scale Error & 

Drift 
• Zero Integrator Phase Speeds Recovery From 

Over-range Input Signals 
• Automatic Internal Polarity Detection 
• Low Input Current . . . . . . . . . . . . . . . . 15 pA Max 
• Wide Analog Input Voltage . . . . . . . . . . . . ±4.2 V 
• Microprocessor Control of Dual Slope ADC 

Conversion 

ANALOG 
SWITCH 
CONTROL 
SIGNALS 

CONTROL LOGIC A B CONVERTER STATE 

0 0 ZERO INTEGRATOR OUTPUT 

0 1 AUTO-ZERO 

1 0 SIGNAL INTEGRATE 

1 1 DEINTEGRATE 

...,~TSCSOOA 

--~~~,~, -----------·------------- ----+,~,---;~13~----

A B 

CONTROL LOGIC 
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IMPROVED PERFORMANCE 
The TSC500A is an improved version of the popular 

TSC500. The improvements allow up to 16 bits of resolution 
(plus sign) or faster conversion times for lower resolution 
applications. 

GENERAL DESCRIPTION 
The CMOS TSC500A contains all the analog circuits 

needed to construct an integrating analog-to-digital 
converter. The analog input buffer, integrator, analog 
switches, comparator and phase control logic are all on 
chip. 

The dual slope converter uses time to quantize the 
analog input signal. A microprocessor and software routine 
perform the digital function of "counting clocks" for the dual 
slope integrating converter process. The user can control 
resolution and conversion speed through .software. The 
TSC500A analog building block can be used to contruct an 
8~bit or high resolution 16-bit converter by modifying 
software routines. 

A microprocessor controls the TSC500A through the A 
and B logic input signals. Four TSC500A phases are 
possible: auto-zero, signal integrate, reference integrate 
(deintegrate),. and integrator zero output. 

The TSC500A comparator output provides polarity 
and integrator zero crossing information. The comparator 
output is always low when the integrator crosses zero 
during the deintegrate phase. This signals the end of a 
conversion to the processor. 

A precision dual slope integrating converter with 
automatic zero scale offset voltage and drift correction 
requires only a reference, three capacitors, a resistor and a 
controller. The TSC500A contains the analog circuits 
needed to construct a dual slope integrating converter with 
an auto-zero phase. A zero-integrator ouput phase can be 
selected to eliminate errors caused by out-of-range input 
signals. The zero integrator phase greatly improves 
recovery after an over-range conversion. 

The CMOS TSC500A operates from ±5 V supplies. 
Power dissipation in only 1 O mW. Leakage currents at the 
differential inputs are a low 10 pA. The TSC500A differential 
references inputs allows easy ratiometric measurements. 

Although the TSC500A is pin-for-pin compatible with 
the TSC500, some programming constraints are imposed. 

See "Integrator Output Zero" 

PRODUCT INFORMATION 

ORDERING INFORMATION 

Part No. Package 

16-Pin 
TSC500ACPE Plastic Dip 

16-Pin 
TSC500AIJE CerDIP 

TSC500COE 16-PIN S.O. 

Pin Configuration 

CPE/IJE 

COE 

ANALOG 
COMMON 

ANALOG 
COMMON 

Temperature 
Range 

0° C to 70° C 

-25° C to +85° C 

0°C to 70°C 

.., .... 
TSCSOOA 

System 
Resolution 

16 bit 
(30 ppm) 

16 bit 
(30 ppm) 

16 bit 
(30 ppm) 
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INTEGRATING CONVERTER ANALOG PROCESSOR 

Absolute Maximum Ratings 
Supply (V; to Vs) . . . . . . . . . . . . . . . . . . . . . . . . . 18 v 
Positive Supply Voltage (V~ to Gnd) ........... 12 V 
Negative Supply Voltage (Vs to Gnd) . . . . . . . . . -12 V 
Analog Input Voltage (VTN or VIN) . . . . . . . . . . v; to Vs 
Logic Input Voltage ........ v; + 0.3 V to Gnd - 0.3 V 

ANALOG 

TSCSOOA 
Package Power Dissipation . . . . . . . . . . . . . . . . 0.5 W 
Ambient Operating Temperature Range 

CerDIP Package (I) ........... -25° C to +85° C 
Plastic Package (C) . . . . . . . . . . . . 0° C to +70° C 

Storage Temperature ............. -55° C to 150° C 
Lead Soldering Temperature (60 seconds) ... +300° C 

Electrical Specifications: TA= 25° C, Vs= ±5 V unless otherwise specified. CAz = CREF = 0.1 µf. 

SYMBOL PARAMETER 

Resolution 

ZSE Zero-Scale Error 

ENL End Point Linearity 

NL Best Case Straight 
Line Linearity 

DNL Differential 
Non-Linearity 

TCzs Zero-Scale 
Temperature 
Coefficient 

SYE Full-Scale 
Symmetry Error 
(Rollover Error) 

Ratiometric 
Reading 

FSTc Full-Scale 
Temperature 
Coefficient 

l1N Input Current 

CMRR Common-Mode 
Rejection Ratio 

CMVR Common-Mode 
Voltage Range 

Integrator 
Output 
Swing 

Analog Input 
Signal Range 

eN Noise 

TEST 
CONDITIONS 

Note 1 

Note 1 

Note 1 

Note 1,2 

Over Operating 
Temperature Range 

16 bit 
Resolution 

v,N = vREF = 1.0 v 

Over Operating 
Temperature Range 
External 
Reference 
Tc= 0 ppm/° C 

V1N = 0 V 

-1 V<::Vcm:S1 V 

Vs= ±5 V 

Vs= ±5 V 

V1N = 0 V 

8-13 

TSC500A 
MIN TYP MAX UNIT 

30 ppm 

0.003 % 

0.005 0.01 % 

0.003 % 

0.0025 % 

1.0 2.0 µV/° C 

0.006 % 

0.035 % 

10 ppm/ 0 c 

6 15 pA 

80 dB 

v~ + 1.5 v; - 1.5 v 

±4.1 v 

Vs+ 0.8 v; - o.8 v 

30 µV p-p 

II 



PRODUCT INFORMATION 

TSCSOOA 

DIGITAL 
Electrical Specifications: TA= 25°C, Vs= ±5 V unless otherwise specified. CAz = CREF = 0.1 µf. 

TEST TSC500A 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT ... 

Reference Input Vs+ 1.0 v~ - 1.0 v 
Signal Range 

VoH Comparator lsoURCE = 800 µA 4.0 v 
Logic 1 
Output 

VoL Comparator ls1NK = 4.0 mA 0.4 v 
Logic 0 
Output 

V1H Logic 1 3.5 v 
Input Voltage 

V1L Logic O 1.0 v 
Input Voltage 

IL Logic Input Current Logic 1 or O 0.05 1 µA 

lo Comparator Delay 4 µs 

POWER 
Electrical Specifications: TA= 25° C, Vs= ±5 V unless otherwise specified. CAz-= CREF = 0.1 µf. 

TEST TSC500A 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Is Supply Current Vs= ±5 V, A= 1, B = 1 

Po Power Dissipation Vs= ±5 V 

v~ Positive Supply 
Operating 
Voltage Range 

Vs Negative Supply 
Operating 
Voltage Range 

v~ -Vs Supply Operating 
Voltage Range 

Notes: 
1. Integrate time :::: 200 mSec, Auto-Zero time :::: 100 

mSec, V1NT (PEAK)= 4V 
2. End Point Linearity at ±1I4, ±1 /2, ±3/ 4 FS after Full

Scale Adjustment. 
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INTEGRATING CONVERTER ANALOG PROCESSOR 

TSC500A Operation Theory 
The TSC500A incorporates a system zero and 

integrator output voltage zero phase to the normal two 
phase dual slope measurement cycle. Reduced system 
errors, fewer calibration steps and a shorter over-range 
recovery time result. 

The TSC500A measurement cycle can use all four 
phases if desired. 

• System Zero 
• Analog Input Signal Integration 
• Reference Voltage Integration (Deintegrate Phase) 
• Integrator Output Zero 

Internal analog gate status is shown in Table 1 for each 
phase. 

Table 1: Internal Analog Gate Status 

Conversion 
Phase Internal Analog Gate Status 

Auto-Zero 
(A~O, B~1) 

SW, SW~, SWF.1 SWz SW" SW1 SWiz 

Closed Closed Closed 

Input Signal 
Integration Closed 
(A~1. s~o1 

Reference 
Voltage 
Deintegra~on 

(A~1, s~1 I 

Closed' Closed 

Integrator 
Output Closed Closed Closed 
Zero (A=O, B=O) 

Note: 'Assumes a positive polarity input signal. SWF.1 would be 
closed for a negative input signal. 

System Zero Phase (Auto Zero) 
During this phase, errors due to buffer, integrator and 

comparator offset voltages are compensated for by 
charging CAz (auto-zero capacitor) with a compensating 
error voltage. 

The external input signal is disconnected from the 
internal circuitry by opening the two SW, switches. The 
internal input points connect to analog common. The 
reference capacitor charges to the reference voltage 
potential through SWR. A feedback loop, closed around the 
integrator and comparator, charges the CAz capacitor with a 
voltage to compensate for buffer amplifier, integrator and 
comparator offset voltages. 
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Analog Input Signal Integration Phase 
The TSC500A integrates the differential voltage 

between the + Input and - Input. The differential voltage 
must be within the device common-mode range. 

The input signal polarity is normally checked via 
software at the end of this phase. 

Reference Voltage Deintegration 
The previously charged reference capacitor is 

connected with the proper polarity to ramp the integrator 
output back to zero. 

Integrator Output Zero 
This phase guarantees the integrator output is at zero 

volts when the system zero phase is entered and that the 
true system offset voltages are compensated. This phase 
should be employed at the end of the Reference Voltage 
Deintegration phase. The Integrator Output Zero phase 
should be programmed to operate only until the output of 
the comparator returns "high" (1 ). Excess time may 
introduce charge injection errors. 

TSC500A Analog Section 
Differential Inputs (V1~ [Pin 11 ], V1"N [Pin 1 OJ) 

The TSC500A operates with differential voltages within 
the input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.8 V below the 
positive supply to 0.8 V above the negative supply. Within 
this common-mode voltage range a common-mode re
jection ratio is typically 80dB. full accuracy is maintained, 
however, when the inputs are no more than 1.5 V from 
either supply. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to 
saturate. A worst case condition exists, for example, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced. The integrator output can swing within 0.9 
volts of either supply without loss of linearity. 

Analog Common (Pin 5) 
Analog common is used as the v,N return during 

system-zero and reference deintegrate. If VIN is 
different from analog common, a common-mode voltage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications VIN will be set 
at a fixed known voltage (power supply common, for 
instance). A common-mode voltage will exist when VIN is 
not connected to analog common. 

II 



TSCSOOA 

Differential Reference (V+REF [Pin 9], v-REF 

[Pin 8]) 
The reference voltage can be generated anywhere 

within one volt of the power supply voltage of the converter. 
Roll-over error is caused by the reference capacitor losing 
or gaining charge due to stray capacitance on its nodes. 
The difference in reference for (+)or(-) input voltages will 
cause a roll-over error. This error can be minimized by 
using a large reference capacitor in comparison to the stray 
capacitance. 

Phase Control Inputs (A [Pin 12], B [Pin 13]) 
The A,B unlatched logic inputs select the TSC500A 

operating phase. The A,B inputs are normally driven by a 
microprocessor 1/0 port or peripheral input/output chip. 

Comparator Output 
By monitoring the comparator output during the fixed 

signal integrate time the input signal polarity can be 
determined by the microprocessor controlling the con
version. The comparator output is high for positive signals 
and low for negative signals during the signal integrate 
phase (Figure 1 ). 

During the variable reference deintegrate phase the 
comparator output will make a high to low transition as the 
integrator output ramp crosses zero. This indicates the 
conversion is complete. The transition is used to signal the 
processor that the conversion is complete. 

The internal comparator delay is 4 µsec typically. 

Figure 1 shows the comparator output for large 
positive and negative signal inputs. For signal inputs at or 
near zero volts, however, the integrator swing is nonexistent. 
If common-mode noise is present, the· comparator can 
switch several times during the signal integrate period. To 
ensure that the polarity reading is correct, the comparator 
output should be read and stored at the end of Signal 
Integrate. 

A "low" (0) on the TSC500A comparator, during the 
deintegrate phase, signals the processor that the conversion 
is complete. (See "Interrupt Operator") 

PRODUCT INFORMATION 

SIGNAL INTEGRATE REFERENCE DEINTEGRATE 

INTEGRATOR I I 
OUTPUT~ I ~ 
~ ZERO CROSSING 

COMPARd 
OUTPUT 

t 
A. Positive Input Signal 

'""" l"'~ :I! :'""'"' "'"l"" 
INTEGRATOR 
OUTPUT 

'\ 
ZERO CROSSING 

COMPARATOR OUTPlJT ___ __, L 
B. Nega ve Input Signal 

Figure 1: Comparator Output 

General Theory of Operation 
Dual Slope Conversion Principles 

The TSC500A is an integrating analog-to-digital 
converter building block. An understanding of the dual 
slope conversion technique will aid in following the detailed 
TSC500A operation theory. 

The conventional dual slope converter measurement 
cycle has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a 
fixed time period. Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The TSC500A automatically switches in the proper 
polarity reference signal. The reference integration time is 
directly proportional to the input signal. (Figure 2) 

In a simple dual slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp
down." The TSC500A comparator zero-crossing signals 
the processor to indicate the deintegrate cycle is complete. 
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ANALOG 
INPUTo-1---0 

REF 
VOLTAGE 

TSCSOOA 

PHASE CONTROL 

POLARITY CONTROL 

' L___ _________ "--------+-+---4--_J 

0 

c 
0 
0 
~ 

.8V(min) COMP OUT 

1/0 

~ 
~ I 

~ VFULLSCALE 

VIN"" 1/2 VFULLSCALE MICRO COMPUTER 

- I._ T1NT --..~ T DEINT •I 

Figure 2: Basic Dual Slope Converter with TSCSOOA 

A simple mathematical equation relates the input 
signal, reference voltage and integration time: 

f T1NT 
VIN (t) dt = V REF T DEINT 

0 R1NT C1NT 

Where: 
VREF Reference Voltage 

T1NT Signal Integration Time (Fixed) 

T DE/NT = Reference Voltage Integration Time 
(Variable) 

For a constant V1N: 

= v REF T DE/NT 
T1NT 

TIMER 

COUNTER 

Integrating converters provide noise rejection auto
matically with at least a 20 dB/decade attenuation rate. 
Interference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency 1 /T averaged over a period T is 
zero. 

Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference 
signals. The ability to reject such signals is shown by a 
normal mode rejection plot (Figure 3). Normal mode 
rejection is practically set to 50-65 dB, since the line 
frequency can deviate by a few tenths of a percent (Figure 
4). 

CRITERIA FOR CAZ & CREF 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. where: N = resolution (bits) 

/LEAKAGE = 15pA 
v,NT (see Fig. 2) An inherent benefit is noise immunity. Input noise 

spikes are integrated or averaged to zero during the 
integration periods. Integrating ADCs are immune to the 
large conversion errors that plague successive approxi
mation converters in high noise environments. 

This equation is for reference only. Use 0.1 µFd for all 
applications that have 2 or more conversions per second. 
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::~ 
~ ~ 
z ~ 
0 60l---+--+-+-+-+-+Hll6..--+--+--+-+-+-+++I 

~ ~~0.1SEC 1 
~ so 1---+--+-+-+-+-+t+t--+L__,~~t-t-+-t-++1 

~ ~ 
~ 40 r NORMAL ISIN (60 rrT (1± DEV)~ 
<t MODE = 20 LOG 100 
~ REJECTION DEV 
~Jot- 60rrT(1± 100 1 

DEV = DEVIATION FROM 60 Hz 
T = INTEGRATION PERIOD 

20 ....____..J___.._L_J_.__l_.._J_.._._l_ ..... j_l_.._.J_ __ j_.._J....._._J__.J. ..... j_....,...Ll~ 

0.01 .02 .04 .06 .OB 0.1 0.2 0.4 0.6 0.8 1.0 

PRODUCT INFORMATION 

°t: =-lo- SEC 

NORMAL 
MOOE 

-30 REJECTION 

-20 /

SIN ( w5T) I 
20LOG - 2 

w~ -+f~r--+-H.~f""'-+--+l-1-\+--+-+-I 
2 

f = .:'..§_ T = INTEGRATION 
5 2w ' PERIOD 

20 30 40 60 80 100 

FREQUENCY (Hz) 

LINE FREQUENCY DEVIATION FROM 60 Hz (%) Figure 4: Integrating Converter Normal Mode Rejection 

Figure 3: Normal Mode Rejection vs. Input Frequency vs. 60 Hz Line Frequency Variations. 

Component Value Selection 
Integrating Resistor ( R1NT) 

The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 10 µA drive current with minimal 
linearity error. R1NT is easily calculated for a 1 OµA full-scale 
current: 

R1NT (MO)= Full-Scale Input Voltage (VJ ±203 
10 

For loop stability during the integrator output zero 
phase, R1NT should be ::::: 50 KO 

Reference Capacitor (CREF) 
A 0.1 µF capacitor is suggested. Larger values may be 

used to limit roll-over errors. Low leakage capacitor such as 
poly-propylene are required. 

Auto Zero Capacitor (CAz) 
A 0.1 µF polypropylene capacitor is suggested 

Integrating Capacitor (C1NT) 
The integrating capacitor should be selected to 

maximize integrator output swing. The integrator output will 
swing to within 0.8 V of V~ or Vs without saturating. 

Using the suggested 10 µA full-scale buffer output 
current, the integrating capacitor is easily calculated: 

CiNT = (T1NT) (VFs) 
Integrator Output Voltage Swing (R1NT) 

Where T1NT = Integration Period 
VFs = Full-Scale Input Voltage 

A very important integrating capacitor characteristic is 
dielectric absorption. Polypropylene capacitors give undetec
table errors at reasonable cost. Polystyrene and poly
carbonate capacitors may also be used in less critical 
applications. 
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TSCSOOA 
TSC500A Design Example (see "Component Selection Example") 

TIMING CONDITIONS A) AZ PLUS ?I 

[!) INI 

TSCSOOA 

CoNl 1µF 

R1NT 

c,,, 01 µF 

Ci DEINT 

0) CLOCK PERIOD 

EJ v,~ 

V's 16 

t)NlJ 15 

v· 11 
IN 

VIN 10 

TSC500A to IBM PC/XT Printer Port 

10µF 

v~ 

10,000 CLK PERIOD (40mSec) 

10,000 CLK PERIOD (40mSecl 

V,N (VOL TS) 10,000 CLK PERIOD (14 BITS! 

4µSec 

125V TYPICAL WAVEFORMS 

Pl~ 

I I I 

PIJ:L 
I 

I I I 

I 

:A: 
Pl~: """--

' ' ' 
NEC; VIN : n 
Pl~L_ 

--~10pF 

l v 

01 µF 

..,'"" 
TSC04 

10KO 

1V•REF f-'9~-..------< 
01 µF 

41111>o. 
13 B ,.'11111111 

,_ _ _,,,_~1---t4 COMP 

IBM PC/XT 
ANALOG 

GND COMMON 

15 
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TSCSOOA 

Noise 

Low VRE• Normal VRE• High VREF 

SLOPE(S)= ~ 
R1NTC1NT 

Nrn = Noise Threshold 

1) The threshold noise (NTH) is the algebraic sum of the 
integrator noise and the comparator noise. This value is 
typically about 30µVolts. The graph shows how the value of 
the reference voltage can influence the results of the final 
count. 

±8 

F.. ±7 
a: ±6 
0 
~ ±5 
w 
~ ±4 
::::> 
8 ±3 

±2 

±1 

±0 

1 

~ 
~ 
~ 
~ 

50 100 150 200 250 300 350 400 

INTEGRATION TIME (mSec) 

2) Errors caused by the low frequency buffer noise may be 
reduced by increased integration times. The graph shows 
an approximate relationship. 

Signal to Noise Ratio: 

S/N (dB) = 20 Log ( ~ ToNT ) 
30µV • RoNT • C1NT 

Overshoot 

INTEGRATOR 
OUTPUT 
(PIN 1) 

COMPARATOR 
OUTPUT (PIN 14) LJ 

I- INTEGRATE __ I DEINTEGRATED PHASE -----1 ~INTEGRATOR 
. PHASE t---- ZERO PHASE 

The maximum performance of the TSC500A requires that 
the overshoot at the end of the Deintegration phase be 
minimized. Also, the Integrator Zero phase must be 
terminated as soon as the comparator output returns to 
"high" (1 ). 
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TSCSOOA 
TSC 500A Applications 

'GND' ··vcc" 

•5V 

' c, 
2 4 

8 •5V R, 

Rm 19 TSC7660 
CJ .. rn n J ("""· 

'V 

J:c. 
1a 

""'" 
'1" Ro 11 

1b 
~ Rn t-

20 
~ 2a ~ 2' .1'" c£ 10 Da 18 11 V'V' Bee c,, C,, C~ce Ce,~ rv 2b 

.:;: J: '" ""'" TSC500A COMP 14 
10VN REF I 21 3a Db 2 

_f_c. VS GND AC LO A 8 V+REF 

R,<' 3' R'" 9 3b c, 8 ;. 2 15 5 12 13 9 
27 lb TSC401 _:,:,: 

22 4a ""'" 
-AR, 

4' (')\ "Tc• 8 4b -5V 

Rm c, ~ 
23 Sa 

5' ~,:.: "Tc, GND 
7 Sb IV 

R,, 
24 6a 

6' .:~,_ _f_c,, 6 Sb N 

.:x 25 7a 
Ao 

T' .:" _fc,, A, 
5 7b 

A, 
R24 16 

EN ryv ~ 1 Ba 
8' 

R,, C,14 Bb 

' -- ' 
. 
* ,-, 

* Connects VREF to channel a 

TSC500A Application List of Materials 
Resistors 
430 K 

1 K 16 R9,R10,R11, R12, R13, 
R14, R15, R16, R17, R18, 
R1 9, R20, R21, R22, R23, 
R24 

33K 1 R2 
------

18K 1 R25 
-----------

10 K 5 R1, R3, R4, R5, R7 

2 K R6 

10 K POT RB 

Capacitors 

10 µTANT 

.22µ POLY 

3 C2, C3, C4 

C1NT 

.1 µCEA 

.1 µPOLY 

Integrated Circuits 

TSC500A 

TSC7660 

TSC401 

TSC04 

Miscellaneous 
CONNECTOR 

PC BOARD 
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9 

2 

.. 
R,? 

R,, ~ 
~ 

R, 

rf' TSC04 

R,< ;'!> 

C1, C5, C6, C7, CB, 
C9, C10, C11, C12 

CREF, CAZ 

ANALOG PROCESSOR 

DC-DC CONVERTER 

DUAL 8 CHAN ANALOG 
MUX 

REFERENCE DIODE 
(1.23V) 

25 PIN "D" 
(SOLDER CUP, MALE) 

TSC500A 

• 
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Interrupt Operation 

The comparator output stays low during the Integration 
phase (A=1, B=O) whenever the input polarity is negative. In 
those cases where the input polarity is negative AND very 
near zero, the zero-crossing occurs before the comparator 
has had a chance to go positive. Thus, no negative-edge 
will be generated and the microprocessor will not be interrupted. 

INTEGRATION WAVEFORM 

INTEGRATION TIME 

COMPARATOR OUTPUT 

PRODUCT INFORMATION 

DEINTEGRATION TIME 

.--.--COMPARATOR DELAY 

,---, 
I ... , .. ----IDEAL 

I I 
: I /ACTUAL 

---------------------------------------------=-'---" 

With a negative input voltage which is very near zero, 
the output of the comparator doesn't have enough time to 
get full positive. This anomaly is caused by the comparator 
delay and rise time limitations. 

One solution to overcome this condition is to have the 
microprocessor monitor the comparator output. It can then 
end the Deintegration phase as soon as it sees a zero. 

Another solution is to have the microprocessor enable 
the interrupt and look atthe comparator output. If the output 
is high then the interrupt will be properly triggered. If the 
output is low then end the De integration phase and disable 
the interrupt. 

Either solution will produce reliable low voltage conversions. 
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TSCSOOA Rate of Conversion 

The conversion time for the TSC500A is a function of 
many variables and constants. The dominate component is 
C1Nr. The following is a graph based on the equation: 

Conversion Time (sec)= .4 x C1Nr (µF) x (2 + (V1N I VREF)) 

The assumptions for this equation are suggested but 
not strictly required. They are: 

Auto Zero Time (T Az) = Integration Time (T1Nr) 
Peak integration voltage V1Nr = 4.0 Volts 
Maximum buffer current (V1N (max) I R1Nr) = 1 O µAmps 

TSCSOOA 

Conversion Rate vs Input Voltage Ratio for different values of C1NT 

~ ·~ l \ \ ! 1 

.2 .3 .4 .5 .7 4 

Conversions/Sec 

TSCSOOA Component Selection Example 

Known: 1) Supply Voltage for TSCSOOA (VsuP) 
(V1N1MAXJ) 

(T1Nr) 
(N) 

(tcwcK) 

2) Maximum Input Voltage 
3) Integration Time 
4) Output Resolution (Bits) 
5) Clock Period 

Assume: VsuP = ±SV 
V1N1MAXI = ±2.SV 
T1Nr = 40 mSec 
N = 14 bits 
tcLOCK = 4 µSec 

Vsue = IVsuel 
V1NIMAXI = IV1N1MAXll 
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Step 1: 

20 30 40 50 

Calculate R1Nr RiNr = 

where lsuF 1MAx1 = 1 OµA 

2.5V 

70 

V1N(MAXJ 

lsuF !MAX) 

100 

R1NT= ~ =250K 

• 



TSCSOOA 

Step 2: Calculate C1Nr C1Nr = TiNr leuF<MAxi 
V1NT 

where V1Nr = VsuP-1V = 4V 

40 mSec 10µA 
C1NT = 4V = 0.1 µF 

Step 3: 

Step 4: 

Results: 

Calculate V REF V REF = 

where T oE•Nr = 2N lcLocK 

VINT C1NT R1NT 
T DEINT 

_4_V_0°"'.1""µ"-F-=2-=;50'-'-K'-- = 1.525 .... V 
2NhocK 

K1NT = T1NT Calculate Integrate Count 
·tcLOCK 

Kn·ir = ~4-0-m~S_e_c_ = 10,000 Counts 
4µSec 

K1NT 10,000 
KoEINT = V1N -v-- = v,N 1 525 ·V 

REF I ... 

where KoE1Nr = Number of Clock Periods during T 0E1Nr 

Normalization: 
The Reference Voltage can be adjusted to scale the Deintegrate 
Count to be directly equivalent to the Input ,Voltage. 

Since: K1NT 
--V-R-EF-- = Counts/Volt 

If: V REF is adjusted such that 

VREF = 10000 counts/volt 
10000 Counts _ 1.00V 

10000 Counts/Volt 

Then: KoEINT = __ V=•N __ and N "' 14.61 bits 
100µV 

e.g. If KoE1Nr = 18357 Counts 
Then v,N = 1.8357 Volts 
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~~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

15-BIT PLUS SIGN 
INTEGRATING ANALOG 
TO DIGITAL CONVERTER 

FUNCTIONAL DIAGRAM 

"""' TSCSOO 

PIN NUMBERS FOR 40-PIN DIP 
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TSC800 
FEATURES 
• 15 Bit Resolution Plus Sign Bit 

- 96 dB Dynamic Range 
• Integrating Dual Slope Converter 

- Monotonic 
- Eliminate 50/60 Hz "Line" Interference 
- High Noise Immunity 
- Auto Zero Cycle Eliminates Trimming 
- Incorporates Integrator Zero Cycle for Fast 

Overload Recovery 
• Three State Data Bit/Sign Outputs 

- 8or16 Bit Parallel Data Transfer to µ-Processor Bus 
• UART Control Signals 

- Serial Data Transmission 
- "Handshake" Data Transfer 
- Distributed Control Systems 
- Fiber Optic Transmission Systems 

• Easy Conversion Cycle Monitoring and Control 
- Data Valid Output Signal 
- Continuous or Convert on Command Operation 

• High Impedance Differential Input 
- 15 pA Maximum Input Current 

• Low Input Noise . . . . . . . . . . . . . . . . . . . . 15 µVp_p 
• On Chip Crystal Oscillator for 2.5 Conversions/Sec. 

- fxtal = 2.4576 MHz 
- 100 msec Integration Period Rejects 50, 60, 400 

Hz Interference Signals 
• Convenient ±5 V Supply Operation 

- Low Power Dissipation . . . . . . . . . . . . . 20 mW 
• Static Discharge Protected Inputs 
• Available in 60-Pin Flat Package 

CONV/STIW DVD OSC OSC OSC BUF 
2 1 CONOSC 

II 



GENERAL DESCRIPTION 
The TSC800 is a 15-bit plus sign integrating 

analog to digital converter. The TSC800 improves the 
conventional two cycle dual slope conversion cycle by 
incorporating system zero and integrator output zero 
phases. Offset error sources are automatically zeroed 
and overrange recovery ti me is reduced. The integrating 
conversion technique is immune to the noise spikes 
that introduce conversion errors in successive approxi
mation converters. 

The externally adjustable clock allows integra
tion periods which are integral multiples of 50 Hz or 60 
Hz for maximum power-line noise rejection. By using 
the 2.4576 MHz crystal oscillator mode (2.5 CO NV/SEC) 
50, 60 and 400 Hz signals are rejected. 

Microprocessor interface signals support single 
byte (16-bit) or two byte (8-bit) parallel data transfers. A 
"handshake" operating mode supports serial data 
transmission via a UART A serial count output is 
derivable by gating the clock signal with data valid 
(DVD). The count output pulses may be used in serial 
fiber optic transmission systems. 

Pin Configuration 

15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL CONVERTER 
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The high impedance differential inputs, 5 pA 
input leakage current, 16-bit dynamic range and inter
face control signals make the high resolution TSC800 
the ideal analog to digital converter for process control, 
data logging and "intelligent" measurement systems. 

Ordering Information 

Part No. Package 

TSC800CPL 40-pin Plastic DIP 

TSC8001JL 40-pin CerDIP 

TSC800MJL 40-pin CerDIP 

TSC800CLW 44-pin Plastic 
Leaded Chip Carrier 

TSC800CBQ 60-pin Plastic Flat 
Package: Formed 
Leads 

0 I~ Ii I~ i3 
z z 
8 < 

i tf I~ o lz I~ g u u 0 B ~ 0 
u ~ z z z 

1. NC~ NO INTERNAL CONNECTION 
2. PINS 8, 23. 38 AND 53 ARE CONNECTED 

TO THE DIE SUBSTRATE. 'THE POTENTIAL AT THESE PINS 
IS APPROXIMATEL vv+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

Temp. Range 

COM 

IND 

MIL 

COM 

COM 



PRODUCT INFORMATION 

Absolute Maximum Ratings2 

Positive Supply Voltage (Vs to Gnd) ............. +6.2 v 
Negative Supply Voltage (Vs to Gnd) ............. -9.0 V 
Analog Input Voltage (V+1N or V11ii) ............. Vs to Vs 
Voltage Reference Input (VREF) ................ Vs to Vs 
Logic Input Voltage . . . . . . . . . . Vs+ 0.3 v to Gnd - 0.3 v 
Package Power Dissipation 

CerDIP Package .................. 1 Watt@ +85°C 

TSC800 

Plastic Package .................. 0.5 Watt @ +70° C 

Ambient Operating Temperature Range 
CerDIP Package (MJL) .......... -55°C to +125°C 

(IJL) ............. -25° c to +85° c 
Plastic Package (CPL, CBQ, CSQ) ... 0° C to + 70° C 

Storage Temperature ................... -55°C to 150°C 
Lead Soldering Temperature (60 Seconds) ...... +300° C 

Electrical Characteristics: Vs= ±5 V, Conversion Rate= 2.5 CONV/SEC, Crystal Frequency= 2.4576 MHz, 
TA = 25° C, Full-Scale Voltage= 3.2768 V, Note 1. 

TEST TSCSOO 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VzsE Zero-Scale Error Vin= 0 V ±0.5 LSB 

Best Straight Line 
2 NL Non-Linearity - Full-Scale 1.3 2 LSB 

s V1N s + Full-Scale 

End Point 
3 NL Nonlinearity - Full-Scale 2.8 LSB 

A s V1N s + Full-Scale 
N 4 DNL Differential Non Ii nearity ±0.5 LSB A 
L Vin= 0 V, TA= 25°C 5 15 pA 
0 

5 iiN Input Current 0° C S TA S 70° C 25 125 pA G 
-25°C STAS 85°C 70 175 pA 

I -55°C s TA s 125°C 2.5 7.5 nA 
N 
p Common-Mode Over Operating Vs Vs v u 6 Ve MR Input Range Temp. Range +1.5 v -1.0 v 
T 

7 CMRR 
Common-Mode Vin= 0 V 

80 µVIV 
Rejection Ratio Vern= ±1 V 

Full-Scale Gain External Ref. Temperature 
1.5 5 

ppm 
8 VFSTC Temp. Coefficient Coefficient= O ppm/°C oc 

0° C S TA S 70° C 

9 VzsTc 
Zero-Scale Error Vin= 0 V 

0.8 2 
µV 

Temp. Coefficient 0° C S TA S 70° C oc 

10 VsvE 
Full-Scale Magnitude 

Vin= 3.27 V 2 LSB 
Symmetry Error 

11 EN Input Noise 
Not exceeded 15 µVpp 
95% of time 

12 tconv Conversion 2.5 Conv 
Speed Sec 

D 
13 VoH Output High Voltage I lo= 100µA 3.5 4.4 v 

G 14 VoL Output Low Voltage lo= 1.6 mA (Note 4) 0.18 0.4 v 
I 
T 
A 

15 lop Output Leakage Current High Impedance State 0.1 µA 

L Control Pin Pins 18, 19, 20 µA 16 lcp 
Pullup Current Pin 21 = 0 V, Vo= 2 v 

5 

17 V1H Input High Voltage Pins 18-21, 26, 26 2.5 v v 
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15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

TSC800 
Electrical Characteristics: Vs= ±5 V, Conversion Rate = 2.5 CONV/SEC, Crystal Frequency= 2.4576 MHz, 
TA= 25°C, Full-Scale Voltage= 3.2768 V, Note 1. 

TEST TSC800 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

18 V1L Input Low Voltage Pins 18-21, 26, 27 v 

19 l1p Input Pin Pullup Current Pins 26,27 V = 2 V 5 µA 

20 l1p Input Pin Pullup Current Pin 17, 24 V = 2 V 25 µA 

21 110 
Input Pin Pin 21 

5 µA 
Pulldown Current V=3V 

22 losc1 Oscillator Output Current Vo= 2.5 V 1.0 mA 

23 IBUFOSC 
Buffered Oscillator 

Vo= 2.5 V 5 mA 
D Output Current 
I 

G 24 C1N Input Capacitance Pin 18, 19 50 pF 
I 

BUS/Hand Control Pin T 25 Tpw Pin 21 70 ns 
A Minimum Pulse Width 
L 

Byte Enable 
26 TwBE Pulse width 

Note 1 350 200 ns 

27 TwcE 
Chip Enable 

Note 1 400 250 ns 
Pulse Width 

28 TABE 
Byte Enable 

Note 1 200 350 ns 
Access Time 

29 TACE 
Chip Enable 

Note 1 250 400 ns 
Access Time 

30 ToHB 
Data Hold From 

Note 1 140 300 ns 
Byte Enable Change 

31 ToHC 
Data Hold From 

Note 1 240 400 ns 
Chip Enable Change 

p 
32 Is Positive Supply Current 2.0 3.5 mA 0 

w 
E 33. Is Negative Supply Current 2.0 3.5 mA R 

Notes: 4. For Pins 18, 19, 20 lo= 750 µ.A. 
1. Parallel Data Transfer (BUS/Hand= 0.). See Figure 1 5. Crystal source (2.4576 mHz) 
2. Operation at or above the absolute maximum stress ratings is not a. DIGl-KEY Corp 

implied. Highway 32 South 
3. Static sensitive device. Unused devices must be stored in conductive P.O. Box 677 

material. Protect devices from static discharge and static fields. Thief River Falls. MN 56701-9988 
1-800-344-4539 
Part No. X047 
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PRODUCT INFORMATION 

TSC800 
Pin Description and Function 
PIN NO. PIN NO. 
40-Pin (60-Pin 
DIP) FP) 

9 

2 10 

3 11 

4 12 

5 13 

6 18 

7 19 

8 20 

9 21 

10 22 

11 24 

12 25 

13 26 

14 27 

15 28 

16 33 

17 34 

18 35 

18 36 

20 37 

Note: 

SYMBOL 

SGN 

DB15 

DB14 

DB13 

DB12 

DB11 

DB10 

DBs 

DBs 

DB7 

DB6 

DBs 

DB4 

DB3 

DB2 

DB1 

Test 

DESCRIPTION 

Sign Bit: 1 = Positive Input. The input signal polarity is determined at the end of the 
signal integrate phase. 

Data Bit 15 (MSB): Three State Output Data Bit 

14 

13 

12 

11 

10 NOTE: DB15 -DB, 
9 are at a logic "1" state for 

8 
an overrange conversion. 

7 

6 

5 

4 

3 

2 

1 (LSB) 

Test: O v; Data Outputs forced to Logic 1 and clock is disabled 
Test = V ; Counter latches enabled. 

A low data byte enable input or flag output depending on BUS/HAND (Pin 21) 
status 

LBEN/LBFLG 1. BUS/HAND = 0: With Pin 21 low and CE/LDSTRB = 0 (Pin 20) data bits 8 
(Input/Output) through 1 are output (pins 9 - 16) when the input pin LBEN = 0. 

HBEN/HBFLG 
(Input/Output) 

2. BUS/HAND= 1: Valid data on pins 9 - 16 is indicated by the flag output 
LBFLG = 0. 

A high data byte enable input or flag output depending on BUS/HAND 
(pin 21) status. 

1. BUS/HAND= 0: With pin 21 low and CE/LDSTRB = 0 (pin 20) the high data byte 
(Sign Bit plus Data Bits 15 - 9) are output when the input HBEN = 0 

2. BUS/HAND= 1: Valid Data on pins 1 - 8 is indicated by the flag output 
HBLFG = 0. 

1. BUS/HAND= 0: CE is master chip enable, With CE= 1 sign bit plus DB1s - DB1 
CE/LDSTRB are disabled (Hi-Impedance State). CE = O enables outputs and data is trans-

(lnput/Output) !erred under control of LBEN and HBEN input signals. 

CE LBEN HBEN FUNCTION 

0 0 1 Low Data Byte Output 
0 1 0 High Data Byte Output 
0 0 0 Low+ High Data Byte Output 
0 High Impedance State 

2. BUS/HAND = 1: LDSTRB is a load strobe output sign. In the handshake mode, 
LDSTRB = O output signal instructs the receiving device to accept data. 

Pin connections in description section refer to 40-pin_ package. 
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15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

TSC800 
Pin Description and Function (Cont.) 

PIN NO. PIN NO. 
40-Pin (60-Pin 
DIP) FP) 

21 39 

22 40 

23 41 

24 42 

25 43 

26 48 

27 49 

28 50 

29 51 

30 52 

31 54 

32 55 

33 56 

34 57 

35 59 

36 

37 3 

38 5 

39 6 

40 7 

Note: 

SYMBOL DESCRIPTION 

1. BUS = O: Parallel output data mode where the CE, HBEN, and LSEil signals are 
inputs that directly control the 16 data bits. 

BUS/HAND 2. HAND= 1: LDSTRB, LBFLG, HBFLG are outputs used in the handshake data 
transfer mode. 

3. Hand = __fl_ (Pulsed High): Causes entry into handsake mode for UART 
interfacing. 

OSC2 Oscillator input 

OSC1 Oscillator output 

Selects internal oscillator structure 

OSC CON 1. OSC CON= 1: RC oscillator. Internal clock frequency is same frequency and duty 

BUFOSC 

CONVERT/ 
STOP 

DRQST 

Vs 

VREF 

COM 

VINT 

Csz 

VsuF 

cfi 
d 
viN 
vi'N 
v~ 

GND 

DVD 

cycle as BUF OSC. 

2. OSC CON = O: Crystal oscillator, Internal clock frequency is frequency at BUF 
osc + 15. 

Buffered oscillator output 

CONVERT= 1: Conversions performed continuously. 
STOP= O: Conversion process st~counts before entering signal integrate phase. 
The conversion in progress when STOP= O is completed. 

DATA OUTPUT request signal. An input used in the handshake mode that indicates an 
external device is ready to accept data. If DRQST is not used connect to V~. 

Negative power supply 

Voltage reference input 

Analog common. The TSC800 is auto-zeroed to the analog common potential. 

Integrator output 

SYSTEM-ZERO capacitor 

Output of input signal buffer 

Reference capacitor 

Reference capacitor 

Negative differential analog input 

Positive differential analog inpul 

Positive power supply 

Digital ground. Ground return point for Digital logic. 

DATA VALID SIGNAL: DVD= 1 during signal integrate and reference integrate 
phases until data is latched. 
DVD= O when in auto zero-phase. Data does not change when DVD= 0. 

Pin connections in description section refer to 40-pfn package. 
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PRODUCT INFORMATION 

TSC800 
-------~--··-----------------

General Theory of Operation 
Dual Slope Conversion Principles 
The TSC800 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC800 opera
tion theory. 

The conventional dual slope converter measurement cycle 
has two distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrateo for a fixed time 
period. Time is measured by counting clock pulses. An op
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer
ence integration time is directly proportional to the input 
signal. 

In a simple dual slope converter a complete conversion re
quires the integrator output to "ramp-up" and "ramp-down." 

Basic Dual Slope Converter 

1/2 VFULLSCALE'_ 

The dual slope converter accuracy is unrelated to the inte
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes
sive approximation converters in high noise environments. 
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A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

RC 

where: 

VR Reference Voltage 

Ts1 Signal Integration Time (Fixed) 

TR1 - Reference Voltage Integration Time (Variable) 

For a constant V1N: 

[
TRI ] VIN ~- VR --
Ts1 

TSC800 Analog Input Description 

System Zero Phase (Figure 3A) 

During this phase errors due to buffer, integrator and com
parator offset voltages are compensated for by charging Csz 
(system-zero capacitor) with a compensating error voltage. 
With a zero input voltage the integrator output will remain at 
zero. 

The external input signal is disconnected from the internal 
circuitry by opening the two SW1 switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWR. A feedback loop, closed around the integrator and 
comparator, charges the Csz capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 

ANAL()(; 
COMMON 0 

ANALOG INPUT 
1-llJF~lR 

e SWllCH CLOS~D 

0 SWITCH OPEN 

Figure 3A: TSC800 System Zero Phase 

II 



Analog Input Signal Integration Phase 
(Figure 38) 
The TSC800 integrates the differential voltage between the 
+input and - input. The differential voltage must be within the 
device common-mode range; 1 V from either supply rail typi
cally. The input signal is integrated for 16, 384 clock cycles. 

The input signal polarity is determined at the end of the phase. 

REFERENCE 
INPUT 

sw, 

sw, 

ANALOG INPUT 
BUFFER 

e SWITCH CLOSED 

0 SWITCH OPEN 

Figure 38: TSCBOO Input Signal Integration Phase 

Reference Voltage Integration (Figure 3C) 

The previously charged reference capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. The time for the output to return to zero is proportional to 
the input signal magnitude. The phase lasts for a maximum 
of 32, 768 clock periods. 

+INPUT 

REFERENCE 
INPUT 

-INPUT 

sw, 

sw, 

ANALOG INPUT 
BUFFER 

*SWRl wouhibecl0$1!dfora 
negat1vepolarityanaloginput 
signal. 

e SWITCH CLOSED 

0 SWITCH OPEN 

Figure 3C: TSCBOO Reference Voltage Integration 
Cycle · 
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15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

Integrator Output Zero (Figure 3D) 

This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys
tem offset voltages are compensated for. This phase nor
mally lasts 4096 clock cycles. 

+INPUT 

REFERENCE 
INPUT 

-INPUT 

sw, 

sw, 

ANALOG INPUT 

swRt BUFFER 

e SWITCH CLOSED 

0 SWITCH OPEN 

Figure 30: TSCBOO Integrator Output Zero Phase 

Differential Inputs (Vu~ (Pin 37) and Vn'i (Pin 36)) 

The TSC800 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 1.0 V below the positive 
supply to 1.0 V above the negative supply. Within this com
mon-mode voltage range an 86 dB common-mode rejection 
ratio is typical. 

The integrator output also follows the common-mode vol
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, for example, when a large posi
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these cri
tical applications the integrator swing can be reduced. The 
integrator output can swing within 0.4 volts of either supply 
without loss of linearity. 

Analog Common (Pin 30) 
Analog common is used as the VIN return during system-zero 
and reference-integrate. If VIN is different from analog com
mon, a common-mode voltage exists in the system. This sig
nal is rejected by the excellent CMRR of the converter. In 
most applications ViN will be set at a fixed known voltage 
(power supply common, for instance). In this application, 
analog common should be tied to the same point, thus re
moving the common-mode voltage from the converter. The 
reference voltage is referenced to analog common. 



PRODUCT INFORMATION 

Digital Section Description 

Digital Control Signals 
BUS/Hand (Pin 21) 

The BUS/Hand input signal selects the parallel BUS data 
transfer mode or handshake transfer mode. An internal pull
down resistor guarantees parallel mode operation when the 
input pin is open. The handshake mode allows serial data 
transmission with a UART. In the parallel mode the TSC800 
outputs data under control of the HBEN, LBEN and CE sig
nals. In the handshake mode TSC800 output signals 
communicate with peripheral devices to control the data 
transmission. 

For BUS= 0 the HBEN (Pin 19), LBEN (Pin 18), and CE (Pin 
20) input signals control the TSC800 data transmission. 
Figure 1 shows typical timing relationships and operation. 
The HBEN, LBEN and CE signals are asynchronous to the 
internal conversion clock. Output data is immediately 
accessed. To avoid accessing data as updates are occuring 
the DATA VALID (DVD, Pin 40) signal can be used as an ena
ble signal. Data will not change if DVD= 0. 

In the handshake mode two data transfer methods are 
possible. If HAND is pulsed high (HAND =J1.) fora minimum 
of 70 nsec the TSC800 enters the handshake mode. If HAND 
= 1 continuously the parallel mode is not re-entered, and a 
handshake data transfer will occur at the end of each con
version cycle. 

The BUS/Hand input signal configures dual purpose pins 
18, 19 and 20 as inputs or outputs. In conjunction with the 
DATA REQUEST (DROST, Pin 27) input signal the hand
shake data transfer is controlled by the output signals: 
LBFLG, HBFLG, and LDSTRB. 

OPERATING MODE 

BUS Transfer Mode 

BUS/HAND= 0 

Handshake Transfer 
Mode 

BUS/HAND = 1 or JI._ 

LBEN/LBFLG 
(Pin 18) 

LBEN: Low Data Byte 
Enable Input. A logic 
0 activates the low 
order data (DBs - DB1) 
if CE= 0. 

LBFLG: Low Data Byte 
Flag Output. Indicates 
output data is DBs - DB1. 

TSC800 
Data Request Input (DROST, Pin 27) 

This input is used only in the handshake data transfer mode. 
a DROST = 1 input signal indicates an external receiving 
device is ready to accept data from the TSC800. It serves as a 
send data command. When BUS/HAND= 0, DROST should 
be tied to vs. 
Convert/Stop Input (CONV/STOP, Pin 26) 

The CONV/STOP control input is pulled high through an 
internal pull-up resistor. If CONV/STOP = 1 or left open the 
TSC800 continuously performs conversions. Each measure
ment cycle will be 65,536 counts long. The measurement 
cycle time for one conversion is: 

T Conversion (msec) = 65.536 1/fc(kHz) 

Where: fc = Internal Clock Frequency in kHz. 

If CONV/STOP = 0 during the reference integrate phase and E 
after a zero-crossing has been detected the integrator zero ' 
phase is immediately entered and completed. This eliminates 
the time spent in the reference integrate phase after the out-
put data latches are updated. 

If CONV/STOP remains low, the TSC800 will wait in the sys
tem zero phase. The signal integrate phase will begin 7 clock 
counts after a CONV = 1 signal is detected. The CONV/STOP 
signal is detected synchronously with the internal clock. The 
system zero phase should last a minimum of 70 msec. See 
Figures 6 and 7 for CONV/STOP conversion timing diagrams. 

If CONV/STOP goes low and remains low during the system 
zero phase, the TSC800 will stop at the end of the phase and 
wait for CONV = 1. The signal integrate phase will start seven 
clock counts after CONV = 1 is detected. 

PIN DESCRIPTION 

HBEN/HBFLG 
(Pin 19) 

HBEN: High Data Byte 
Enable Input. A logic 
0 activates the high 
order data (SGN, DB1s 
- DBg) if CE = 0. 

HBFLG: High Data Byte 
Flag Output. Indicates 
output data is DB1s - DBg. 
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CE/LDSTRB 
(Pin 20) 

CE: Master O.!:!.!f>ut Enable 
Input. When CE= 1 outputs 
(SGN, DB1s - DB1) are 
disabled and in a high 
impedance state. 

LDSTRB: Load Strobe 
Output Signal. 
A logic O or 
falling edge indicates 
valid data is 
present at the output. 



15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

INTERNAL 
CLOCK- fc 

SIGNAL 
..- INTEGRATE -

PHASE (SI) 

SIGN BIT 
DETERMINED 

INTERNAL DATA 
LATCH UPDATE f--------+-----_, ___ _, 
SIGNAL 

---- SYSTEM ZERO PHASE --~ 

( 

'-+-----+---i'C---+---------t------IC-DVDf--------j 
CONV/STOPf-------f------1---_,--U----, 

TERMINATES 
REMAINDER OF 
REFERENCE 
INTEGRATE 
PHASE 

~--------;----.ci'---

Figure 6: Convert on Command Operation. (CONV/STOP = O After Zero Crossing Detected) 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK ·fc 

SYSTEM ZERO 
PHASE ~SZ) 

SIGN BIT 
DETERMINED' 

NEXT 
CONVERSION 
CYCLE 

~~~~~D~~~A>--------+------t------1 
SIGNAL 

,,_ 

4--- 12,228 COUNTS---+- -+-16,384 COUNTS 

NUMBER OF 
COUNTS_.. 

PROPORTIONAL 

~32,768COUNTS____.. 
1 

1-------0Nf:. CONVERSION CYCLE 65,536 COUNTS (T CONV"" 65,536 X1c') 

Figure 7: Continuous Conversion (CONV/STOP = 1) 

Test Input (Pin 17) 

When Test= 1 the counter data latches are enabled. If Test= 
0 the counter outputs are forced to a 1 state and the internal 
clock is disabled. When Test is returned to a logic 1 and one 
clock pulse is applied all the counter outputs are clocked low. 
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Data Valid (DVD, Pin 40) 

DVD= 1 at the start of signal integrate and DVD= O one half 
clock period after new data is stored in the data latches. Since 
DVD is always low when data is not changing the signal may 
be used as a "Data Valid Flag". See Figures 6and 7fortiming 
relationships. 
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Data Output Description 
Parallel Mode Data Interface 
With BUS/Hand = 0 the sign and data bits are controlled by 
the CE (Pin 20), LBEN (Pin 18) and FmE!\f(Pin 19) inputs. All 
three inputs have internal pullup resistors. Inactive data bits 
are in a high impedance state. 

The HBEN signal controls the most significant data byte 
(SGN, DB15 - DB9). LBEN controls the least significant data 
byte (DBs - DB1). 

High Data Byte Low Data Byte 
(SGN, DB15 - DB9) (DBs - DB1) 

x x Inactive Inactive 
(High Z State) (High Z State) 

0 0 0 Active Active 

0 0 Active Inactive 
(High Z State) 

0 0 Inactive Active 
(High Z State) 

0 
Inactive Inactive 
(High Z State) (High Z State) 

"X" = 1 or 0 

The HBEN, LBEN and CE input signals are asynchronous 
with the internal conversion clock. Output data is imme
diately available. To avoid accessing data as data updates 
occur the DATA VALID (Pin 40) signal can control the data 
access. DATA will not change if DVD= 0. 

HIGH 

~¢i:·----~~~~-==l'---------

LBEN-----------~ 

LOW 

~¢f:-------------""'~= ----· , 

Figure 1A: Parallel Data Transfer - Two 8-Bit Bytes 
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TSCBOO 

..._ ____ twcE-----
'~---

._tACE1 ~1 
;._--------~ ~~~DANCE 

HIGH IMPEDANCE STATE VALID DATA STATE 
SGN, DB15to DB1 

P'777J DON'T 
LL.LL] CARE 

Figure 1B: Parallel Data Transfer - 16-Bit Bytes 

Handshake Mode Data Transfer 
The TSC800 actively controls the data transfer to peripherals 
through the handshake data transfer mode. In the handshake 
mode pins 18, 19 and 20 (LBFLG, HBFLG, and LDSTRB) are 
TTL compatible outputs. The LDSTRB signal indicates valid 
data is available for the peripheral. The LBFLG and HBFLG 
signals indicate which data byte is being transferred. The 
data request signal (DROST, Pin 27) informs the TSC800 a 
peripheral is ready to accept data. A complete cycle transfers 
two 8-bit bytes. 

The BUS/Hand signal is ignored after the handshake mode 
is entered. Conversions continue but data latch updating is 
inhibited until the TSC800 transfers two data bytes and clears 
the internal mode latch. 

The handshake mode is entered in two ways: 

• Set BUS/Hand = 1 
• Pulse BUS/Hand High (..n.) 

BUS/Hand= 1 
With Hand = 1 the TSC800 will enter the handshake mode 
after data is stored in the output data latches. Once the hand
shake mode internal latch signal is set the BUS/Hand signal 
is ignored. The Data Request Input Signal (DROST) signal 
controls data transfer to the external requesting peripheral. 
Figure 2 shows the timing diagram for the data transfer with 
BUS/Hand= 1 (throughout the transfer). Note that DROST= 
1 throughout the transfer. The data transfer rate is set by the 
TSC800 internal clock. A complete data transfer occurs in 4 
clock periods after a DROST= 1 is detected on a high to low 
internal clock edge transition. 

For peripherals that cannot accept data at the TSC800 clock 
rate the DROST input signal can be used to delay the transmit 
sequence. This mode is useful in interfacing to UARTS. 
Figure 3 shows a typical 2502 UART interface. 
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INTEGRATOR 
OUTPUT 

INTERNAL CLOCK 

INTERNAL DATA 
LATCH UPDATE 
DVD (DATA 
VALID SIGNAL) 

BUS/HANO 
INPUT SIGNAL 

INTERNAL 
DATA TRANSFER 
MODt CONTROL SIGNAL ------\ ~ 
( 1=HANDSHAKE,0 =BUS) 

DROST---.,-~ 
!DATA REQUEST INPUT FROM PERIPHERAL! 

LDSTRB------1-----< 

15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

ILOAD DATA STROBE OUTPUT) I~~-~ 

HBFLG------1--~ 
(HIGH DATA BYTE FLAG OUTPUT) ~~---+--• 

HIGH DATA BYTE 
HIGH IMPEDANCE STATE l~-D-A_T_A_V-AL_l_D+--~~ HIGH IMPEDANCE STATE 

SGN, 0615 to DB9 

LBFLG------+---+-----+--~ 
(LOW DATA BYTE FLAG OUTPUT) ~----+--_, 

LOW DATA BYTE 
HIGH IMPEDANCE STATE 

Note: 
1. High lmpedaoceOutputwith Internal Pullwp. 
2. DROST Signal Sensed at H - L Clock Transition. 
3. LDSTRB & HBFLG Become Active at First l-- H Clock 

Transition After DROST is Sensed H. 

Figure 2: Data Transfer with BUS/Hand = 1 

INTERNAL CLOCK 

INTERNAL DATA LATCH 
UPDATE 

DVD 
(DATA VALID SIGNAL) 

~ci~~~~~~:~t ~1\Ac~S'-'FE"-R'-----f 
DROST ~~~~-+--+---~ 

LDSTRB ----+--{ 

HBFLG ----!---!. 

HIGH IMPEDANCE STATE I,.------! 

HIGH DATA BYTE ~~1~~:,~l~o 

LBFLG----+--+-------1 

LOW DATA BYTE HIGH IMPEDANCE STATE 

DATA VALID 
DB8 to 061) 

DATA VALID 
(DBS to DBl) 

Figure 3A: Typical UART Interface Timing with DROST Signal Controlling Data Transfer Timing 
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PRODUCT INFORMATION 

The UART data transfer sequence begins with a DROST= 1 
signal. This indicates the UART transmitter buffer register is 
empty (TBMT= 1). LDSTRB and HBFLG become active when 
DROST is sensed synchronously. The high order data byte is 
stored in the UART transmitter buffer register when LDSTRB 
= 1. This occurs one clock period after DROST is sensed. The 

CLK 

COM2502 
UART 

BAUD 
RATE GENERATOR 

COM5046 
(·:·16) 

RDA o----.---IPARALL/HAND 

TSMT 0-----.---1 DROST 

TDS 1-------l LDSTRB 

ROAR 1---4-----1 LBFLG 

TDl · TDB f-,4,----~,l-l SGN, DB15 to DBg 

os8 to os1 

RDA= Receiver Data Available (Set high when character received & 
transferredtoreceiverbufferregister) 

TBMT =Transmitter Buffer Empty (Set high when transmitter buffer 
registeravailableforloadingwith new data) 

TDS =Transmitter Data Strobe (Low levet input transfers d<ita into 
transmitter register) 

ROAR= Receiver Data Available Reset (Low lever resets RDA output 
to low lev111) 

Figure 3B: Typical UART to TSC800 Connection 

INTERNAL 
CLOCK 

Lr;..~~~NAL DATA,_ ___ --! 

DViJ 

BUS/HAND 

INTERNAL 
TRANSFER 
MODE 

DROST 

HIGH 
DATA BYTE 

LOW DATA 
BYTE 

0 
Notes: 
1. High Impedance State with Resistive Pullup 
2. High Impedance State 
3. DROST Input Sensed 

0 

4. Output Sequence Greater Than Conversion Cycle 

TSC800 
DROST signal (TBMT) goes low halting the cycle with the 
SGN and DBN 1s - DBg data bits active. After the UART trans
fers the received data to the transmitter register the DROST 
input (TBMT) again goes high. On the first high to low internal 
clock transition the high byte data is disabled and one-half 
clock period later HBFLG = 1. Concurrently LDSTRB = 0 and 
DBa - DB1, become active. One clock period later~= 
1 and the low data byte is clocked into the UART transmitter 
buffer register. DROST goes low. When DROST returns high 
it will be sensed on the first TSCBOO internal clock high to low 
edge transition thus causing all outputs to be disabled. One 
half clock period later the internal handshake mode latch is 
cleared and TI5S'!'RB = HBFLG = LBFLG = 1. The outputs 
remain active as long as Hand= 1. 

BUS/Hand = _n_ (Pulse) 

The TSCBOO outputs every conversion (except those com
pleted during a handshake transfer) with Hand held high. 
Handshake output sequences on demand are possible by 
triggering the Hand control input with a low to high edge. 
Figure 4 shows a typical data transfer. The output cycle is 
controlled by the DROST input signal. The complete two 
byte data transfer can take any length of time. Conversions 
are made and the DVD and CONV/~inputs function nor
mally but new data will not be latched until the handshake 
mode is terminated. 

DB8 • oe1 

T 
I 

M 
E 

D 
E 
L 
A 
y 

OON'Tf'777A 
CARE fLLLLt 

Figure 4: Handshake Output on Command (DROST Signal Controls Transfer) 
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TSC800 
Oscillator Control and Operation 
OSC CON (Pin 24) configures the internal oscillator. as a 
crystal or RC oscillator. OSC CON = 1 establishes the RC 
oscillator. R should be 50 kf1 or larger. The internal clock 
matches the frequency and phase of the BUF OSC (Pin 25) 
signal. In the crystal oscillator mode (OSC CON= 0) a 715 is 
between the buffered oscillator output and the internal clock. 
The internal oscillator may be over-driven by driving OSC 1 
(Pin 23). The OSC CON pin controls whether the internal 
clock is divided by 15. 

Internal 
Oscillator OSC CON Clock 

Type (Pin 24) Frequency 

RC .45/RC 

Signal 
Integration 

Time 
Conversion 
Cycle Time 

Vs or open 16384 (RC) RC 
- -- [65,536] 
.45 .45 

Crystal Ground fxTAL c- 15 16384( ~) ~ [65,536[ 
fxTAL fxTAL 

fxTAL = Crystal Frequency 

Typical Crystal Operation: 

• fx = 2.4576 mHz 
• Internal Clock Frequency= 163.8 kHz 
• Signal Integration Time= 100 msec 
• Conversion Cycle Time=400 msec (2.5Conversions/Sec) 

External Oscillator Control 
--(r--~~~----------~ 

INTERNAL CLOCK 

ENABLE 

25 
TSCBOO 

--rh4j--
J EXTERNAL 

OSC CON CLOCK 
(GND = ~- lS) + SOURCE 

BUF OSC 

Internal RC Oscillator Configuration 

---( TSC800 INTERNAL 
CLOCK 

24",._-+-c2~2~0=5c~2---,=,-r..,,,o=sc~1----+=,,-~ 
BUF 

OSC CON 
N+orOPEN) 

osc 
fo.~ 

RC 
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15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

Internal Crystal Oscillator Configuration 

----< 24 

osc 
CON "'=" D 

Component Value Selection 
Integrating Resistor (R1Nr) 

BUF 
osc 

The desired full-scale input voltage and output current capa
bility of the input buffer and integrator amplifier set the inte
gration resistor value. The internal class A output stage 
amplifiers will supply a 20 µ.A drive current with minimal 
linearity error. RtNT is easily calculated for a 20 µ.A full scale 
current: 

RtNT (M n) = Full-Scale Input Voltage (V) 

20 

Full-Scale Input Voltage (VFs) 

3.2768 
4.0000 

Integrating Capacitor (C1Nr) 

RtNT 

160 kn 
200 kn 

The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 V of Vs or Vs without saturating. With± 5 V power 
supplies and analog common connected to supply ground a 
3.5 V to 4.3 V swing is adequate. 

Using the suggested 20 µ.A full-scale buffer output current 
the integrating capacitor is easily calculated: 

CtNT (µ.F) = 16.384 ( fc~z)) 20 µ.A 

Integrator Output Voltage Swing (V) 

Where: fcLK = Internal Clock Frequency 



PRODUCT INFORMATION 

Component Value Selection (Cont.) 
Integrating Capacitor (C1NT) 

For 2.5 CONV/SEC the internal clock is 163.8 kHz. The 
TSC800 operates at 2.5 CONV/SEC with an external crystal 
equal to 2.4576 MHz. A 0.47 µF capacitor is recommended. 

The integrating capacitor should be selected for low dielec
tric absorption to prevent roll-over errors. Polypropylene 
capacitors are suggested. The outer foil of C1NT should be 
connected to C1NT (Pin 31). 

System Zero Capacitor (Csz) 

A 1.0 µF polypropylene capacitor is suggested. The inner foil 
should be conected to CAZ (Pin 32). 

Reference Capacitor (CREF) 

A 1.0 µF capacitor is suggested. Larger values may be used to 
limit roll-over errors. Low leakage capacitors such as poly
propylene or Teflon® should be used. 

Reference Voltage 
The analog input required to generate the 32,768 full-scale 
count is V1NPUT = 2 VREF. The reference voltage source 
should be selected for temperature stability. The TSC800 
provides 30 ppm resolution. With a 5 ppm/°C reference a 6° 

Applications Information 

TSC800 
change will introduce a 1-bit absolute error. A stable refer
ence must be used where ambient temperature is controlled 
and accurate absolute measurements are needed. 

The reference voltage input must be a positive voltage with 
respect to analog common. Reference voltage circuits are 
shown below. 

Reference Voltage Circuits 

Delay Resistor (Rs) 

10kH 

TSC9491 
12 v 
REFERENCE 

ANALOG GROUND 

The Rs, C1NT combination compensates for comparator delay 
time. With a 0.47 µF integrating capacitor a 20 fl series resistor 
is suggested. 

TSC800 Parallel Interface to 6522 Versatile Interface Adapter 

+5V -5V 

23 39 38 28 

DSC 1 osc 2 osc 
CON 

V1~ 

ANALOG 
INPUT 

""'" TSCSOO 

VBUF 

Csz 

VINT 

35 c;, 
CREF CONV/STOP 
1.0uF 34 

Cfi 

REF 29 
VREF OVD 

VOLTAGE 
LBEN HBEN c, BUS 

18 19 20 21 

26 

-VIA-
6522 

PAO} PORT A 

PA7 

PBO } PORT B 

PB7 

DATA BUS 

6502 PROCESSOR 

IRO 

k-----ICB2 
TRll'-----~ 

40 

CB1 

>5V 

6522 VIA Peripheral Control Register (PCR) Set U. 
(Register 12) 

CB2 
Control 

811-7 811-6 811-5 

0/1 10 

CB1 
Interrupt 
Control 

Bit-4 811-3 

CA2 
CA1 

Control 
Interrupt 
Control 

811-2 811-1 Bit-0 

' May be programmed for convert on command or continuous.convers1ons. 
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Applications Information (Cont.) 

TSCBOO Interface to 6520 VIA 

"'" TSCBOO 

HIGH 
DATA 
BYTE 

{ 5i~, 

DBg 

CAl 

LDSTRB 1'2~0------' 
INITIATES 

'---'=T.;;=-',:..;;,-"'DR"OOS:;;27;..T _ _, INTERRUPT 

'5V 

+VAEF 

PROCESSOR INTERRUPT 

6520 
-PIA-

15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 

DATA BUS 

6520 PIA Control Register A {CAA) Set Up. -------
IRQA1 IAQA2 

CA2 DORA 
CA1 Control 

CA2 
Control AcceH 

Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit..Q 

I I I L,--J 
IRQA output 

Set by a negative Port A enabled - goes 
CA 1 transition CA2 is set high On confi- low when Bit-7 
Reset by a negative CA1 transition. gured in CAA is set by 
Read Port A A Port A Read opera- " negative transition 
operation. lion sets CA2 low. Input. of signal on CA 1. 

lflf<lAI~~~ 
Note: Data from everv conversion is transmitted 
in two byte;s. (Data read cycle is less than conversion time) 

Handshake Timing Diagram: TSCSOO to 6520 Peripheral Interface Adapter 
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~lf'"TELEDVNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC804 
12-BIT µP-COMPATIBLE 
MULTIPLEXED A/D CONVERTER 

FUNCTIONAL DIAGRAM 

CHS•fCH4 <>'-'+-C-0-<HX}-~ 

CH7•/CH3 

CH6•/CH2· 

CH5•/CH1 O-+-Oo-<>-\XJ~ 
v_. a-=+----_. 

ANALOG COMMON <Ft---+.. 

CH4• 

CH3• 

CH2• 

CH1• 

A,D=l------1 

A,O-+-----< 
A,<>-"t----1 
EN<>-'-'+----< 

PIN NUMBERS ARE FOR 
TSC804CLS {68 PIN PLCC) 

29 28 31 30 32 33 34 35 

MULTIPLEXER 
CONTROL 

WE WR SGUOIF REF OUT 

FEATURES 
• 12-bit Plus Sign, High Accuracy A/D Converter 
• Up to 30 Conversions per Second 

Selectable Conversion Rate 
On-Board Analog Mux . . . . . . . 4 or 8 Channel 
Very Fast Overload Recovery 
High Impedance Differential Input 
Low Noise CMOS Design ............ 15µVp-p 
Analog Mux Expansion Capability 
Low Input Leakage Current, 10pA (Max) 
Flexible Digital and µProcessor Interfacing 
Internal Reference Regulator, 50ppm/°C 
Power Up to Known State 
Crystal Controlled Clock Circuit 
Available in Compact Flat Package or PLCC 

• Industrial Temperature Range Device Available 

LBEN 

HBEN 

MODE 
38 

DROST 
39 

OE 

v· V• DGND RUN/ STATUS SIP OSC OSC tNTf SYS FSO FS1 
HOLD 2 1 EXT CLK 
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TSC804 
GENERAL DESCRIPTION 

The TSC804 is a 12-bit (plus sign and over
range) analog to digital converter. It is equivalent to 
the popular TSC7109A except that the TSC804 incor
porates an on-board analog multiplexer which may 
be configured for either 4 or 8 channel operation 
under software control. The TSC804 represents the 
latest technology in multi-slope, high noise immunity, 
integrating A/D conversion. The advanced CMOS 
design offers very low power consumption and high 
rel iabi I ity. 

The TSC804 provides two very flexible modes 
of digital interfacing to fit a variety of system confi
gurations. The Handshake Mode supports either fast 
or slow UART interfacing with either triggered or 
continuous operation. The Direct Output Mode sup
ports microprocessor systems that use a direct bus 
architecture with either an 8-bit or 16-bit data bus 
structure. 

Typical Applications 
• Process Control 

- Flow Measurement 
- Leak Detection 
- pH Measurement 
- Pressure 
- Temperature 
- Viscosity 
- Position 

• Data Aquisition 
• Environmental Monitoring 
• Portable Instrumentation 
• Power Supply Monitoring 
• Medical Monitoring 
• Scales and Balances 
• Photo-Voltaic Instruments 

Ordering Information 

Part No. 

TSC804CLS 

TSC804CBQ 

Package 

68-pin PLCC 

60-pin Plastic 
Surface Mount 

Temp. Range 

0°c to +70°C 

0°c to +70°C 

TSC804CLS/BI 68-pin PLCC 0°C to +70°C 
Burn-in: 160 Hour, +125° C 

TSC8041LS 68-pin PLCC -25°C to +85°C 

TSC8041LS/BI 68-pin PLCC -25°C to +85°C 
Burn-in: 160 Hour, +125°C 

PRODUCT INFORMATION 

Pin Configurations 
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CH7'/CH3- 21 

CH6-/CH2· 2 
CH5'/CH1- 2 

V1N- 2 

ANALOGCOMMON 2 

CH6'/CH2- 17 
CH5'/CH1- 1a 

V 1N- 19 

ANALOG COMMON 2 

CH3- 2 

CH2• 2 
CH1· 

"'"' TSC804CBQ 

60-LEAD PLASTIC 
SURFACE MOUNT 

TSC804CLS 

68-LEAD PLASTIC 
LEADED CHIP CARRIER 

' NO INTERNAL CONNECTION 

s,, 
812 
OR 

POL 
STATUS 



12-BIT µP-COMPATIBLE MULTIPLEXED A/D CONVERTER 

TSC804 
-----·-··· ---------------

Absolute Maximum Ratings 
Notes: Positive Supply Voltage (V+) . . . . . . . . . . . . . . +6.2V 

Negative Supply Voltage (V-) . . . . . . . . . . . . . -9.0V 
Analog Input Voltage Range (Note 1) .. v+ to v-

1. Input voltages may exceed the supply voltage if the input 
current is limited to t 100µA 

Reference Input Voltage Range ........ v+ to v-
Digital Input or Output 

(Note 2) .................. v+ to DGND - 0.3 
Power Dissipation (Note 3) ........ 1W@ +85°C 
Operating Temperature 

2. Connecting any digital input or output to voltages greater than 

V 1 or less than DGND may cause destructive device latchup. 
Therefore, it is recommended that inputs from sources other 
than the same power supply should not be applied to the 
TSC804 before its power supply is established. In multiple 
power supply systems, the supply to the TSC804 should be 
activated first. 

Commerical .................... 0°C to 70°C 
Industrial ................... -25° C to +85°C 

3. The power d1ssipat1on limit refers to the package and will not 
occur during normal operation 

Storage Temperature .......... -55° C to +125°C 
Lead Temperature (60 sec.) ............. +300°C 

Th rs device contains circuitry to protect the inputs from damage due to high static voltage or electric fields. It is advised that voltages 
greater than those listed under Absolute Maximum Ratings may cause permanent damage to this device. Normal precautions 
should be taken to avoid application of any voltage higher than the Absolute Maximum Ratings 

Electrical Characteristics 
v+ = 5V, v- = -5V, 15 Conversions/Sec, 1 MHz Crystal, TA = 25°C (unless otherwise noted) 

SYM
BOL PARAMETER TEST CONDITIONS 

Analog Multiplexer Section (see Analog Multiplexer Timing Diagram) 

rosON On Resistance 
-25°C STAS 85°C 

tsM Break-before-Make 

tAo Address Delay, Transparent 
------------------------

tww Address Set-up, Write 

Write Delay 

CORR Channel Off Rejection Ratio 

Converter Section 

-25°C ST AS 85°C 

f1N = 10Hz 

·-------·--- ----------------~ 

NLE 

ROE 

CMRR 

Zero Input Reading V1N = 0, VFs = 409.6mV 

Ratiometric Reading V1N = VREF = 204.8mV 
------------------+-

No n-1 in ea rity Error VFs = 204.8 or 409.6mV 

Roll-over Error 

Common-mode 
Rejection Ratio 

VFs = 204.8 or 409.6mV 

VcM = ±1V, V1N = OV 
------------

Common-mode Voltage Range 

V n Noise (aver. pk-pk) 

Input Leakage Current 

--------------

TA= 25°C 
0°c s TA s 70°C 
-25°C STAS 85°C 

TSC804 
MIN TYP MAX 

5.0 7.5 
7.0 10 

250 450 

150 180 

50 70 

600 650 
650 750 

100 
----

00015 00015 00015 

FFF16 

-1 ±0.2 
-------------·--

-1 ±0.2 
---------

50 100 
-----· 

v-+1.5 v+-1.5 

15 50 

20 45 
100 200 
150 300 

-------------------------------·- -----------

8-43 

UNIT 

KO 
KO 

nSec 

nSec 

nSec 

nSec 
nSec 

dB 

Count 

Count 

Count 
----

Count 

µVIV 

v 

µV 
---

pA 
pA 
pA 

----
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PRODUCT INFORMATION 

TSC804 
Electrical Characteristics (continued) 
v+ = 5V, v- = -5V, 15 Conversions/Sec, 1 MHz Crystal, TA = 25°C (unless otherwise noted) 

SYM- TSC804 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Converter Section (Continued) 

TCo Zero Reading Drift 
0°c :ST A :S 70°C - 0.2 1.0 µV!oc 
-25°C :ST A :S 85°C - 0.8 2.0 µV/oC 

TCFS Full-scale Gain Tempco 0°c :STA :S 70°C - 1 5 ppm/°C 
-25°C :STA :S 85°C - 7 15 ppm/°C 

Over Range Recovery 
VFs = 204.8mV - ±1 ±2 Count 

(Next Conversion) 
·--

Supply/Reference Section 

v+ Positive Supply Voltage 4.5 5.0 5.5 v 
v- Negative Supply Voltage -4.5 -5.0 -5.5 v 

1+ Supply Current v+ to GND 
- 1.5 2.0 mA 

-25°C :ST A :S 85°C - 2.0 2.5 mA 

1- Supply Current v- to GND 
- -1.5 -2.0 mA 

-25°C :STA :S 85°C - -2.0 -2.5 mA 

VREF Reference Voltage (w/ respect to v+) -2.8 -3.0 -3.2 v 

TCREF Reference Voltage Tempco 
0°C :STA :S 70°C - 25 50 ppm/°C 
-25°C :S TA :S 85°C - 30 75 ppm/°C 

Digital Section 

VoH Output High (SYSCLK, SIP) loL = -100µA - 4.5 - Volts 

VoH 
Output High (81-812. OR, 

loL = -100µA 3.5 4.7 - Volts POL, STATUS) 

VOL Output Low (SYSCLK, SIP) loL = 0.5mA - 0.2 - Volts 

VOL 
Output Low (8,-812. OR, 

loL = 1.6mA - 0.2 0.4 Volts POL, STATUS) 

loL 
Output Leakage 

8,-812. OR, STATUS - .01 1.0 µAmps 
(High Impedance) 

-----
Control 1/0 Loading L8EN, H8EN,OE - - 50 pF 

V1H Input High Voltage 2.5 - - v 
V1L Input Low Voltage - - 1 v 
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12-BIT µP-COMPATIBLE MULTIPLEXED A/D CONVERTER 

TSC804 
Electrical Characteristics (continued) 
v+ = 5V, v- = -5V, 15 Conversions/Sec, 1 MHz Crystal, TA = 25°C (unless otherwise noted) 

SYM- TSC804 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Digital Section (Continued) 

lpu Input Pull-up Current (all except TEST) - 30 - µA 
TEST - 100 - µA 

lpo Input Pull-down Current Mode 30 - µA 

tw 
Mode Input Pulse Width 

- 50 - nSec 
WR, WE 

Oscillator Section 

fosc Frequency of Oscillation 0.8 1.0 5.0 MHz 

OSCoH Output Current High 1 2.0 mA 

OSCoL Output Current Low 1.5 3.0 mA 

Analog Multiplexer Timing Diagram 

WR 

OLD ADDRESS (X) x 

twwJ 

NEW ADDRESS (Y) )@ A~ ;;DRESS (X) xi 

::: ------"-IA_D•_1_~.~~t-B-M~--~=-r---

Aro-11 NEW ADDRESS (Y) 

bcl~BM 
~1WR 

CHY ---------

CHX 

Transparent Mode Write Mode 
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PRODUCT INFORMATION 

TSC804 
Pin Descriptions 

60-Pin 
Flat 68-Pin 
Pack PLCC Symbol Description 

62 DGND Digital Ground, bv, Ground return for all input and output logic. 

2 63 TEST Input HIGH-Normal operation, Input LOW-Force all bits high. (For test 
purposes only.) 

3 64 INT/EXT Oscillator Select: Input HIGH - Select Crystal Oscillator 
Input LOW - Select External Oscillator Input 

4 65 OSC1 Crystal or Clock input 

5 66 OSCo Crystal 

6 67 SYSCLK System Clock - buffered system clock output 

7 68 FSo Conversion Rate (Bit 0) 

8 FS1 Conversion Rate (Bit 1) 

9 2 SIP Signal Integrate Phase 

10 3 RUN/HOLD Run or Hold: Input HIGH-Performs continuous conversions, 
Input LOW-Converter will stop in Auto-Zero. 

11 4 SGUDIF Analog Mux Mode: Input HIGH-Select 8 Channel, Single-ended, 
Input LOW-Select 4 Channel, Differential. 

12 5 WE Write Enable: Input HIGH-Multiplexer Address Write Disabled, 
Input LOW-Multiplexer Address Write Enabled 

13 6 WR Write: Input HIGH - Multiplexer Address Latched, 
Input LOW - Multiplexer Address Enabled 

14 7 RST Reset Latch: Input HIGH-Multiplexer Enabled, 
Input LOW-Multiplexer Disabled 

15 8 A2 Analog Multiplexer Address (Bit 2, Latchable) 

16 11 A1 Analog Multiplexer Address (Bit 1, Latchable) 

17 12 Ao Analog Multiplexer Address (Bit 0, Latchable) 

18 13 EN Analog Multiplexer Enable (Address Qualifier, Latchable) 

19 14 v- Negative Supply Voltage 

20 15 CH8+/CH4- Analog High (Chan. 8)/Analog Low (Chan. 4) 

21 16 CH7+/CH3- Analog High (Chan. 7)/Analog Low (Chan. 3) 

22 17 CH6+/CH2- Analog High (Chan. 6)/Analog Low (Chan. 2) 

23 18 CH5+/cH1- Analog High (Chan. 5)/Analog Low (Chan. 1) 

24 19 V1N- Mux OuVAnalog In (Low) 

25 20 ANALOG Internal ground reference for analog circuits. 
COMMON 
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Pin Description (continued) 

60-Pin 
Flat 68-Pin 
Pack PLCC Name 

26 21 V1N+ 

27 22 CH4+ 

28 23 CH3+ 

29 24 CH2+ 

30 25 CH1+ 

36 33 BUFouT 

37 34 

38 35 

39 36 

40 37 REFouT 

41 38 DROST 

42 39 OE 

43 40 LBEN 

44 41 HBEN 

45 42 MODE 

46 45 STATUS 

47 46 POL 

48 47 OR 

49 48 

50 49 

51 50 

52 51 Bg 

Description 

Mux Out/Analog In (High) 

Analog High (Chan. 4) 

Analog High (Chan. 3) 

Analog High (Chan. 2) 

Analog High (Chan. 1) 

Reference Voltage High 

Ref. Capacitor High 

Ref. Capacitor Low 

Reference Voltage Low 

Buffer In put 

Buffer Output 

Auto Zero Capacitor 

Integrator Output 

Positive Supply Voltage 

Reference Output 

Data Request, lnput'21 

Output Enable, Input "'JOutput(2' 

Low Byte Enable, lnput'"JOutput'2 ' 

High Byte Enable, lnput"'JOutput'2' 

Mode Select, Input: LOW-Direct Output Mode '" 
HIGH-Hand Shake Mode '2' 

TSC804 

Status Bit, Output: HIGH during Integrate and Deintegrate until data is 
latched, 
LOW during Auto-Zero and Integrate-Zero 

Polarity Bit, Output: HIGH-Positive, 
LOW-Negative 

Over Range Bit, Output: HIGH-Overrange, 
LOW-Non-Overrange 

Data Bit 12 (Most Significant Data Bit) 

Data Bit 11 

Data Bit 10 

Data Bit 9 
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TSC804 
Pin Description (continued) 

60-Pin 
Flat 68-Pin 
Pack PLCC Name Description 

53 52 Ba Data Bit 8 (STATUS in High Byte of 8-bit BUS Mode. See Text) 

54 53 B1 Data Bit 7 

55 54 B6 Data Bit 6 

56 55 B5 Data Bit 5 

57 56 B4 Data Bit 4 

58 57 B3 Data Bit 3 

59 58 B2 Data Bit 2 

60 59 B1 Data Bit 1, (Least Significant Bit) 

111 Direct Output Mode (MODE = 0) 
"' Hand Shake Mode (MODE = 1) 

MODE SELECTION AND DATA TRANSFER 
INTERFACING (All pin references are to PLCC 
package) 

The direct output mode is a fully compli
mented microprocessor interface which can support 
either an 8 or 16 bit data bus. The microprocessor 
programming has direct control over the data transfer 
technique. The status bit (STATUS) from the TSC804 
supplies the information to the microprocessor to 
insure proper timing and data handling. 

The TSC804 will be in the direct output mode 
as long as the MODE input is LOW. An internal pull
down resistor insures that this is the default mode if it 
is left unconnected. 

When the TSC804 . is in the direct mode, 
OUTPUT ENABLE (OE), LOW BYTE ENABLE (LBEN) 
and HIGH BYTE ENABLE (HBEN) become inputs. 
These inputs are then used to control the data 
transfer. The DATA REQUEST (DROST) input is not 
used and should be tied HIGH. (see "DIRECT Inter
facing") 

Direct Output Mode Data Transfer 

The low order byte (bits 1 through 8) and the 
high order byte (bits 9 through 12 plus the polarity and 
overr~~ bits) are accessible under control of OE (pin 
38), LBEN (pin 40) and HBEN (pin 41). These three 
inputs are all active LOW. Internal pullup resistors are 
provided for an inactive HIGH when lift open. A LOW 
on OE will permit a LOW on input HBEN and/or LBEN 
to output data to the bus. A LOW on HBEN selects the 

6-bit high data byte, a LOW on LBEN selects the 8-bit 
low data byte and a LOW on both HBEN and LBEN 
selects the whole 14-bit data word. 

The access of data should be synchronized 
with the conversion cycle by monitoring the STATUS 
output (pin 45). This will prevent accessing the data 
while it is being updated. Status can also be read on 
the B8 output when HBEN is low and LBEN is high. 

HBEN 
AS INPUT 

LBEN 
AS INPUT 

HIGH BYTE 
DATA 

LOW i~~;-- _ --- _ ---- -- --
- --HIGH IMPEDANCE 

Figure 1: TSC804 Direct Mode Output Timing 
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TSC804 
Direct Mode Truth Table 

Inputs Outputs 

MODE DROST* OE LBEN HBEN STATUS B1 ... Ba Bg . . . B12• OR, POL 

0 1 1 x x 1 high z high z 
0 1 0 0 0 0 low byte high byte 
0 1 0 1 0 0 high z·· high byte 
0 1 0 0 1 0 low byte high z 
0 1 x 1 1 0 high z high z 

• DROST should be tied high. 
••Output BB is active, and reflects the converter status. This permits the status to be monitored without requiring a separate µP input 

pin for the STATUS output (pin 45). 

Table 1. TSC804 Direct Mode Timing Requirements INTERFACING 
Direct Mode 

Sym Description Min 

ts EA Byte Enable Width 200 

toAB Data Access Time 
from Byte Enable 

toHB Data Hold Time 
from Byte Enable 

lcEA Chip Enable Width 300 

toAC Data Access Time 
from Chip Enable 

toHC Data Hold Time 
from Chip Enable 

A. GND 

ANALOG MODE OE 
SELECT 

c) 89-612 
POL, OR 

.., ... Bl-BB 

ANALOG TSC804 
IN 

RUN/HOLD ---CONVERT 
HBEN LBEN 

CONTROL 

Typ Max Units 

500 ns 

150 300 ns 

150 300 ns 

500 ns 

200 400 ns 

200 400 ns 

B. GND ~ 

ANALOG MODE 
SELECT 

Combinations of chip enable and byte enable 
control signals which may be used when interfacing 
the TSC804 to parallel data lines are shown in Figure 
2. The OE input may be tied low, allowing either byte 
to be controlled by its own enable (Figure 2A). Figure 
28 shows the HBEN and LBEN as flag inputs, and OE 
as a master enable, which could be the READ strobe 
available from most microprocessors. Figure 2C shows 
a configuration where the two byte enables are 
connected together. The OE is a chip select, and the 
HBEN and LBEN may be used as a second chip 
select or connected to ground. 

CHIP SELECT 1 
GND 

CHIP SELECT 

c. 
OE ANALOG MODE OE 

SELECT 

99-812 
POL, OR 

81-812 
14 

POL, OR 

.., ... .., ... Bl-BB 

ANALOG TSC804 ANALOG TSC804' 
IN IN 

AUN/HOLD --- RUN/HOLD 
CONVERT CONVERT 

HBEN LBEN HBEN LBEN 

GND OR 
CHIP SELECT 2 BYTE FLAGS 

Figure 2: Direct Mode Chip and Byte Enable Combinations 
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TSC804 

ADDRESS BUS ------i --1 I __ _=rr _ __) 
CONTROL BUS - -- - - - ---~ 

~~DA'l,~b--- __ J l--- I I _; 
~----··---------·---- ----

GND-~--

ANALOG 

Ej 

ANALOG 
IN 

MODE OE 

89-812 

POL, OR 1-----~/ 

RUN/HOLD 

...,~ 81-BB 

TSC804 t---~i 
STATUS 

(FLAG) 

HBEN LBEN 

GNO--

RD WR 

PC, 

07-00 

8255 
(MODE 0) 

AO-Al 
cs 

87C48, 
8008,8080, 

8085, 8048 ETC 

Figure 3: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer 

Handshake Mode (MODE = 1 or JL) 
The handshake mode is an alternative means 

of interfacing the TSC804 to digital systems. It provides 
a means for having the TSC804 become active in 
controlling the flow of data. This mode allows a direct 
interface between the TSC804 and standard UART's 
with no external logic required. The TSC804 provides 
all the control and flag signals necessary to sequence 
the data into the UART and initiate the serial trans
mission. 

The handshake mode is activated when the 
MODE input pin is held high. The data transfer 
sequence is started atthe end of the conversion cycle 
and after new data has been stored in the output 
latches. 

The data transfer sequence may also be 
initiated at any time during the conversion cycle by a 
positive going pulse applied to the MODE pin. If the 
low to high transition occurs while new data is being 
stored, the entry into the handshake mode is delayed 
until the data is stable. 

Whenever the handshake mode has been 
activated, OUTPUT ENABLE (OE), LOW BYTE 
ENABLE (LBEN) and HIGH BYTE ENABLE (HBEN) 
become outputs. These outputs are then used to "talk 
to" the UART. The DATA REQUEST (DROST) input is 
used by the UART to transfer data. (see "UART 
Interfacing") 

Handshake Mode Data Transfer 
The TSC804 actively controls the data transfer 

to peripherals through the handshake data transfer 
l"Tl_()_~-".c In this mode, OE (pin 38), LBEN (pin 40) and 
HBEN (pin 41) are each TTL compatible outputs. A 
LOW on OE signals that valid data is available for the 
peripheral. A LOW on HBEN or LBEN indicate which 
data byte is being transferred. A HIGH input to the 
TSC804 on DROST (pin 38) initializes the data transfer. 
The high byte is transferred first followed by the low 
byte. Data DROST may be taken LOW to delay the 
transfer between data bytes. 

Handshake output sequences may be per
formed on demand by triggering the converter into 
handshake mode with a low to high edge on the 
MODE input. A handshake output sequence triggered 
is shown in Figure 5. The DROST input is low when 
the converter enter handshake mode. The whole 
output sequence is controlled by the DROST input, 
and the sequence for the first (high order) byte is 
similar to the sequence for the second byte. 

These diagrams also show that the output 
sequence can take longer than a conversion cycle. 
New data will not be latched when the handshake 
mode is still in progress and is therefore lost. 
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Handshake Mode Truth Table 

Inputs 

MODE1 DROST OE2 

1 0 1 
x 1 SL 
x 0 1 
x 1 _n_ 

x 1 1 

, MODE pulsed high or held high 
2 Data strobe 

LBEN 

1 
1 
1 
0 
1 

Outputs 

HBEN STATUS 81 ... Ba Bg ..• 812, OR, POL 

1 1 high z high z 
0 0 high z high byte 
0 0 high z high byte 
1 0 low byte high z 
1 0 high z high z 

ADDRESS BUS 

_ _J 

I I I C-~1~1-=1 
~~~~~~~~--~~~---,----,-~~~~~o•,r•_•,us~~~~~,-,-~-.,~~--,---,-·=:::? 

CONTROL BUS 

I I 

ANALOG 
SELECT 89-812 

POL, OR 

.., ... 81-88 

TSC804 
oe 

ANALOG 
IN 

AUN/HciLD 

MOOE 

RD WR 

PA7-PA0 

8 

PC, 

PC5 

PCs 

PC, 

07-00 

8255 
(MODE1) 

AO-Al 
cs 

PC3t--------t INTR 

Figure 4: Handshake Interface-TSC804 to MCS-48, -80, -85 
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TSC804 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK 

INTERNAL 

ZERO CROSSING OCCURS 

I ZERO CROSSING DETECTED 

/ 

LATCH --------' 

STATUS ----------i 
OUTPUT 

PRODUCT INFORMATION 

~~~~ --~M:O:D:E ~H~IG=H~A:C~T:IV:AT~E=S-~·CT<:]:::;]::::]:::t~:]:::>].:·'.]· ·]·]· J~,]· ]]]]]]$[·.·.[:::::[· ·~· [ .. :[;:>'[. mmmmmam~l----
INTERNAL UART CE/LO-AD, HBEN, LBEN l---+-------+---+--------+---1 TERMINATES 

MODE _N_oR_M ___ -11,.--------! s~~~~6 UART MODE 

' ' __ 7 _ _._ 

HBEN 

,/ 

~------+---< r~-No-~-~-Nlo-0s-~-·:-.~-T-MO_D_E-+-/-._,.. ~ .. - _ J. _ 

HIGH BYTE 
DATA 

LBEN 

DATA VALID 

wwnn ___________ ------------
DATA 

DISABLES OUTPUTS CE/LOAD, HBEN LBEN, OE 

.. L .. \ .. J.._ 

DATA VALID 

Bi " DON'T CARE ----=THREE-STATE HIGH IMPEDANCE _,l_J.._ = THAEE-STATEWITHPULL-UP 

Figure 5: TSC804 Handshake with DROST Input Held Positive 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK 

INTERNAL 
LATCH 

STATUS 
OUTPUT 

MODE 
INPUT 

INTERNAL 
MODE 

DROST INPUT 
(UART TBRE) 

OE OUTPUT 
WART TBRL) 

HBEN 

HIGH BYTE 

CsEN 

UART 
NORM 

DROST 
SENSED 

L DATA 

LOW BYTE ---------- -- -------~ ,,_ __ _ 
DATA 

- = DON'T CARE - --- = THREE-STATE HIGH IMPEDANCE ---
Figure 6: TSC804 Handshake-Typical UART Interface Timing 
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TSC804 ANALOG MULTIPLEXER 
The on-board analog multiplexer can be 

configured for eight channel, single-ended input or for 
four channel, differential input. The single/differential 
input (SIG/DIF) selects the configuration. The eight 
channel mode is selected when SIG/DIF (pin 4) is tied 
HIGH and the four channel mode is selected when 
SIG/DIF is tied LOW. Either mode of operation 
permits both latched and transparent addressing. 

Analog Multiplexer Truth Table 

SGL/DIF 

x 
x 
x 
x 

X = don't care 
Notes: 

WE 

x 
0 
x 
1 

WR RST 

x 0 
0 x 
1 1 
x 1 

EN A2 

x x 
0 x 
x x 
x x 

TSC804 

A LO Won the reset input (RST) or writing a low 
into the enable input (EN) opens all (4 or 8) channels 
which permits direct input through the dedicated ana
log inputs (V1N• and V1N-). An external analog multi
plexer may be used instead of the internal multiplexer 
or in conjunction with it. (See "Analog Multiplexer 
Expansion"). 

A, Ao Converter Input Note 

x x V1N+ 

I 
V1N- (1) 

x x V1N+ V1N- (1) 
x x no change (2) 
x x no change (2) 

(1) Analog multiplexer disabled. v1N• and V1N- are inputs to the ND converter. 
(2) Analog channel address is latched. V1N +and V1N- are the outputs of the multiplexer as well as the inputs to the ND converter. The 

multiplexer channel selection cannot be changed if either WE or WR is HIGH. 

Eight Channel Operation {SGL/DIF = 1) 
Each of the single-ended inputs is referenced to V1N- and must comply with the same common-mode 

input. 

SGUDIF WE WR RST EN A2 A, Ao Converter Input 

1 0 0 1 1 3-bit address CHW V1N-

1 0 ...r 1 1 3-bit address CHW V1N-

1 ...r 0 1 1 3-bit address CHW V1N-

N = 1 thru 8 (A0, A1, A2) 

Four Channel Operation {SGL/DIF = 0) 
Bit 3 of the multiplexer address (A2) has no function when the four channel mode is selected. Each input 

is independently differential and may have different common-mode offsets. 

SGUDIF WE WR RST EN A2 A, Ao Converter Input 

0 0 0 1 1 x 2-bit address CHW CHN-
0 0 ..J 1 1 x 2-bit address CHW CHN-
0 ...r 0 1 1 x 2-bit address CHW CHN-

X = don't care, N = 1 thru 4 (A0, A1) 

8-53 

II 



TSC804 
ANALOG MULTIPLEXER ADDRESSING (all 
pin references are to PLCC package) 

Single-Ended/Differential (SIG/DIF, pin 4) 
If SIG/DIF is HIGH then the 8-channel, single

ended mode is selected. If SIG/DIF is LOW then the 
4-channel, differential mode is selected. 

The analog multiplexer has an internal ad
dress demultiplexer which is configured as either a "2 
of 8" for 4-channel operation or as a "1 of 8" for 8-
channel operation. 

Write (WR, pin 6) 
The WR input may be held LOW in order to 

employ transparent address operation. In transpar
ent operation, the multiplexer switches respond di
rectly to the inputs on the address lines (A0, A1 ,A2) 
and Enable input {EN, pin 13). 

The "latched" mode is entered whenever WR 
goes HIGH. The inputs on the address lines have no 
effect on the multiplexer switches until WR is pulsed 
LOW. These address lines may now be used for 
another purpose. 

Write Enable (WE, pin 5) 
The WE input must be LOW in orderforthe WR 

input to be enabled. The WE and WR inputs are 
AND'ed internally. 

Enable (EN, pin 13) 

The EN input is like an address input in that it 
may also _be latched in by a LOW to HIGH transition 
on the WR input. 

Reset (RST, pin 7) 
The RST input overrides all other inputs to 

the analog multiplexer. All of the multiplexer switches 
are open whenever RST is LOW. 

ANALOG MULTIPLEXER EXPANSION 
The analog multiplexer section of the TSC804 

may be expanded by using an external multiplexer 
either in conjunction with, or instead of, the internal 
multiplexer. 

The external multiplexer may be selected at 
any time when the internal multiplexer is disconnected: 

PRODUCT INFORMATION 

A LOW on the RST input or writing a logic LOW into the 
enable bit (EN, WR, and WE are LOW) will disconnect 
the internal multiplexer output from the analog input to 
the TSC804 converter. 

If an external analog multiplexer is to be used 
alone then RST should be tied LOW. If an external 
analog multiplexer is to be used in conjunction with 
the on-board multiplexer, EN should be used to 
switch between multiplexers. 

ANALOG SECTION (all pin references are to 
PLCC package) 

The analog section of the TSC804wi11 perform 
conversions at a rate determined by the clock fre
quency and the inputs to the Conversion Rate Selec
tion (bit 0, pin 7 and bit 1, pin 8). {See Conversion Rate 
table page 20). 

Each measurement cycle is divided into four 
phases. They are: 1) Auto-Zero (AZ), 2) Signal 
Integrate {INT}, 3) Reference Deintegrate (DE) and 4) 
Zero Integrate (ZI). 

1) Auto-Zero 

The Auto-Zero phase has a duration of from 
2048 to 6144 counts. During this phase, the analog 
input signal and reference voltage are disconnected 
from the analog section. The Auto-Zero capacitor 
(CAzl is charged to a value which represents the total 
system offsets. The charge on CAz will then be used 
to compensate the input during the signal integrate 
(INT) and the reference deintegrate (DE) phases. 

This phase is also used to charge the reference 
capacitor {CREF) to the value of the reference voltage. 

2) Signal Integrate 
The Signal Integrate phase is selected for 

2048 counts (Integrate Count). During this phase, the 
analog input signal is connected to the input of the 
buffer amplifier. The integrating amplifier will charge 
the integrate capacitor (CiNT) at a rate determined by 
the value of the input signal. 

At the end of the signal integrate phase, the 
voltage on C1NT will be equal to: 

V _ v Integrate Count x fcLOCK 
INT - IN x {equ 1) 

R1NT. C1NT 

8-54 



12-BIT µP-COMPATIBLE MULTIPLEXED A/D CONVERTER 

3) Reference Deintegrate 
The length of the Reference Deintegrate 

phase is determined by the absolute value of the 
voltage on CiNT at the end of the Signal Integrate 
phase, (i.e. ViNTl· The reference capacitor (CREF) is 
connected to the input of the buffer amplifier in the 
opposite phase of the input signal. The integrating 
amplifier will then cause the integrate capacitor 
(C1NT) to start discharging ata constant rate. This rate 
is determined by the value of the reference voltage. 
The 12-bit counter counts clock pulses during this 
phase and stops when CiNT is fully discharged (i.e. 
zero-crossing). 

The final count of the 12-bit counter is the 
binary value of the input signal and is equal to: 

Deintegrate Count = ViNT x RiNT · CiNT 
VREF fcLOCK 

(equ 2) 

4) Zero Integrate 
The Zero-Integrate phase is invoked only 

when an overrange has occurred. It has a duration of 
up to 1024 counts. This phase is used to completely 
discharge CAz and C1NT prior to the Auto-Zero phase. 
This insures that there is no residual charge on either 
capacitor which may cause a false auto-zero. 

Dual Slope Conversion Equation (combine equ 1 and 
equ 2) 

. V1N 
De1ntegrate Count = -- x Integrate Count 

VREF 

DETAILED DESCRIPTION 
Analog Section 

The Functional Diagram shows a block dia
gram of the Analog Section of the TSC804. The circuit 
will perform conversions at a rate determined by the 
clock frequency (8192 clock periods per cycle), when 
the RUN/HOLD input is left open or connected to v+. 
Each measurement cycle is divided into four phases 
as shown in Figure 8. They are: (1) Auto-Zero (AZ), (2) 
Signal Integrate (INT), (3) Reference Deintegrate 
(DE), and (4) Zero Integrator (ZI). 

TSC804 
Auto-Zero Phase (AZ) 

The buffer and the integrator inputs are 
disconnected from input high and input low and 
connected to analog common. The reference capacitor 
is charged to the reference voltage. A feedback loop is 
closed around the system to charge the auto-zero 
capacitor, CAz, to compensate for offset voltage in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the AZ accuracy is 
limited only by the noise of the system: The offset 
referred to the input is less than 10µV. 

Signal Integrate Phase (SI) 
The buffer and integrator inputs are removed 

from COMMON and connected to input high and 
input low. The auto-zero loop is opened. The auto
zero capacitor is placed in series in the loop to provide 
an equal and opposite compensating offset voltage. 
The differential voltage between input high and input 
low is integrated for a fixed time of 2048 clock periods. 
At the end of this phase, the polarity of the integrated 
signal is determined. If the input signal has no return 
to the converter power supply, input low can be tied to 
analog common to establish the correct common
mode voltage. 

De-Integrate Phase (DI) 
Input high is connected across the previously 

charged reference capacitor and input low is internally 
connected to analog common. Circuitry within the 
chip ensures that the capacitor will be connected with 
the correct polarity to cause the integrator output to 
return to the zero crossing (established by AUTO
ZERO) with a fixed slope. The time, represented by 
the number of clock periods counted for the output to 
return to zero, is proportional to the input signal. 

Zero-Integrator Phase (ZI) 
The ZI phase only occurs when an input 

overrange condition exists. The function cf the ZI 
phase is to eliminate residual charge on the integrator 
capacitor after an overrange measurement. Unless 
removed, the residual charge will be transferred to the 
auto-zero capacitor and cause an error in the suc
ceeding conversion. 
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The ZI phase virtually eliminates hysterisis or 

"cross talk" in multiplexed systems. An overrange 
input on one channel will not cause an error on the 
next channel measured. This feature is especially 
useful in thermocouple measurements, where unused 
(or broken thermocouple) inputs are pulled to the 
positive supply rail. 

During ZI, the reference capacitor is charged 
to the reference voltage. The signal inputs are dis
connected from the buffer and integrator. The com
parator output is connected to the buffer input, 
causing the integrator output to be driven rapidly to 
OV (Figure 8). The ZI phase only occurs following an 
overrange and lasts for a maximum of 1024 clock 
periods. 

Differential Input 
The TSC804 has been optimized for operation 

with analog-common near digital ground. With +5V 
and-5V power supplies, a full ±4V full-scale integrator 
swing maximizes the analog section's performance. 

A typical CMRR of 86dB is achieved for input 
differential voltages anywhere within the typical 
common-mode range of 1.0 Volts below the positive 
supply to 1.5 Volts above the negative supply. However, 
for optimum performance the V1N+ and v1N- inputs 
should not come within 2V of either supply rail. Since 
the integrator also swings with the common-mode 
voltage, care must be exercised to assure the integrator 
does not saturate. A worst case condition is near a 
full-scale negative differential input voltage with a 
large positive common-mode voltage. The negative 
input signal drives the integrator positive when most 
of its swing has been used up by the positive 
common-mode voltage. In such cases, the integrator 
swing can be reduced to less than the recommended 
±4V full-scale value, with some loss of accuracy. The 
integrator output can swing to within 0.3 Volts of 
either supply without loss of linearity. 

Differential Reference 
The reference voltage can be generated 

anywhere within the power supply voltage of the 
converter. Rollover voltage is the main source of 
common-mode error. It is caused by the reference 
capacitor losing or gaining charge due to stray 
capacity on its nodes. With a large common-mode 

PRODUCT INFORMATION 

voltage, the reference capacitor can gain charge 
(increase voltage) when called upon to de-integrate a 
positive signal and lose charge (decrease voltage) 
when called upon to de-integrate a negative input 
signal. This difference in reference for(+) or(-) input 
voltage will cause a roll-over error. This error can be 
held to less than 0.5 count worst case by using a large 
reference capacitor in comparison to the stray capa
citance. To minimize roll-over error from these above 
sources keep the reference common-mode voltage 
near or at analog common. 

Digital Section 

The digital section is shown in the block dia
gram, (Figure 9), and includes the clock oscillator and 
scaling circuit, a 12-bit binary counter with output 
latches and TTL-compatible three-state output drivers, 
UART handshake logic, polarity, overrange and con
trol logic. 

Inputs driven from TTL gates should have 
3-5KO pull-up resistors added for maximum noise 
immunity. For minimum power consumption, all inputs 
should swing from GND (low) to v+ (high). 

STATUS Output 
During a conversion cycle, the STATUS out

put goes high at the beginning of Signal Integrate and 
goes low one-half clock period after new data from the 
conversion has been stored in the output latches. See 
Figure 8. The signal may be used as a "data valid" flag 
to drive interrupts, or for monitoring the status of the 
converter. (Data will not change while STATUS is low). 
Status is also output on Data Bit 8, when the TSC804 
is in direct mode (Mode= 0, LBEN = 1, HBEN = 0). 

MODE Input 
The output mode of the converter is controlled 

by the MODE Input. The conveter is in its "Direct" 
output mode, when the MODE pin is low or left open. 
The output data is directly accessible under the 
control of the chip and byte enable inputs (this input is 
provided with a pull-down resistor to ensure a low 
level when the pin is left open). When the MODE input 
is pulsed high, the converter enters the UART hand
shake mode and outputs the data in two bytes, then 
returns to "direct" mode. When the MODE input is 
kept high, the converter will output data in the 
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handshake mode at the end of every conversion 
cycle. With MODE = 0 (Direct BUS Transfer) the 
DROST input should be tied to v+. (See Handshake 
Mode Section). 

RUN/HOLD Input 
With RUN/HOLD high or open, the circuit 

operates normally as a dual slope ND as shown in 
Figure 8. Conversion cycles operate continuously 
with the output latches updated after zero crossing in 
the de-integrate mode. An internal pull-up resistor is 
provided to insure a high level with an open input. 

The RUN/HOLD may be used to shorten 
conversion time. If the RUN/HOLD goes low at 
anytime after zero crossing in the de-integrate mode, 
the circuit will jump to auto-zero and eliminate that 
portion of time normally spent in de-integrate. 

If RUN/HOLD stays or goes low the conver
sion will complete with minimum time in de-integrate. 
It will stay in auto-zero for the minimum time and wait 
in auto-zero for a high in the RUN/HOLD input. As 
shown in Figure 10, the STATUS output will go high 
seven clock periods after RUN/HOLD is changed to 
high, and the converter will begin the integrate phase 
of the next conversion. 

The RUN/HOLD input allows controlled con
version interface. The converter may be held at idle in 
auto-zero with RUN/HOLD low. The conversion is 
started when RUN/HOLD goes high and the new data 
is valid when the STATUS output goes low (or is 
transferred to the UART -see Handshake Mode). 
RUN/HOLD may now go low, terminating deintegrate 
and ensuring a minimum auto-zero time before 
stopping to wait for the next conversion. Conversion 
time can be minimized by ensuring RUN/HOLD goes 

TSC804 
low during deintegrate, after zero crossing, and goes 
high after the hold point is reached. The required 
activity on the RUN/HOLD input can be provided by 
connecting it to the Buffered Oscillator output. In this 
mode, the input value measured determines the 
conversion time. 

Signal Integrate Phase (SIP) Output 
The SIP output is high when the TSC804 is in 

the Signal Integrate phase of a conversion. SIP should 
be used to control multiplexer address changes. The 
falling edge of SIP indicates that the TSC804 has 
completed signal integration for the current conversion 
cycle, and that the analog input can be changed. 
Changing the multiplexer address on the falling edge of 
SIP will guarantee maximum analog input signal set
tling time before the next conversion. 

Oscillator 
The TSC804 is designed to operate with an 

internal crystal oscillator or with an external clock. The 
oscillator mode is selected with the INT/EXT input. A 
programmable divider permits control of the conver
sion rate, using hardware or software, over a range of 
8 to 1. 

For external oscillator operation, the INT/EXT 
input is connected to DGND. The external oscillator is 
connected to the OSC1 input, as shown in Figure 10. 
The oscillator signal should swing from DGND to v•. 
The ADC system clock frequency will be the oscillator 
frequency divided by the value selected by the fre
quency select divider. 

Connecting INT/EXT!o v• enables the internal 
crystal oscillator. Two on-chip capacitors and a feed
back device are added to the oscillator, as shown in 

DEINT TERMINATED I _AUTOZERO _.J INT 
AT ZERO CROSSING ~I'*"""' PHASE I I STATIC IN r- PHASE II 

INTEGRATOR DETECTION I I HOLD STATE I 
OUTPUT I I ~ I 

- , , I t--- 7 COUNTS ---------1 
INTERNAL CLOCK i..r 'Ln.IU1... ,J"U"lfirulfi. J1.nJlJ1J1.. ...n...r--1 -ui.nnnrtflil.I 

I I I 
INTERNAL LATCH I I 

STATUS OUTPUT r---
RUN/HOLO INPUT I 

L ___________ L__r:::J~ ~ L--------i----
* RUN/HOLD INPUT IS IGNORED UNTIL END OF AUTO ZERO PHASE 

Figure 7: TSC804 RUN/HOLD Operation 
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TSC804 

INTEGRATOR 
OUTPUT FOR 
OVEARANGE 
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INTEGRATOR 

-..j ZI 

I 
I 
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I 
l-C--
1_ 
I AZ 

I ZERO INTEGRATOR 
PHASE FORCES 
INTEGRATOR OUTPUT 
TOOV 

~g~~~l j~P~T : 
~ A2. PHASE 1 ~ INT PHASE II ~----'-t--d''-- DEINT PHASE Ill -.!..- AZ ... 

INTERNAL CLOCK ~ ~ ;l.flI1J1.,. 'l.Ilniuu-
1 I I I 

INTERNAL LATCH I I I I 

STATUS OUTPUT ;.I -------" 

I 
I.- cJ~~~s ----.i..+- FIXED 2048 4096 COUNTS --.! 
I MIN. I COUNTS ""' MAX I 

~j """'AFTER ZERO CROSSING, 

NUMBER OF COUNTS TO ZERO CROSSING 1 ANALOG SECTION WILL 

PROPORTIONAL TO V1N ~~~NF~UJ~1ii~~ 

Figure 8: Conversion Timing (RUN/HOLD Pin High) 
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BYTE OUTPUTS 
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~" TSC804 
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OE I NTH 
ZI 

Figure 9: Digital Section 
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12-BIT µP-COMPATIBLE MULTIPLEXED A/D CONVERTER 

Figure 11. A crystal is then connected to the OSC1 and 
OSCO inputs. In this configuration, the oscillator will 
operate with most crystals in the 1 to 5 MHz range. 

The conversion rate is pin programmable, 
using the FSO and FS1 inputs. The frequency select 
divider will divide the oscillator frequency by 2, 4, 8, or 
16. The buffered ADC system clock is available at the 
SYSCLK output. Divider values can be hard-wired or 
jumper selected, or can be controlled by software via 
two bits of a µP output port. The divider truth table is 
shown in Figure 12. 

Test Input 
The counter and its outputs may be tested 

easily. When the TEST input is connected to DGND, 
the internal clock is disabled, and the counter outputs 
are all forced into the high state. When the input 
returns to the 1/2 (V+ - DGND) voltage or to v+ and 
one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latches are enabled when 
the TEST input is taken to a level halfway between v+ 
and DGND allowing the counter contents to be 
examined anytime. 

Component Value Selection 
The integrator output swing for full-scale 

should be as large as possible. For example, with ±5V 
supplies and ANALOG COMMON connected to DGND, 
the nominal integrator output swing at full-scale is 
±4V. Since the integrator output can go to 0.3V from 
eithersupplywithoutsignificantly effecting linearity, a 
4V integrator output swing allows 0.7V for variations 
in output swing due to component value and oscillator 
tolerances. With ±5V supplies and a common-mode 
voltage range of ±1V required, the component values 
should be selected to provide ±3V integrator output 
swing. Noise and rollover errors will be slightly worse 
than in the ±4V case. For large common-mode 
voltage ranges, the integrator output swing must be 
reduced further. This will increase both noise and 
rollover errors. To improve the performance, ±6V 
supplies may be used. 

Integrating Capacitor 
The integrating capacitor C1NT should be 

selected to give the maximum integrator output 
voltage swing that will not saturate the integrator to 

TSC804 

PROGRAMMABLE 
DIVIDER 

(+2, 4, 8 OR 16) 

INT/EXT OSC1 OSCO FSO FS1 

EXTERNAL NC 
OSCILLATOR INPUT 

"'llrTSC804 

SYS CLOCK 

Figure 10: External Oscillator Connection 

V+ 

1 

INT/EXT OSC1 

V+ 

~TSC804 
V+ 

1 

PROGRAMMABLE 
X>--4~-I DIVIDER 

(+2, 4, 8 OR 16) 

OSCO FSO FS1 

Figure 11: TSC804 Crystal Oscillator 

SYS CLOCK 

within 0.3 volt from either supply. A ±3.5 to ±4 volt 
integrator output swing is nominal for the TSC804 
with ±5 volt supplies and ANALOG COMMON con
nected to DGND. For 7% conversions per second 
(61.72KHz internal clock frequency) nominal values 
CiNT and CAz are 0.15µF and 0.33µF, respectively. 
These values should be changed if different clock 
frequencies are used to maintain the integrator output 
voltage swing. The value of C1NT is given by: 

C = (2048 x Clock Period) (20µA) 
INT Integrator Output Voltage Swing (V1NT) 

Integrating Converter Features 
The output of Integrating AID converters 

represents the integral or average of an input voltage 
over a fixed period of time. Compared with techniques 
in which the input is sampled and held, the integrating 
converter will average the effects of noise. A second 
important characteristic is that time is used to quantise 
the answer, resulting in extremely small non-linearity 
errors and no missing output codes. The integrating 
converter also has very good rejection of frequencies 
whose periods are an integral multiple of the measure
ment period. This feature can be used to advantage in 
reducing line frequency noise. (Figure 13). 
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TSC804 

-5V 

FSo FS1 

V' 

ANALOG 
INPUTS 

v-
BU Four 

1.0MHz 

I 

OSCo OSC1 

.., ... 
TSC 
804 

DIGITAL 
OUTPUT 

Figure 12: Recommended Component Values for 
VFs = 409.6mV. (See Table Below). 

Conversion Rate FS1 FSo 

60 Conv/Sec 0 0 

30 Conv/Sec 0 1 

1S Conv/Sec 1 0 

7.S Conv/Sec 1 1 

Multiply R1NT by =50 for VFs = 2.048V. 

PRODUCT INFORMATION 

T ~MEASUREMENT PERIOD 

oi.-.-:::::i.....-.l..-L.L.L.L.LJL.L_~-'--'---"-J...J..J....L..J..J 

0.1/T 1/T 10/T 

INPUT FREQUENCY 

Figure 13: Normal Mode Rejection of Dual-Slope 
Converter as a Function of Frequency. 

R1NT CAz C1NT Rx 

24K .033µ .01Sµ son 
24K .068µ .033µ son 
24K 0.1Sµ .068µ son 
20K 0.33µ 0.1Sµ on 
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'11ir-TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC850* 
16-BIT FAST INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 

FUNCTIONAL DIAGRAM 

IN+ 
IN· 

COMMON 

REF2+ 

a ·d 
CONTROL 

SEQUENCER 

FEATURES 
• 15-bit Resolution plus Sign Bit 
• Up to 40 Conversions per Second, Typical 

- 12 Conv/sec Guaranteed 
• Integrating AID Conversion Technique 

- Monotonic 
- High Noise Immunity 
- Auto-Zeroed Amplifiers Eliminate Offset 

Trimming 
• 96 dB Dynamic Range Plus 1 OOµV Sensitivity 
• Low Input Bias Current . . . . . . . . . . . . . . . . 30pA 
• Low Input Noise . . . . . . . . . . . . . . . . . . . . . . 30µVp-p 
• Flexible Operational Control 

- Continuous or On-Demand Conversions 
- Data Valid Output 

• Bus Compatible, 3-State Data Outputs 
- 8-bit Data Bus 
- Simple µP Interface 
- Two Chip Enabl!MI 
- Read AID Converter Result Like Memory 

• On-Chip Crystal Oscillator 
• ±5V Power Supply Operation • • • • • • • • 20mW 

• 40-pin DIP or 44-pin PLCC Packages 

-SY +SY 

9-BIT UP/DOWN 
COUNTER 

3-STATE DATA BUS 

CONT/ UH OVA/ WR Ro cs CE 
DEMAND POL DBO DB7 

• Patent Pending 1988 
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GENERAL DESCRIPTION 
The TSC850 is a monolithic CMOS ADC with 

resolution of 15 bits plus sign. The TSC850 combines 
a chopper-stabilized buffer and integrator with a 
novel multislope integration technique to increase 
conversion speed. The result is a 16 times improvement 
in speed over previous 15 bit monolithic integrating 
ADCs, from 2.5 conversions per second to up to 40 
per sec. Faster conversion speed is especially welcome 
in systems which include a human interface, such as 
digital scales. 

The TSC850 incorporates an A-D converter, 
µP compatible digital interface, and crystal oscillator 
on-chip. Only a voltage reference, crystal, and a few 
noncritical passive components are required to form 
a complete 15-bit plus sign A-D conversion system. 

CMOS processing provides the TSC850 with 
high impedance differential inputs. Input bias current 
is typically only 30pA, which permits direct interface 
to sensors. Input sensitivity of 100µV per LSB can 
eliminate the need for precision external amplifiers. 
The internal amplifiers are auto-zeroed, which guaran
tees a zero digital output with OV analog input. No 
zero adjustment pots or calibrations are required. 

Pin Configuration 

~ 
TSC850 
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The TSC850 outputs data on an 8 bit, 3-state 
bus. Digital inputs are CMOS compatible and outputs 
are TTL/CMOS compatible. Chip enable and byte 
select inputs and an end of conversion output ensure 
easy interfacing to a wide variety of microprocessors. 
Conversions can be performed continuously or on 
command. In the continuous mode, data is read as 
three consecutive bytes and no manipulation of 
address lines is required. 

Operating from ±5V supplies, the TSC850 
dissipates only 20mW. The part is packaged in 40 pin 
plastic or CerDIP dual in line packages, and in a 44 pin 
Plastic Leaded Chip Carrier (PLCC) surface mount 
package. 

Ordering Information 

Part No. 

TSC850CLW 

TSC850CPL 

TSC8501LW 

TSC8501JL 

DB1 
DBO 

Package 

44-pin Plastic Leaded 
Chip Carrier (PLCC) 

40-pin Plastic DIP 

44-pin Plastic Leaded 
Chip Carrier (PLCC) 

40-pin CerDIP 

..,~ 

TSC850CLW 
TSC8501LW 

NOTE: NC= NO INTERNAL CONNECTION 

Temp. Range 

0°c to +70°C 

0°C to +70°C 

-25°C to +85°C 

-25°C to +85°C 



15-BIT MONOLITHIC CMOS ADC 

TSC850 
Absolute Maximum Ratings 

Package Power Dissipation Positive Supply Voltage (Vs+ to GND) . . . . . . . 6V 
Negative Supply Voltage (Vs- to GND) . . . . . -9V 
Analog Input Voltage (IN+ or IN-) .... Vs+ to Vs
Voltage Reference Input 

CerDIP Package . . . . . . . . . . . . . . 1 Watt @ +85°C 
Plastic DIP Package . . . . . . . . 0.5 Watt @ +70°C 
Plastic PLCC Package ...... 0.5 Watt@ +70°C 

(REF1+, REF,-, REF2+) ............. Vs+ to Vs- Ambient Operating Temperature Range 
Logic Input Voltage ... Vs+ + 0.3V to GND - 0.3V IJL, ILW Package . . . . . . . . . . . . . -25°C to +85°C 

CLW, CPL Package . . . . . . . . . . . . . 0°c to +70°C 
Lead Soldering Temperature 

Current Into Any Pin .................... 10mA 
While Operating . . . . . . . . . . . . . . . . . . . . . . . 100µA 

(10 Seconds) . . . . . . . . . . . . . . . . . . . . . . . . . +300°C 

Electrical Characteristics: Vs= ±5V, fcLK = 61.44kHz, VFs = 3.2768V, TA= 25°C, Figure 1 Test Circuit 

SYM- TSC850 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VzsE Zero-Scale Error V1N = OV ±0.25 ±0.5 LSB 

NL End Point Linearity Error -VFS :S V1N :S +VFS - ±1 ±2 LSB 

DNL Differential Nonlinearity - ±0.1 ±0.5 LSB 

l1N Input Leakage Current V1N = OV, TA = 25°C - 30 75 pA 
0°c::::: TA::::: +70°C - - -
-25°C ::::: TA ::::: +85°C - 1.1 3 nA 

VCMR Common Mode Voltage Over Operating Vs- +1.5 - Vs+ -1.5 v 
Range Temperature Range 

CMRR Common Mode Rejection V1N = OV - 80 - dB 
Ratio VcM = ±1V 

VFSTC Full-Scale Gain External Ref Temperature 
Temp Coefficient Coefficient = Oppm/°C - 2 5 ppm/°C 

0°C ::::: TA ::::: + 70°C 

VzsTC Zero-Scale Error V1N = OV - 0.3 2 µV/°C 
Temp Coefficient 0°C::::: TA::::: +70°C 

VsvE Full-Scale Magnitude V1N = ±3.275V - 0.5 2 LSB 
Symmetry Error 

EN Input Noise Not Exceeded 95% of Time - 30 - µVp-p 

Is+ Positive Supply Current - 2 3.5 mA 

Is- Negative Supply Current - 2 3.5 mA 

VoH Output High Voltage lo = 500µA 3.5 4.9 - v 
Vm Output Low Voltage 10 = 1.6mA - 0.15 0.4 v 
lop Output Leakage Current Pins 8-15 - 0.1 1 µA 

High Impedance State 

V1H Input High Voltage Note 3 3.5 2.3 - v 
V1L Input Low Voltage Note 3 - 2.1 1 v 
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PRODUCT INFORMATION 

TSC850 
Electrical Characteristics (continued) 
Vs = ±5V, fcLK = 61.44kHz, VFs = 3.2768V, TA = 25°C, Figure 1 Test Circuit 

SYM- TSC850 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lpu Input Pin Pullup Current Pins 2, 3, 4, 6, 7 - 4 - µA 
V1N = OV 

lpo Input Pin Pulldown Pins 1 & 5 - 14 - µA 
Current V1N = 5V 

lose Oscillator Output Current Pin 18 - 140 - µA 
VouT = 2.5V 

C1N Input Capacitance Pins 1-7, 17 - 1 - pF 

CouT Output Capacitance Pins 8-15, High - 15 - pF 
Impedance State 

-
tcE Chip Enable Access Time CS or CE - 230 450 ns 

-
RD = low; Note 1 

tRE Read Enable Access Time CS = high, CE = low - 190 450 ns 
Note 1 

- -
toHC Data Hold from CS or CE RD= low - 250 450 ns 

Note 1 

toHR Data Hold from RD CS = high, CE = low - 210 450 ns 
Note 1 

top OVR/POL Data CS = high, CE = low, - 140 300 ns 
Access Time RD = low, Note 1 

-
tLH Low/High Byte CS = high, CE = low, - 140 300 ns 

Access Time RD = low, Note 1 

twRE RD Minimum Pulse Width CS = high, CE = low 450 230 - ns 
Note 2 

- -
twRD RD Minimum Delay Time CS = high, CE = low 150 50 - ns 

Note 2 

twwR WR Minimum Pulse Width CS = high, CE = low 75 25 - ns 
Demand Mode 

Notes 
1. Demand mode, CONT/DEMAND = low. Figure 10 timing diagram. CL = 100pF. 
2. Continuous mode, CONT/DEMAND = high. Figure 12 timing diagram. 
3. Digital inputs have CMOS logic levels and internal pullup/pulldown resistors. For TTL compatibility, external pullup resistors to V cc are 

recommended. 
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15-BIT MONOLITHIC CMOS ADC 

Pin Descriptions 

40-pin DIP 
Pin No. Symbol 

cs 

2 CE 

3 WR 

4 RD 

5 CONT/DEMAND 

6 OVR/POL 

7 L/H 

8 DB7 

9-15 DB6-DBO 

16 BUSY 

17 OSC1 

18 OSC2 

19 TEST 

20 DGND 

21 COMP 

22 Vs-

23 INTouT 

24 INT1N 

25 BUFFER 

26 Csurn 

27 CsuFA 

TSC850 

Description 

Chip Select, active high. Logically ANDed with CE to enable the Read and 
Write inputs. See note 5. 

Chip Enable, active low. See note 6. 

Write input, active low. When the chip is selected (CS= high and CE= low) 
and in demand mode (CONT/DEMAND= low), a logic low on WR will start a 
conversion. See note 6. 

Read input, active low. When CS= high and CE= low, a logic low on RD will 
enable the 3-State data outputs. See note 6. 

Conversion control input. When CONT/DEMAND = low, the TSC850 
conversions are initiated by the WR input. When CONT/DEMAND = high, 
the TSC850 will perform conversions continuously. See note 5. 

Overrange/Polarity data select input. When making conversions in the 
demand mode (CONT/DEMAND= low), OVR/POL controls the data which 
is output on output B7 when the High order byte is active. 
(See text and note 6). 

Low /High byte select input. When CONT/DEMAND = low, this input 
controls whether low byte or high byte data is enabled on outputs DBO 
through DB7. See note 6. 

Most significant data bit output. When reading the AID conversion result, 
the Polarity, Overrange, and DB7 data are output on this pin. See text. 

Data outputs DB6-DBO. 3-State, bus compatible. 

AID conversion status output. BUSY goes to a logic high at the beginning of 
the deintegrate phase and goes low when the conversion is complete. The 
falling edge of BUSY can be used to generate a µP interrupt. 

Crystal oscillator connection or external oscillator input. 

Crystal oscillator connection. 

For factory testing purposes only. Make no external connection to this pin. 

Digital ground connection. 

Connection for comparator auto-zero capacitor. Bypass to Vs- with 0.1µF. 

Negative power supply connection. Typically -5.0V. 

Output of the Integrator amplifier. Connect to C1NT· 

Input to the Integrator amplifier. Connectto summing node of R1NT and C1NT· 

Output of the input Buffer. Connect to R1NT· 

Connection for Buffer auto-zero capacitor. Bypass to Vs- with 0.1µF. 

Connection for Buffer auto-zero capacitor. Bypass to Vs- with 0.1µF. 
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PRODUCT INFORMATION 

lSC850 
Pin Descriptions {continued) 

40-pln DIP 
Pin No. Symbol Description 

28 C1NTA Connection for Integrator auto-zero capacitor. Bypass to Vs- with 0.1µF. 

29 C1NTB Connection for Integrator auto-zero capacitor. Bypass to Vs- with 0.1µF. 

30 COM Analog common. 

31 IN- Negative ·differential analog input. 

32 IN+ Positive differential analog input. 

33 REF2+ Input for reference voltage VREF2· 

34 CREF2+ Positive connection for the VREF2 reference capacitor. 

35 CREFr Negative connection for the VREF2 reference capacitor. 

36 REF1- Negative input for the primary AID converter reference voltage, VREF1. 

37 CREF1- Negative connection for the VREFi reference capacitor. 

38 CREF1+ Positive connection for the VREF1 reference capacitor. 

39 REF1+ Positive input for REF1. 

40 Vs+ Positive power supply connection. Typically +5.0V. 

Notes: 
5. This pin incorporates a pulldown resistor to DGND. 
6. This pin Incorporates a pullup resistor to V5+. 

GENERAL THEORY OF OPERATION 
The TSC850 is a multiple slope, integrating 

analog to digital converter. The multiple slope con
version process, combined with chopper-stabilized 
amplifiers, results in a significant increase in AID 
conversion speed while maintaining very high reso
lution and accuracy. 

Dual Slope Conversion Principles 
The conventional dual slope converter 

measurement cycle, shown in Figure 2A, has two 
distinct phases: 

• Input Signal Integration 
• Reference Voltage Integration (Deintegration) 

The input signal being converted is inte
grated for a fixed time period. Time is measured by 
counting clock pulses. An opposite polarity constant 
reference voltage is then integrated until the inte
grator output voltage returns to zero. The reference 
integration time is directly proportional to the input 
signal. 

In a simple dual slope converter a complete 
conversion requires the integrator output to "ramp
up" and "ramp-down." Most dual slope converters 
add a third phase (the "auto-zero" phase). During 
auto-zero the offset voltages of the input buffer, 
integrator, and comparator are nulled, thereby eli
minating the need for zero-offset adjustments. 

The dual slope converter accuracy is unre
lated to the integrating resistor and capacitor values 
as long as they are stable dur'ing a measurement 
cycle. By converting the unknown analog input 
voltage into an easily measured function of time, the 
dual slope converter reduces the need for expensive 
precision passive components. 

An inherent benefit of the integrating con
version method is noise immunity. Noise spikes are 
integn1ted or averaged to zero during the integration 
periods. Integrating ADCs are immune to the large 
conversion errors that plague successive approxi
mation converters in high noise environments. 

A simple mathematical equation relates the 
input signal, reference voltage and integration time: 
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15-BIT MONOLITHIC CMOS ADC 
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38 
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Figure 1. Standard Circuit Configuration 

_1_ rSIV ()d = VRTRI 
RC IN t t RC 

0 

where: VR = Reference Voltage 
T SI = Signal Integration Time (Fixed) 
TRI = Reference Voltage Integration Time 

(Variable) 

SIGNAL INTEGRATE 

//,REFERENCE DEINTEGRATE 

~~~g ~I/END OF CONVERSION 

INTEGRATOR ~- 0 V 
OUTPUT 

time-

Figure 2A. Dual Slope A-D Conversion Cycle 

TSC850 

/

SIGNAL INTEGRATE 

"FAST' REFERENCE DE!NTEGRATE 
(9 BIT RESOLUTION) I }"SLOW" REFERENCE DEINTEGRATE 

(6 BIT RESOLUTION) I END OF CONVERSION 

AUTOkhLI INTEGRATOR ZERO 

OUTPUT 
time----

Figure 28. TSC850 "Fast/Slow" Reference 
Deintegrate Cycle 

Multiple Slope Conversion Principles 

ov 

One limitation of the dual slope measurement 
technique is conversion speed. In a typical dual slope 
method the auto-zero and integrate times are each 112 
of the deintegrate time. For a 15 bit conversion, 214 + 
214 + 21s (65,536) clock pulses are required for 
autozero, integrate, and deintegrate phases, respec
tively. The large number of clock cycles effectively 
limits the conversion rate to about 2.5 conversions per 
second when a typical analog CMOS fabrication 
process is used. 

The TSC850 uses a multiple slope conversion 
technique to increase conversion speed (Figure 2B). 
This technique makes use of a two-slope deintegration 
phase and permits 15 bit resolution at up to 40 
conversions per second. 

During the TSC850's deintegration phase, 
the integration capacitor is rapidly discharged to yield 
a resolution of 9 bits. At this point, some charge will 
still remain on the capacitor. The remaining charge is 
then slowly deintegrated, producing an additional 6 
bits of resolution. The result is that 15 bits of resolution 
are achieved with only 29 + 26 (512 + 64, or 576) clock 
pulses for deintegration. A complete TSC850 conver
sion cycle occupies only 1280 clock pulses. 

In order to generate the "fast-slow" integration 
phases, two voltage references are required. The 
primary reference, VREF1• is set to one-half of the 
full-scale voltage (typically VREF1 =1.6384V, and VFS = 
3.2768V). The secondary voltage reference, VREF2• is 
set to VREF1/64 (typically 25.6mV). To maintain 15-bit 
linearity, a tolerance of 0.1% for VREF2 is suggested. 
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TSC850 ANALOG SECTION DESCRIPTION 
The TSC850 analog section consists of an 

input buffer amplifier, integrator amplifier, comparator, 
and analog switches. A simplified block diagram is 
shown in Figure 3. 

Conversion Timing 
Each TSC850 conversion consists of three 

phases: (1) Zero Integrator, (2) Signal Integrate, and 
(3) Reference Integrate. Each conversion cycle re
quires 1280 internal clock cycles (Figure 4). 

Zero Integrator Phase 
During the Zero Integrator cycle, the differ

ential input signal is disconnected from the circuit by 
opening internal analog gates. The internal nodes are 
shorted to analog common (ground) to establish a 
zero input condition. At the sanie time, a feedback 
loop is closed around the input buffer, integrator, and 
comparator. The feedback loop ensures that the 
integrator output is near zero volts before the signal 
integrate phase begins. 

During this phase, a chopper stabilization 
technique is used to cancel offset errors in the input 
buffer, integrator, and comparator. Error voltages are 
stored on the CsuFF. C1NT· and COMP autozero 
capacitors. The Zero Integrator phase requires 246 
clock cycles. 

Signal Integrate Phase 
The Zero Integrator loop is opened and the 

internal differential inputs are connected to IN+ and 
IN-. The differential input signal is integrated for a 
fixed time period. The TSC850 signal integrate period 
is 256 clock periods or counts. The crystal oscillator 
frequency is divided by four before clocking the 
internal counters. The integration time period is: 

4 
Tsi =--. x 256 

fosc 

Reference Integrate Phase 
The third phase is reference integrate (or 

delntegrate). During this phase, the charge stored on 
the integrator capacitor is discharged. The amount of 
time required to discharge the capacitor is proportional 
to .the analog input voltage. 

PRODUCT INFORMATION 

The reference integrate phase is itself divided 
into three subphases: (1) fast , (2) slow , and (3) 
overrange deintegrate. During fast deintegrate, V1w 
is internally connected to analog common and V1N+ is 
connected across the previously charged reference 
capacitor CREF1.The integrator capacitor is rapidly 
discharged for a maximum of 512 internal clock 
pulses, yielding 9 bits of resolution .• 

The next phase is slow deintegrate. The 
internal V1N+ node is now connected to the CREF2 
capacitor, and the residual charge on the integrator 
capacitor is further discharged for a maximum of 64 
clock pulses. At this point, the analog input voltage 
has been converted with 15 bits of resolution. 

If the analog input is greater than full scale, 
the TSC850 will perform up to three overrange 
deintegrate subphases. Each subphase will occupy a 
maximum of 64 clock pulses. The overrange feature 
permits analog inputs of up to 192 LSEis greater than 
full scale to be correctly converted. This feature 
permits the user to digitally null up to 192 counts of 
input offset while retaining full 15"bit resolution. 

In addition to 512 counts of fast, 64 counts of 
slow, and 192 counts of overrange deintegrate, the 
Reference Integrate phase uses 10 clock pulses to 
permit internal nodes to settle. The Reference Integrate 
cycle therefore occupies 778 clock pulses. 

PIN DESCRIPTION 
Differential Inputs 

The analog signal to be measured is applied 
atthe IN+ and IN-inputs. The.differential input voltage 
must be within the common-mode range of the 
converter. The input common-mode range extends 
from Vs+ - 1.5Vto Vs-+ 1.5V. Wit.hin this common
mode voltage range an 86dB CMRR is typical. 

The integrator output also follows the common
mode voltage. The integrator output must not be 
allowed to saturate. A worst case condition exists, for 
example, when a large positive common-mode voltage 
with a near full scale negative differential input 
voltage is applied. The negative input signal drives the 
integrator positive when most of its available swing 
has been used up by the positive common-mode 
voltage. For applications where maximum common
mode range is critical the integrator swing can be 
reduced. The integrator output can swing within 0.4V 
of either supply without loss of linearity. 
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C+REF1 REF,+ REF, C-REF1 

INT 

ZI 

COM---~ 

INT 
INT 

BUFFER INTIN 

« 
INTEGRATOR 

TSC850 

TO 
DIGITAL 
SECTION 

* AUTOZEROED AMPLIFIER 

IN---<X>-------------------~ 

Figure 3. TSC850 Analog Section, Simplified Schematic 

INTERNAL n n n . 
CLOCK _JU UL JUUL .. -1lillL· ...... JUUL 

~1-.._---:246---~·M-ol• ..... -256-~•~l~·l-----~778 ·I 
CONVERSION 

PHASE 
ZERO INTEGRATOR SIGNAL 

INTEGRATE 
REFERENCE INTEGRATE 

Figure 4. TSC850 Conversion Timing 

Differential Reference 
The TSC850 requires two reference voltage 

sources in orderto generate the "fast-slow" deintegrate 
phases. The main voltage reference, VREF1, is applied 
between the VREF1+ and VREF1- pins. The secondary 
reference, VREF2· is applied between the VREF2+ and 
VREF1- pins. 

The reference voltage inputs are fully differ
ential, and the reference voltage can be generated 
anywhere within the power supply voltage of the 
converter. However, to minimize roll-over error, 
especially at high conversion rates, keep the reference 

common-mode voltage (i.e. VREF1-) near or at the 
analog common potential. All voltage reference inputs 
are high impedance. Average reference input current 
is typically only 30pA. 

Analog Common 
Analog common is used as the IN- return 

during the system-zero and deintegrate phases of 
each conversion. If IN- is at a different potential than 
analog common, a common-mode voltage exists in 
the system. This signal is rejected by the 86dB CMRR 
of the converter. However, in most applications IN-

8-69 

II 



TSC850 
will be set at a fixed known voltage (power supply 
common, for instance). In this case, analog common 
should be tied to the same point so that the common
mode voltage is eliminated. 

Digital Section Description 
The TSC850 digital section consists of two 

sets of conversion counters, control and sequencing 
logic, clock oscillator and divider, data latches and an 
8-bit, 3-state interface bus. A simplified schematic of 
the bus interface logic is shown in Figure 5. 

Clock Oscillator 
The TSC850 includes a crystal oscillator 

on-chip. All that is required is to connect a crystal 
across the OSC1 and OSC2 pins, and to add two 
inexpensive capacitors (Figure 1). The oscillator 
output is divided by four prior to clocking the a-d 
internal counters. For example, a 100kHz crystal will 
produce a system clock frequency of 25kHz. Since 
each conversion requires 1280 clock periods, in this 
case the conversion rate will be 25,000/1280 or 19.5 
conversions per second. 

If desired, an external clock can also be used. 
In this case the OSC1 pin is used as the external 
oscillator input and OSC2 is left unconnected. The 
external clock driver shou Id swing from dig ital ground 
to Vs+. The divide by four function is active for both 
external clock and crystal oscillator operation. 

DBO-DB7 ----+'----! 

AD>------

CE'>---

cs 

WA>--------!! 
CONT/ .,_ _____ __. 

DEMAND 

PRODUCT INFORMATION 

TSC850 Digital Operating Modes 
Two modes of operation are available with the 

TSC850, continuous conversions and on-demand. 
The operating mode is controlled by the CONT/ 
DEMAND input. The bus interface method is different 
for continuous and demand modes of operation. 

Demand Mode Operation 
When CONT/DEMAND is low, the TSC850 

will perform one conversion each time the chip is 
selected and the WR input is pulsed low. Data is valid 
on the falling edge of the BUSY output, and can be 
accessed using the interface Truth Table (Table 1). 

Continuous Mode Operation 
When CONT/DEMAND is high, the TSC850 

will perform conversions continuously. Data will be 
valid on the falling edge of the BUSY output, and will 
remain valid for 443% clock cycles. 

The Low/High byte select and Overrange/ 
Polarity bit select inputs are disabled during conti
nuous mode operation. Data must be read in three 
consecutive bytes, as shown in Table 1. 
Note: In continuous mode, the conversion result must be read 
within 443% clock cycles of the BUSY output falling edge. After 
this time (i.e. % clock cycle before BUSY goes high) the internal 
counters are reset and the data is lost. 

START 
CONVERSION 

SELECT 

2-INPUT 
MUX 

LOW BYTE 
UP/DOWN 
COUNTER 

HIGH BYTE 
UP/DOWN 
COUNTER 

POLARITY 

OVER
RANGE 

TOA-D 
CONTROL 
LOGIC 

~------END OF 
CONVERSION 

Figure 5. TSC850 Bus Interface-Simplified Schematic 
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15-BIT MONOLITHIC CMOS ADC 

TSC850 
Table 1: TSC850 Bus Interface Truth Table 

CE-CS RD CONT/DEMAND L/H OVR/POL DB7 DB6· DBO 

Pins 1&2 Pin 4 Pin 5 Pin 7 Pin 6 Pin 8 Pin 9. Pin 15 (Note 1) 

0 0 0 0 0 "1" = Input Positive Data Bits 14-8 

0 0 0 0 "1" = Input Overrange Data Bits 14-8 
Note 2 

0 0 0 x Data Bit 7 Data Bits 6-0 

0 0 x x Note 3 

0 x x x High Impedance State 

x x x x High Impedance State 

Notes: 
1. Pin numbers refer to 40 pin DIP package. 
2. Extended Overrange operation: 

Although rated at 15 bits (±32,767 counts) of resolution, the TSC850 provides an additional 191 counts above "full-scale". For 
example, with a full-scale input of 3.2768V the maximum analog input voltage which will be properly converted is 3.2958V. The 
extended resolution is signified by the Overrange bit being high and the low order byte contents being between O and 190. For 
example, with a full-scale voltage of 3.2768V: 
v,N Overrange bit Low byte Data Bits 14-8 
3.2767V low 25510 

3.2768V high 00010 
3.2769V high 00110 
3.2867V high 09910 

3. Continuous mode data transfer: 
A. In continuous mode, data MUST be read in three sequential bytes after the BUSY output goes low: 

1. The first byte read will be the high order byte, with DB? 0 polarity. 
2. The second byte read will contain the low-order byte. 
3. The third byte read will again be the high-order byte, but with DB? 0 overrange. 

B. All three data bytes must be read within 443% clock cycles after the falling edge of BUSY. 
C. The RD input must go high after each byte is read, so thatthe internal byte counter will be incremented. However, the CS and CE 
inputs can remain enabled through the entire data transfer sequence. 

PIN DESCRIPTION 
Chip Select and Chip Enable (CS and CE) 

The CS and CE inputs permit easy interfacing 
to a variety of digital bus systems. CE is active low 
while CS is active high. These inputs are logically 
ANDed internally and are used to enable the RD and 
WR inputs. 

Write Enable Input (WR) 
The write input is used to initiate a conversion, 

when the TSC850 is in the demand mode. CS and CE 
must be active for the WR input to be recognized. The 
status of the data bus is meaningless during the WR 
pulse, because no data is actually written into the 
TSC850. 

Read Enable Input (RD) 
The read input, combined with CS and CE, 

enables the 3-state data bus outputs. Also, when the 
TSC850 is in continuous mode the rising edge of the 
RD input activates an internal byte counter to sequen
tially read the three data bytes. 

Low/High Byte Select (LIA) 
The L/H input determines whether the low 

(least significant) byte or high (most significant) byte 
of data is placed on the 3-state data bus. This input is 
only meaningful when the TSC850 is in the demand 
mode. In the continuous mode data must be read in 
three predetermined bytes, so the L/H input is ignored. 
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TSC850 
Overrange/Polarity bit select {OVR/POL) 

The TSC850 provides 15 bits of resolution, 
plus polarity and overrange bits. Thus 17 bits of 
information must be transferred on an 8-bit data bus. 
To accomplish this, the overrange and polarity bits are 
multiplexed onto data bit B7 of the most significant 
byte. When OVA/POL is high, B7 of the high byte will 
contain the overrange status (high = analog input 
overrange, low = input within full scale). When 
OVR/POL is low, B7 will be high for positive analog 
input polarity and low for negative polarity. The 
OVR/POL input is only meaningful when CS, CE, and 
RD are active, and L/H is low (i.e. the most significant 
byte is selected). Also, OVA/POL is ignored when the 
TSC850 is in continuous mode. 

Continuous/Demand Mode Input 
(CONT/DEMAND) 

This input controls the TSC850 operating 
mode. When CONT/DEMAND is high, the TSC850 
will perform conversions continuously. In continuous 
mode, data must be read in the prescribed sequence 
shown in Table 1. Also, all three data bytes must be 
read within 443% internal clock cycles after the BUSY 
output goes low. After 443% clock cycles the data will 
be lost. 

When CONT/DEMAND is low, the TSC850 
will begin a conversion each time that CS and 
CE are active and the WR input is pulsed low. The 
conversion will be complete and data can be read 
after the falling edge of the BUSY output. In demand 
mode, data can be read in any sequence, and data will 
remain valid until the WR input is again pulsed low. 

Busy Output (BUSY) 
The BUSY output is used to convey an end

of-conversion to external logic. BUSY goes high at 
the beginning of the deintegrate phase, and goes low 
at the end of the conversion cycle. Data is valid on the 
falling edge of BUSY. The output high period is fixed 
at 836 clock periods, regardless of the analog input 
value. BUSY is active during both continuous and 
demand mode operation. 

The BUSY output can be used to generate an 
end-of-conversion interrupt in µP-based systems. 
Non-interrupt-driven systems can poll BUSY to de
termine when data is valid. 

PRODUCT INFORMATION 

ANALOG SECTION APPLICATIONS 
INFORMATION 
Component selection 
Reference Voltage 

The typical value for reference voltage VREF1 
is 1.6384V. This value will yield a full-scale voltage of 
3.2768V and resolution of 100µV per step. The VREF2 
value is derived by dividing VREF1 by 64. Thus, the 
typical VREF2 value is 1.6384V/64, or 25.6mV. The 
VREF2 value should be adjusted within ±0.1% to 
maintain 15-bit accuracy for the total conversion 
process. 

The reference voltage is not limited to exactly 
1.6384V, however, because the TSC850 performs a 
ratiometric conversion. Therefore, the conversion 
result will be: 

Digital counts=~ • 16384 
VREF1 

The full-scale voltage can range from 3.2V to 
3.5V. Full-scale voltages of less than 3.2V will result in 
increased noise in the least significant bits, while a 
full-scale above 3.5V will exceed the input common
mode range. 

Integration Resistor 
The TSC850 buffer will supply 25µA of inte

grator charging current with minimal linearity error. 
R1NT is easily calculated: 

R _ VFULL SCALE 
INT - 25µA 

For a full-scale voltage of 3.2768V, values of 
R1NT between 120k0and 150kn are acceptable. 

Integration Capacitor 
The integration capacitor should be selected 

to produce an integrator swing of 4.0V to 4.3V at full
scale. The capacitor value is easily calculated: 

v • 256 * (-f 4 ) 
FULLSCALE CRYSTAL c = ~~~~~~~~~~ 

RINT* 4V 

Where fcRYSTAL is the crystal or external oscillator 
frequency. 
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15-BIT MONOLITHIC CMOS ADC 

The integration capacitor should be selected 
for low dielectric absorption to prevent roll-over 
errors. A polypropylene or polycarbonate dielectric 
capacitor is recommended. 

Reference Capacitors 
The reference capacitors require a low leakage 

dielectric such as polypropylene or polycarbonate. A 
value of 1.0µF is recommended for operation over the 
temperature range. If high temperature operation is 
not required, the CREF values can be reduced. 

Autozero Capacitors 
Five capacitors are required to autozero the 

input buffer, integrator amplifier, and comparator. 
0.1µF film dielectric (such as Mylar (TM) or polypro
pylene) capacitors are recommended. Ceramic capa
citors are not recommended. 

DIGITAL SECTION APPLICATION 
INFORMATION 
Oscillator 

The TSC850 typically operates with a crystal 
oscillator. The crystal selected should be designed for 
a Pierce oscillator, such as an AT-cut quartz crystal. 
The crystal oscillator schematic is shown in Figure 6. 

The TSC850 clock can also be derived from 
an external source, such as a microprocessor clock. If 
an external clock is used, the clock should be input on 
the OSC1 pin and no connection should be made to 
the OSC2 pin. The external clock should swing 
between DGND and Vs+. 

Since the oscillatorfrequency is divided inter
nally by four and each conversion requires 1280 
internal clock cycles, the conversion rate will be: 

Conversion rate = 4 
1?~~80 

One important advantage of the integrating 
a-d converter is the ability to reject periodic noise. 
Th is lea tu re is most often used to reject Ii ne frequency 
(50Hz or 60Hz) noise. Noise rejection is accomplished 
by selecting the integration period equal to one or 
more line frequency cycles. The desired clock fre
quency is selected as follows: 

1osc = !NOISE. 4 * 256 

TSC850 
where !NOISE is the noise frequency to be rejected, 4 
represents the clock divider, and 256 is the number of 
integrate cycles. 

For example, 60Hz noise will be rejected with 
a clock frequency of 61.44kHz, giving a conversion 
rate of 61440/1280or 12 conv/sec. Integer submultiples 
of 61.44kHz (such as 30.72kHz, etc) will also reject 
60Hz noise. For 50Hz noise rejection, a 51.2kHz 
frequency is recommended. 

If noise rejection is not important, other clock 
frequencies can be used. The TSC850 will typically 
operate at conversion rates ranging from 3 to 40 
conv/second, corresponding to oscillator frequencies 
from 15.36kHz to 204.BkHz. 

"'"' TSC850 

10MQ 

17 
61.44 kHz 

----<D>------e 

+4 

18 

7 100pF 7 100pF 

Figure 6. Oscillator Schematic 

Data Bus Interfacing 

SYSTEM 
CLOCK 

The TSC850 provides an easy and flexible 
digital interface. A three-state data bus and 6 control 
inputs permit the TSCB50 to be treated as a memory 
device in most applications. The conversion result 
can be accessed either over an 8-bit bus or via a 
microprocessor 1/0 port. 

A typical µP bus interface for the TSC850 is 
shown in Figure 7. In this example, the TSC850 
operates in the demand mode and a conversion 
begins when a write operation is performed to any 
decoded address space. The BUSY output interrupts 
the µP at the end-of-conversion. 

The a-d conversion result is read as three 
memory bytes. The two least-significant bits of the 
address bus select high/low byte and overrange/ 
polarity bit data, while high-order address lines enable 
the CE input. 
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TSC850 
Figure 8 shows a typical interface to aµP,1/0 

port or single-chip µC. The TSC850 operates in the 
continuous mode, and can either interrupt the µC/µP 
or be polled with an input pin. 

Since the PAO-PA7 inputs are dedicated to 
reading a-d data, the a-d CS/CE inputs can be 
enabled continuously. In the TSC850's continuous, 
mode, data must be read in three bytes as shown in 
Table 1. The required RD pulses are provided by a 
µC/µP output pin. 

The circuit of Figure 8 can also operate in the 
demand mode, with the start-conversion strobe gener
ated by a µC/µP output pin. In this case, the TSC850 
UH and CONT /DEMAND inputs can be controlled by 
1/0 pins and the RD input connected to digital 
ground. 

Demand Mode Interface Timing 
When the CONT/DEMAND input is low, the 

TSC850 will perform a conversion each time that CE 
and CS are active and the WR input is strobed low. 

Thedemand mode conversion timing is shown 
in Figure 9. The BUSY output goes low and data is 
valid 1155 clock pulses after WR goes low. After BUSY 
goes low, 125 additional clock cycles are required 
before the next conversion cycle will begin. 

Once the conversion is started, the WR input 
is ignored for 1100 internal clock cycles. After 1100 
clock cycles, another WR pulse will be recognized 
and will initiate a new conversion when the present 
conversion is complete. A negative edge on the WR 
input is required to begin a conversion. If WR is held 
low, conversions will, not occur continuously. 

Thea"d conversion data is valid on the falling 
edge of BUSY, and will remain valid until one-half 
internal clock cycle before BUSY goes high on the 
succeeding conversion. The BUSY output can be 
monitored with an 1/0 pin to determine the end of 
conversion, or used,to generate a µP interrupt. 

In demand mode, the three data bytes can be 
read in any desired order. The TSC850 can simply, be 
regarded as three bytes of memory, and accessed 
accordingly. The bus output timing is shown in Figure 
10. 

PRODUCT INFORMATION 

Continuous Mode Interface Timing 
When the CONT/DEMAND input is high, the 

TSC850 will perform conversions continuously. Data 
will be valid on the falling edge of the BUSY output, 
and all three bytes must be read within 4431h internal 
clock cycles of BUSY going low. The timing diagram 
is shown in Figure 11. 

In continuous mode, the OVR/POL and Low/ 
High byte select inputs are ignored. The TSC850 will 
automatically cycle through three data bytes, as 
shown in Table 1. Bus output timing in the continuous 
mode is shown in Figure 12. 

000 >------, 000 

""" TSC850 µP 

007 >------, OB7 

cs 

Ufi>-------< OVRIPOL ,____ ___ ___, 

Ror----~ Wfi ,____ ___ ___, 

eusvr----~ 

CONTfDEMANO CS +SV 

Figure 7. Interface to Typical µP Data Bus 

080 PAO 

µc 
~ OR 

TSC850 11P 1/0 PORT 

007 PA7 

BUSY INTERRUPT 

Ail PBO 

CONT/DEMAND ~+SV cs 
CE WR 

\] Jc 
Figure 8. Interface to Typical µP 1/0 Port or Single

Chip µC 
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INTERNAL 
CLOCK -1111JL· · · · _JlJUL · · · · · · · · · ·JUUL 

, ,. 1100 CLOCK CYCLES • I 

TSC850 

WR --ii f'1 / WR PULSES j~ NEXT CONVERT l+-NEXT 
iV U ARE IGNORED I U COMMAND WILL I CONVERSION 
I BE RECOGNIZED I CAN BEGIN 
I l-836 CLOCK CYCLES~ I 
1--319 CLOCK=4 ~ 125 CLOCK-I 

BUSY CYCLES __li l.._ CYCLES I 
I I I ~~~~~~~~~~-

I 1 
~~~~~~~~-..1...-~~~~~~~~~...-~~~~~~~~~~~ 

DBO-DB7 PREVIOUS CONVERSION DATA MEANINGLESS NEW CONVERSION DATA VALID 
DATA VALID 

Figure 9. TSC850 Conversion Timing, Demand Mode 

CS•CE 

DBO TO DBS Hl-Z DATA BITS 8TO14 

DB7 Hl-Z 

OVR/POL 

UH _____ ___,f 
NOTE: CONT/DEMAND= LOW 

DATA BITS 
OT06 

DATA BIT7 

HIGH IMPEDANCE 

HIGH IMPEDANCE 

DON'T CARE 

\~~~-D_o_N_T_c_A_R_E~~~~ 

* RD (AS WELL AS CS AND CE) CAN GO HIGH AFTER EACH BYTE IS READ 
(i.e. IN A µP BUS INTERFACE) OR REMAIN LOW DURING THE ENTIRE 
DATA-READ SEQUENCE (i.e. µP 1/0 PORT INTERFACE). 

Figure 10. TSC850 Output Bus Timing, Demand Mode 
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TSC850 

INT~~~~ JUUL· . . . .... ·JlJUL ... ·JlJUL· .... ·JUUL 

-------1280 INTERNAL CLOCK CYCLES-------.i 

BUSY 14-----'-· 836 CLOCK CYCLES----..i-443 112 CLOCK-I 
CYCLES I 

--+i i.-112 CLOCK 

DB0-087 

II CYCLE 
..--------------~r--------.ir----'D-A~T-A~-

DATA MEANINGLESS DATA VALID MEANINGLESS 

Figure 11. TSC850 Conversion Timing, Continuous Mode 

. CONT/-r 
DEMAND __} 

BUSY 
.. 

8~E-h j ~..__ ___ n...._ __ .... 1 
DBO-DB7 ---H-l--Z----. DATABITSS-14 

POLARITY 
DATABITS8·14 
OVER RANGE 

NOTE: CS= HIGH 
CE.= LOW 

Figure 12. TSC850 Timing, Continuous Mode 
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'°'f°" TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC7109 
12-BIT PLUS SIGN 
INTEGRATING AID CONVERTER 

FEATURES 
• 12-Bit Plus Sign Integrating AID Converter with 

Overrange Indication 
• Sign Magnitude Coding Format 
• True Differential Signal Input and Differential Refer

ence Input 
• Low Noise - Typically 15 µVp.p 
• High Normal Mode Noise and Line Frequency 

Rejection 
• 1 pA "fypical Input Current 
• No Zero Adjustment 
• TTL Compatible Byte Organized Tri-State Outputs 
• UART Handshake Mode for Simple Serial Data 

Transmission 
• Direct Bus Connection for 8or16-Bit Bus -3.58 MHz 

Crystal Provides 7.5 Conversions Per Second for 60 
Hz Rejection - Extemal RC Network Provides up to 
30 Conversions Per Second 

• Power Dissipation Typically Less Than 20 mW 
• lntemal Voltage Reference 

Test Circuit (See Figure 1 for typical connection to a UART or Microcomputer) 

GND 1 GND v• '° .. v 
2 STATUS REF IN- 39 

l POL REF CAP - 38 DIFFERENTIAL 

"'"{ 4 OR REF CAP+ :f1 REFERENCE 

ORDER 5 812 REF IN+ 36 
BYTE 6 811 IN HI 36 INPUT HIGH 

OUTPUTS .01 µf 
7 810 IN LO 34 INPUT LOW 

• 89 .,... COMMON 33 GND 

9 •• INT 32 

10 87 
TSC7109 

AZ 31 

~{ 1198 BUF 30 

ORDER 1286 REF OUT 29 REF IN-

evre 1394 .sv 
OUTPUTS 14 B3 2K!l REF IN+ 

16 B2 

16 81 v• 
17 TEST GND 24KO 

BYTE 
18 c:eEA CONTROL { 

INPUTS 19 HiElil *R1NT • 20KO FOR 0.2V REF 
OR FLAG 20 CE/LOAD "' ZOOKn FOR 2.0V REF 
OUTPUTS 
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12-BiT PLUS SIGN 
INTEGRATING AID CONVERTER 

GENERAL DESCRIPTION 
The TSC7109 is a 12-bit plus sign CMOS low 

power ND Converter. The single CMOS IC contains all 
the necessary active devices to interface with micro
processors. 

Ordering Information 

Part No. Package 

TSC7109CPL 40-Pin Plastic Dip 

TSC7109BCPL 40-Pin Plastic Dip 

TSC71091JL 40-Pin CerDIP 

TSC7109BIJL 40-Pin CerDIP 

TSC7109MJL 40-Pin CerDIP 

60-Pin Plastic 
TSC7109CBQ Flat Package: 

Formed Leads 

TSC7109CLW 44-Pfn PLCC 

TSC7109CKW 44-Pin 
Flat Package 

Temperature 
Range 

o·c to +10°c 

o•c to +10°c 

-2s0 c to +as•c 

-2s0 c to +as0 c 

-ss•c to +12s0 c 

0°c to +10°c 

o•c to +10°c 

o•c to +10°c 

In direct mode, Chip Select and High/Low 
Byte Enables control parallel bus interface. In the 
handshake mode the TSC7109 will operate with industry 
standard UART's in controlling serial data transmission, 
ideal for remote data logging. Control and monitoring 
of conversion timing is provided by the RUN/HOLD 
and STATUS outputs. The TSC7109 requires only the 
addition of eight passive components plus a crystal to 
operate as a dual slope integrating ND converter. The 
TSC7109 has features that make it an attractive per
channel alternative to analog multiplexing for many 
data acquisition applications. These features include 
typical input bias current of 1 pA, drift of less than 
1 µV/°C, input noise typically 15 µVp_p, and auto-zero. 
True differential input and reference allows the mea
surement of bridge-type transducers such as load 
cells, strain gauges and temperature transducers. 

Devices Available with 160 Hour, +125°C Bum-In 

TSC7109CPUBI 40-Pin Plastic Dip o·c to +70°C 

TSC71091JUBI 4Q-Pin CerDIP -2s0 c to +as0 c 

Devices with MIL-STD-883 Processing 

TSC7109MJL/883 40-Pin CerDIP -55°C to +125°C 
For applications requiring more resolution see 

the TSC800, 15~bit plus sign data sheet. 

Pin Configuration 

V+ 

REF IN-

REF CAP-

REF CAP+ 

REF IN+ 

INHI 

INLO 

COMMON 

INT 

BUF 

REF OUT 

V-

SEND 

RUN/HOLD 

BUFOSCOUT 

OSC SEL 

OSCOUT 

OSCIN 

CE/LOAD NOTES: 
1. NC= NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 AND 53 ARE CONNECTED 

TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATEL V v+. NO EXTERNAL CONNECTIONS SHOULD BE 
MADE. 

3.FOR 44 PIN PACKAGE INFORMATION 
SEETHE 7109A DATA SHEET ON PAGE S-98 
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PRODUCT INFORMATION 

TSC7109 
Absolute Maximum Ratings 
Positive Supply Voltage (GND to V+) ............. +6.2 V under absolute maximum ratings, may cause permanent damage to the 

devices. Normal precautions should be taken to avoid application of any 
voltage higher than maximum ratings. 

Negative Supply Voltage (GND to V-) .............. -9 V 
Analog Input Voltage (LOW or HIGH) (Note 1) ... V+ to v-
Reference Input Voltage (LOW or HIGH) (Note 1) .. v+ to v
Digital Input Voltage Notes: 

(Pins 2-27) (Note 2) .................... GND -0.3 V 
1. Input voltages may exceed the supply voltages if the input current is limited 

to ±100 µA. 
Power Dissipation (Note 3) 

Ceramic Package .................... 1 W@ +85°C 
2. Connecting any digital inputs or outputs to voltages greater than y+ or less 

than GND may cause destructive device latchup. Therefore, it is recom
mended that inputs from sources other than the same power supply should 
not be applied to the TSC7109 before its power supply is established. Jn 
multiple supply systems, the supply to the TSC7109 should be activated 
first. 

Plastic Package .................. 500 mW @ +70° C 
Operating Temperature 

Ceramic Package (M) ........ -55°C s TA s +125°C 
(I) .......... -25°C STAS +85°C 

Plastic Package (C) ........... 0° Cs TA s +70° C 
3. This limit refers to that of the package and wilt not occur during the normal 

operation. 

Storage Temperature ..•.......•.. -55°C s TA s +125°C 
4. HANDLING PRECAUTIONS: These devices are CMOS and must be han

dled correctly to prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conducting material. Use proper anti-static 
handling procedures. Do not connect in circuits under "power-on" condi
tions, as high transients may cause permanent damage. 

Lead Temperature (Soldering, 60 sec.) .......... +300° C 
This device contains circuitry to protect the inputs from damage due to high 
static voltage or electric fields. It is advised that voltages great than those listed 

Electrical Characteristics: All parameters with v+ = +5 v, v- =-5 v, GND = ov, TA= 25°C, unless otherwise indicated. 
Test circuit as shown on page 1. 

TEST TSC7109 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Zero Input Reading V1N = 0.0 V -0000s ±ooooa +OOOOa Octal 
Full-Scale= 409.6 mV Reading 

2 Ratiometric Reading V1N = VREF 37778 3777a 4000s Octal 
VREF = 204.8 mV 4000s Reading 

Non-Linearity (Max. Full-Scale = 409.6 mV 
3 NL Deviation From Best to 4.096 V Over Full -1 ±.2 +1 Counts 

Straight Line Fit) Operating Temp. Range. 

Roll-Over Error (Difference Full-Scale= 409.6 mV 
4 in Reading for Equal Pos. and to 4.096 V Over Full -1 ±.2 +1 Counts 

Neg. Inputs Near Full-Scale) Operating Temp. Range. 

5 CMRR Input Common-Mode VcM ±1 V VIN = 0 V 50 µVIV Rejection Ratio Full-Scale= 409.6 mV 

A 6 VCMR Common-Mode Range Input High, Input Low. Common v-+1.5 v+ -1.0 v 

N 7 Noise (p-p value not V1N = 0 V 15 µV 
A Exceeded 95% of Time) Full-Scale = 409.6 mV 

L V1N = 0 All Packages 25° C 1 10 pA 

8 l1N Leakage Current at Input TSC7109CPL 0°C,; TA,; +70°C 20 100 pA 
0 TSC7109 TSC71091JL -25°C,; TA,; +85°C 100 250 pA 

G TSC7109MJL -55°C,; TA,; +125°C 2 5 nA 

Leakage Current at Input V1N = O All Packages 25°C 10 pA 
9 l1N TSC7109B TSC7109BCPL 0°C,; TA,; +70°C 500 pA 

TSC7109BIJL -25°C,; TA,; +85°C 750 pA 

10 TCzs Zero Reading Drift V1N = 0 V 0.2 µV/°C 

Scale Factor V1N = 408.9 mV = >7770s 
11 TCFS Temperature Coefficient Reading 5 ppm/°C 

Ext. Ref. 0 ppm/° C 

12 1+ Supply Current V1N = 0, Crystal Osc. 700 1500 µA v+ to GND 
3.58 MHz Test Circuit 

13 ISUPP Supply Current v+ to v- Pins 2-21, 25, 26, 27, 29, Open 700 1500 µA 

14 VREF Ref Out Voltage Referred to v+, 25 kO -2.4 -2.8 -3.2 v Between v+ and Ref Out 

15 TCREF Ref Out Temp. Coefficient 25 k!l Between v+ and Ref Out 80 ppm/°C 
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12-BIT PLUS SIGN 
INTEGRATING AID CONVERTER 

Electrical Characteristics: All parameters with v+=+5 v, v-=-5 v, GND=O v, TA =25° c, unless otherwise indicated. 
Test circuit as shown on page 1. 

TYPE NO. SYMBOL PARAMETER 

16 VoH Output High Voltage 

17 VoL Output Low Voltage 

18 Output Leakage Current 

D 19 Control 1/0 

I Pullup Current 

G 20 Control 1/0 Loading 
I 
T 21 V1H Input High Voltage 
A 
L 22 V1L Input Low Voltage 

23 Input Pullup Current 

24 Input Pullup Current 

25 Input Pulldown Current 

26 OOH Oscillator Output High 

OoL Current Low 

27 BOoH Buffered Oscillator High 

BOoL Output Current Low 

28 tw MODE Input Pulse Width 

Pin Description 

40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal/(Reverse) Pin Number Name 

1 9 GND 

2 10 STATUS 

3 11 POL 

4 12 OR 

5 13 B12 

6 18 B11 

7 19 B10 

8 20 Bg 

9 21 Bs 

10 22 B? 

11 24 Be 

12 25 Bs 

13 26 B4 

14 27 B3 

15 28 B2 

16 33 B1 

17 34 TEST 

TEST TSC7109 
CONDITIONS MIN TYP MAX UNIT 

lour= 100 µA 3.5 4.3 v Pins 2-16, 18, 19, 20 

lour= 1.6 mA 0.2 0.4 v 

Pins 3-16 High Impedance ±.01 ±1 µA 

Pins 18, 19, 20 Vour = v+ 5 µA -3 V MODE Input at GND 

HBEN Pin 19 LBEN Pin 16 50 pF 

Pins 18-21, 26, 27 2.5 v referred to GND 

Pins 18-21, 26, 27 v Referred to GND 

Pins 26, 27 Vour = v+ -3 v 5 µA 

Pins 17, 24 Vour = v+ -3 v 25 µA 

Pin 21, Vour = GND +3 V 5 µA 

Vour = 2.5 v mA 

Vour = 2.5 V 1.5 mA 

Vour = 2.5 v 2 mA 

Vour = 2.5 v 5 mA 

50 ns 

Description 

Digital Ground, O V, Ground Return for all digital logic. 

Output High during integrate and deintegrate until data is latched. Output 
Low when analog section is in Auto-Zero configuration. 

Polarity - High for Positive Input. 

Overrange - High if Overranged. 

Bit 12 (Most Significant Bit}. 

Bit 11. 

Bit 10. 

Bit 9. All 

Bit 8. three 

Bit 7. state 

Bit 6 output 

Bit 5. data 

Bit 4. bits 

Bit 3. 

Bit 2. 

Bit 1 (Least Significant Bit}. 

Input High - Normal Operation. Input Low - Forces all bit outputs high. 
Note: This input is used for test purposes only. 
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Pin Description {Cont.) 
40-Pln DIP 60-Pin 
Pin Number Flat Package 
Normal/(Reverse) Pin Number Name Description 

Low Byte Enable -With MODE (Pin 21) low, and Cl:/t:mrn (Pin 20) low, 

18 35 D3E'N taking this pin low activates low order byte outputs B1-B8. With MODE (Pin 
21) high, this pin serves as low byte flag output used in handshake 
mode. See Figures 7, 8, 9. 

High Byte Enable -With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 

19 36 HBEN taking this pin low activates high order byte outputs B9-B12, POL, OR. With 
MODE (Pin 21) high, this pin serves as high byte flag output used in hand-
shake mode. See Figures 7, 8. 9. 

Chip Enable Load-With MODE (Pin 21)1ow, CE/LOAD serves as a master 

20 37 CE/LOAD output enable. When high, B1-B12, POL, OR outputs are disabled. When 
MODE (Pin 21) low, a load strobe used in handshake mode. 
See Figures 7, 8, 9. 

Input Low - Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19) II 21 39 MODE and LBEN (Pin 18) act as inputs directly controlling byte outputs. Input 
Pulsed High - Causes immediate entry into handshake mode and output of 
data as in Figure 9. Input High - Enables CE/LOAD (Pin 20), HBEN (Pin 19), 
and LBEN (Pin 18) as outputs, handshake mode will be entered and data 
output as in Figures 7 and 8 at conversions completion. 

22 40 OSCIN Oscillator Input 

23 41 OSC OUT Oscillator Output 

Oscillator Select - Input high configures OSC IN, OSC OUT, BUF OSC 

24 42 OSC SEL OUT as RC oscillator - clock will be same phase and duty cycle as BUF 
OSC OUT. Input low configures OSC IN, OSC OUT for crystal oscillator -
clock frequency will be 1/58 of frequency at BUF OSC OUT. 

25 43 BUF OSC OUT Buffered Oscillator Output. 

Input High - Conversions continuously performed every 8192 clock pulses. 
26 48 RUN/HOLD Input Low - Conversion in progress completed, converter will stop in Auto-

Zero seven counts before integrate. 

27 49 SEND Input - Used in handshake mode to indicate ability of an external device to 
accept data. Connect to Vs if not used. 

28 50 v- Analog Negative Supply - Nominally -5 V with respect to GND (Pin 1). 

29 51 REF OUT Reference. Voltage Output - Nominally 2.8 V down from v+ (Pin 40). 

30 52 BUFFER Buffer Amplifier Output. 

31 54 AUTO-ZERO Auto-Zero Node - Inside foil of CAz. 

32 55 INTEGRATOR Integrator Output - Outside foil of C1NT. 

33 56 COMMON Analog Common - System is Auto-Zeroed to COMMON. 

34 57 INPUT LOW Differential Input Low Side. 

35 59 INPUT HIGH Differential Input High Side. 

36 1 REF IN+ Differential Reference Input Positive. 

37 3 REF CAP+ Reference Capacitor Positive. 

38 5 REF CAP- Reference Capacitor Negative. 

39 6 REF IN - Differential Reference Input Negative. 

40 7 v+ Positive Supply Voltage - Nominally +5 V with respect to GND (Pin 1). 

NOTE: All digital levels are positive true. 
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>5V 1 v• TRC 40 
2 OSC CONTROL DSC IN 17 

GNO J GND EPE 39 
•5V 4 ARO CLS1 38 

5-12 CLS2 ':fl 
RBR1-8 SBS 36 

Pl 35 

13 PE CRL 34 
14 FE 26-33 
15 OE TBRl-8 

GNO 16 SFD TRE 24 
ORR 18 

20 RAJ DR 19 
SERIAL TBRL 23 

INPUT TBRE 22 

25 TRO MR 21 
SERIAL 

OUTPUT 
6403 

CMOS UART 

12-BIT PLUS SIGN 
INTEGRATING AID CONVERTER 

1 GNO 
25 BUF OSC OUT 
2 STATUS 

19 HBEN 

3-8 
69-812, POL, OR 

---+=i-< =~~:a ..,~ 
17 TEST 

0--------------118LBEN 
I----------~ 21 MODE 
>--------------120CE/LOAD 
0--------------127 SEND 

GNO 

TSC7109 

v' 40 
REF IN - 39 

REF CAP - 38 
REF CAP + 37 

REFIN+36 

IN HI 35 
IN LO 34 

COM 33 
INT 32 
AZ 31 

BUF 30 
REF OUT 29 
~-28 

RUN/HOLD 26 
DSC SEL 24 

DSC OUT 23 

OSC IN 22 

FOR LOWEST POWER CONSUMPTION. 
TBR1-TBR8 INPUTS.SHOULD HAVE 100Kn 
PULLUP RESISTORS TO +5V CMOS AID CONVERTER 

~ - - GND 

EXTERNAL 
REFERENCE 

INPUT 

20K.\1 0.2V REF 
200KU 2V REF 

Figure 1A: TSC7109 UART Interface. Send Any Word to UART to Transmit Latest Result. 

D 
2 3 •5V 40 v+ REFIN-39 -::--- GND 

XTAL1 XTAL2 GND 1 GND REF CAP - 38 EXTERNAL 
+5V 1 TO 17 TEST REF CAP+ 37 REFERENCE 

4 RESET REFIN+36 
5 SS 
6 fNT P20-P27 

IN Hl 35 
INPUT 

IN LO 34 

COM 33 

7 EA ., ... INT 32 

sWA AZ 31 
9 PSEN 26 RUN/HOLD BUF 30 
11 ALE P12 29 2 STATUS REF OUT 29 20Kfl. 0.2V REF. 
25 PROG P11 28 18 LBEN v- 28 200Kfl. 2V REF. 
26 VDD P10 27 19 H6EN SEND 27 

39 TL 3-8 BUF OSC OUT 25 
40 vcc. 69-612, POL, OR OSC SEL 24 

12-19 9-16 OSC OUT 23 
OB0-087 81-88 OSC IN 22 

GNO 20 GND RD 10 20 CE/LOAD MODE 21 

8748/8049 TSC7109 
CMOS MICROCOMPUTER CMOS A/O CONVERTER 

Figure 18: TSC7109 Parallel Interface with 8048/8049 Microcomputer 
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Detailed Description 

Analog Section 
Figure 2 shows a block diagram of the Analog Section of the 
TSC7109. The circuit will perform conversions at a rate deter
mined by the clock frequency (8192 clock periods per cycle), 
when the RUN/HOLD input is left open or connected to v+. 
Each measurement cycle is divided into three phases as 
shown in Figure 3. They are: (1) Auto-Zero (AZ), (2) Signal 
Integrate (INT), (3) Reference Deintegrate (DE). 

REF CAP+ ,---
1 

I 
I 
I 

135 
I 
I 
I 
I 
I 
I 

I"" 
I 
I 
I 

""" ~----1 

REF IN + REF IN-

Auto-Zero Phase 
The buffer and the integrator inputs are disconnected from 
input high and input low and connected to analog common. 
The reference capacitor is charged to the reference voltage. 
A feedback loop is closed around the system to charge the 
auto-zero capacitor, CAz. to compensate for offset voltage in 
the buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. The offset referred to 
the input is less than 10 µ.V. 

C1NT 
INTEGRATOR ------------

I~ = FROM CONTROL 

OEINT ~+I - LOGIC 
DEINT H- DIGITAL SECTION 

L----------------------
REF OUT v- v• 

Figure 2: Analog Section 
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Signal Integrate Phase 
The buffer and integrator inputs' are removed from 
COMMON and connected to input high and input low, The 
auto-zero loop is opened, The auto-zero capacitor is placed 
in series in the loop to provide an equal and opposite 
compensating offset voltage, The differential voltage 
between input high and input low is integrated for a fixed time 
of 2048 clock periods. At the end of this phase, the polarity of 
the integrated signal is determined, If the input signal has no 
return to the converter power supply, input low can be tied to 
analog common to establish the correct common-mode 
voltage. 

De-Integrate Phase 
Input high is connected across the previously charged ref
erence capacitor and input low is internally connected to 
analog common. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to cause 
the integrator output to return to the zero crossing (estab
lished by AUTO-ZERO) with a fixed slope. The time, repre
sented by the number of clock periods counted for the output 
to return to zero, is proportional to the input signaL 

Differential Input 
The TSC7109 has been optimized for operation with analog
common near digital ground, With +5 V and -5 V power sup
plies, a full ±4 V full-scale integrator swing maximizes the 
analog section's performance, 

A typical CMRR of 86 dB is achieved for input differential vol
tages anywhere within the common-mode range of 0,5 volts 
below the positive supply to 1.0 volts above the negative 
supply. However, since the integrator also swings with the 
common-mode voltage, care must be exercised to assure the 
integrator output does not saturate, A worst case condition is 
near a full-scale negative differential input voltage with a 
large positive common-mode voltage. The negative input 

12-BIT PLUS SIGN 
INTEGRATING AID CONVERTER 

signal drives the integrator positive when most of its swing 
has been used up by the positive common-mode. voltage. In 
such cases, the integrator swing can be reduced to less than 
the recommended ±4 V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0,3 volts 
of either supply without loss of linearity, 

Differential Reference 
The reference voltage can be generated anywhere with in the 
power supply voltage of the converter, Rollover voltage is the 
main source of common-mode error. It is caused by the ref
erence capacitor losing or gaining charge due to stray 
capacity on its modes. With a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal and lose 
charge (decrease voltage) when called up to de-integrate a 
negative input signal. This difference in reference for(+) or 
(-) input voltage will cause a roll-over error. This error can be 
held to less than 0.5 count worst case by using a large 
reference capacitor in comparision to the stray capacitance, 
To minimize roll-over error from these above sources keep 
the reference common-mode voltage near or at analog 
common, 

Digital Section 
The digital section is shown in block diagram Figure 4 and 
includes the clock oscillator and scaling circuit, a 12-bit 
binary counter with output latches and TTL-compatible 
three-state output drivers, UART handshake logic, polarity, 
overrange and control logic. Logic levels are referred to as 
"low"or "high", The actual logic levels are defined in Table 1 
"Operating Characteristics." 

Inputs driven from TTL gates should have 3-5 k pullup 
resistors added for maximum noise immunity. For minimum 
power consumption, all inputs should swing from GND (low) 
to v+ (high), 

POLARITY ZERO CROSSING 

INTEGRATOR 
OUTPUT 

INTERNAL CLOCK 

INTERNAL LATCH 

STATUS OUTPUT 

D~ETECTED OCCURS 

I ZERO CROSSING 
! '-. :/ . / DETECTED I 

------< --~~..;.-- I ~,,..,.~_,..~~~~~~-'-~~-

I---- AZ PHASE I -I-- INT PHASE II / OEINT PHASE Ill _.f-Az-

il..r LI1.n..h.. ,IUUlJl.. ,.1lJl.JULr 'Liln..hn.r 
I I I I I 

I 

~ 
I 

1 I I 
I I I 

I 

2048 FIXED 4096 COUNTS ! 
COUNTS---J-- 2048 ~ 

MIN. I COUNTS ~ MAX I 

I AFTER ZERO CROSSING, 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION WILL 

PROPORTIONAL TO V1N BE IN AUTOZEAO 
CONFIGURATION 

Figure 3: Conversion Timing (RUN/HO[i) Pin High) 
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TSC7109 

TEST 

t HIGH ORDER t LOW ORDER ~ 
BYTE OUTPUTS BYTE OUTPUTS 

BBBBBBBBBBBB 
POL OR 1211109 8 7 6 54 3 2 1 

{ 

COMP OUT 
TO AZ 

ANALOG INT 
SECTION DEINT(+) 

DEINTI-) 

-----1 

" I 0---.---,,_{I) LBEN 
19 HBEN 

o-----.-+-+-='°-<ll CE/LOAD 

STATUS RUN/ DSC DSC DSC BUF MODE 
HOLIJ IN OUT SEL DSC 

STATUS Output 
During a conversion cycle, the STATUS output goes high at 
the beginning of Signal Integrate and goes low one-half 
clock period after new data from the conversion has been 
stored in the output latches. See Figure 3. The signal may be 
used as a "data valid" flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 
while STATUS is low). 

MODE Input 
The output mode of the converter is controlled by the MODE 
input. The converter is in its "Direct" output mode, when the 
MODE pin is low or left open. The output data is directly 
accessible under the control of the chip and byte enable 
inputs (this input is provided with a pulldown resistor to 
ensure a low level when the pin is left open). When the MODE 
input is pulsed high, the converter enters the UART 

OUT 

handshake mode and outputs the data in two bytes, then 
returns to "direct" mode. When the MODE input is kept high, 
the converter will output data in the handshake mode at the 
end of every conversion cycle with MOD~ = O (Direct BUS 
Transfer) the send input should be tied to V . (See Handshake 
Mode Section). 

RUN/HOLD Input 
With RUN/HOLD high or open, the circuit operates normally 
as a dual slope A/Das shown in Figure 3. Conversion cycles 
operate continuously with the output latches updated after 
zero crossing in the de-integrate mode. An internal pullup 
resistor is provi.ded to insure a high level with an open input. 

The RUN/HOLD may be used to shorten conversion time. If 
the RUN/HOLD goes low at anytime after zero crossing in the 
de-integrate mode, the circuit will jump to auto-zero and 
eliminate that portion of time normally spent in de-integrate. 

~~l~~R~E~:~:;r;g ~A~~~~:~O -1 STATIC IN ~ ~~~SE II 
~ETECTION '\. I MIN 1790 COUNTS I HOLD STATE I INTEGRATOR 

OUTPUT ----f ,,,,..--- --........ ~ """! MAX 2041 c_ouNrs t j I __..-
-~ ~ t----7 COUNTS-----t 

INTERNAL CLOCK "1.f' '"lrlrlIL. ..I1I1IlililI1. J1,fUliln.. ...ru---' ~ 
I I I 

I I 
....-~~~~~~~~-~~~--; t---

~~~--~~ I 
STATUS OUTPUT 

....J L--------1----RUN/HOLD INPUT I 

~-----------

Figure 5: TSC7109 RUN/HOLD Operation 
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If RUN/HOLD stays or goes low the conversion will complete 
with minimum time in de-integrate. It will stay in auto-zero tor 
the minimum time and wait in auto-zero tor a high in the 
RUN/HOLD input. As shown in Figure 5, the STATUS output 
will go high seven clock periods after RUN/HOLD is changed 
to high, and the converter will begin the integrate phase of 
the next conversion. 

The RUN/HOLD input allows controlled conversion 
interface. The converter may be held at idle in auto-zero with 
RUN/HOLD low. The conversion is started when RUN/HOLD 
goes high and the new data is valid when the STATUS output 
goes low (or is transferred to the UART - see Handshake 
Mode.) RUN/HOLD may now go low, terminating de
integrate and ensuring a minimum auto-zero time before 
stopping to wait for the next conversion. Conversion ti me can 
be minimized by ensuring RUN/HOLD goes low during de
integrate, after zero crossing, and goes high after the hold 
point is reached. The required activity on the RUN/HOLD in
put can be provided by connecting it to the Buffered 
Oscillator output. In this mode, the input value measured 
determines the conversion time. 

Direct Mode 
The data outputs (bits 1 through 8 low order byte, bits 9 
through 12, polarity and overrange high order byte) are 
accessible under control of .the byte and chip enable termi
nals as inputs with the MODE pin at a low level. These three 
inputs are all active low. Internal pullup resistors are provided 
tor an inactive high level when left open. When the chip 
enable input is low, a byte enable input low will allow the 
outputs of that byte to become active. A variety of parallel 
data accessing techniques may be used, as shown in the 
section entitled "Interfacing." (See Figure 6 and Table 3) 

The access of data should be synchronized with the con
version cycle by monitoring the STATUS output. This will 
prevent accessing th.e data while it is being updated and 
eliminate the acquisition of erroneous data. 

HBEN 
AS INPUT 

LBEN 
AS INPUT 

HIGH BYTE 
DATA 

wwnn--------------~~-DATA 

---- = HIGH IMPEDANCE 

Figure 6: TSC7109 Direct Mode Output Timing 

12-BIT PLUS SIGN 
INTEGRATING AID CONVERTER 

Symbol Description Min. Typ. Max. Units 

IBEA Byte Enable Width 350 220 ns 

toAB 
Data Access Time 

150 350 ns 
from Byte Enable 

toHB 
Data Hold Time 
from Byte Enable 

150 300 ns 

!CEA Chip Enable Width 400 260 ns 

toAC 
Data Access Time 260 400 ns 
from Chip Enable 

toHC 
Data Hold Time 240 400 ns 
from Chip Enable 

Table 3. TSC7109 Direct Mode Timing Requirements 

Handshake Mode 
An alternative means of interfacing the TSC7109 to digital · 
systems is provided when the handshake output mode of the 
TSC7109 becomes active in controlling the flow of data 
instead of passively responding to chip and byte enable 
inputs. This mode allows a direct interface between the 
TSC7109 and industry-standard UART's with no external 
logic required. The TSC7109 provides all the control and flag 
signals necessary to sequence the two bytes of data into the 
UART and initiate their transmission in serial form when 
triggered into the handshake mode. The cost of designing 
remote data acquisition stations is reduced using serial data 
transmission to minimize the number of lines to the central 
controlling processor. 

The MODE pin controls the handshake mode .. When the 
MODE terminal is held high, the TSC7109will enterthe hand
shake mode after new data has been stored in the output 
latches at the end of every conversion performed (see 
Figures 7 and 8). Entry into the handshake mode may be 
triggered on demand by the MODE terminal. At any time 
during the conversion cycle, the low to high transition of a 
short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new data 
is being stored, the entry into handshake mode is delayed 
until the data is stable. The MODE input is ignored in the 
handshake mode, and until the converter completes the 
output cycle and clears the handshake mode data updating 
will be inhibited (see Figure 9). 

When the MODE input is high or when the converter enters 
the handshake mode, the chip and byte enable terminals 
become TTL-compatible outputs which provide the output 
cycle control signals (see Figures 7,8 and 9). 
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The.SEND input is used by the converter as an indication of 
the ability of the receiving device (such as a UART) to accept 
data in the handshake mode. The sequence of the output 
cycle with SEND held high is shown in Figure 7. The hand
shake mode (internal MODE high) is entered after the data 
latch pulse (the CE/LOAD, LBEN and HBEN terminals are 
active as outputs since MODE remains high). 

The high level at the SEND input is sensed on the same high 
to low internal clock edge. On the next low to high internal 
clock edge the high-order byte (bits 9 through 12, POL, and 
OR) outputs are enabled and the CE/LOAD and the HBEN 
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outputs assume a low level. The CE/LOAD output remains 
low for one full internal clock period only; the data outputs 
remain active for 1-1/2 internal clock periods; and the high 
byte enable remains low for two clock periods. The 
CE/LOAD output low level or low to high edge may be used 
as a synchronizing signal to ensure valid data, and the byte 
enable as an output may be used as a byte identification flag. 
With SEND remaining high the converter completes the out
put cycle using CE/LOAD and LBEN while the low order byte 
outputs (bits 1 through 8) are activated. When both bytes are 
sent the handshake mode is terminated. The typical UART 
interlacing timing is shown in Figure 8. The SEND input is 
used to delay portions of the sequence, or handshake to 
ensure correct data transfer. This timing diagram shows an 
industry-standard HD6402 or CDP1854 CMOS UART to 
interfacing serial data channels. The SEND input to the 
TSC7109 is driven by the TBRE (Transmitter Buffer Register 
Empty) output of the UART, and the CE/LOAD terminal of 
the TSC7109 drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The eight transmitter Bulfer 
Register inputs accept the parallel data outputs. With the 
UART Transmitter Buffer Register empty, the SEND input 
will be high when the handshake mode is entered after new 
data is stored. The high order byte outputs become active 
and the CE/LOAD and HBEN terminals will go low after 
SEND is sensed. When CE/LOAD goes high atthe end of one 
clock period, the high order byte data is clocked into the 
UART Transmitter Buffer Register. The UART TBRE output 
will go low, which halts the output cycle with the HBEN 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK 

INTERNAL 

ZERO CROSSING OCCURS I ZERO CROSSING DETECTED 

LATCH -------' 

STATUS ----------i 
OUTPUT 

TSC7109 
output low, and the high order byte outputs active. When the 
UART has transferred the data to the Transmitter Register 
and cleared the Transmitter Buffer Register, the TBRE 
returns high. The high order byte outputs are disabled on the 
next TSC7109 internal clock high to low edge, and one-half 
internal clock later, the HBEN output returns high. The 
CE/LOAD and LBEN outputs go low at the same time as the 
low order byte outputs become active. When the CE/LOAD 
returns high at the end of one clock period, the low order data 
is clocked into the UART Transmitter Bulfer Register, and 
TBRE again goes low. The next TSC7109 internal clock high 
to low edge will sense when TBRE returns to a high, disabling 
the data outputs. One-half internal clock later, the handshake 
mode is cleared, and the CE/LOAD, HBEN and LBEN 
terminals return high and stay active, if MODE still remains 
high. 

Handshake output sequences may be performed on demand 
by triggering the converter into handshake mode with a low 
to high edge on the MODE input. A handshake output 
sequence triggered is shown in Figure 9. The SEND input is 
low when the converter enters handshake mode. The whole 
output sequence is controlled by the SEND input, and these
quence for the first (high order) byte is similar to the se
quence for the second byte. 

This diagram also shows that the output sequence takes lon
ger than a conversion cycle. New data will not be latched 
when the handshake mode is still in progress and is therefore 
lost. 

HBEN , MOOE LOW, NOT \ ~------!--~ IN HANDSHAKE MODE \ I DISABLES OUTPUTS CE/~D. HBEN, LBEN 

HIGH~:~! --------------_-_1,,_-_-_--!----+--0-A-TA-VA-L-IO--+------------ --- ---~~:= 
LBEN 

wwnrr ___________ ------------ _ 
DATA 

IE= DON'T CARE ---- =THREE-STATE HIGH IMPEDANCE 

Figure 7: TSC7109 Handshake with Send Input Held Positive 
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Figure 8: TSC7109 Handshake - Typical UART Interface Timing 
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Figure 9: TSC7109 Handshake Triggered by Mode Input 
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PRODUCT INFORMATION 

Oscillator 
The oscillator may be overdriven, or may be operated as an 
RC or crystal oscillator. The OSCILLATOR SELECT input 
optimizes the internal configuration of the oscillator for RC 
or crystal operation. The OSCILLATOR SELECT input is 
provided with a pullup resistor. When the OSCILLATOR 
SELECT input is high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same fre
quency and phase as the signal atthe BUFFERED OSCILLA
TOR OUTPUT. Connect the resistor and capacitor as in 
Figure 10. The circuit will oscillate at a frequency given byf = 
0.45/RC. a 100 k resistor is recommended for useful ranges of 
frequency. The capacitor value should be chosen such that 
2048 clock periods are close to an integral multiple of the 60 
Hz period for optimum 60 Hz line rejection. 

With OSCILLATOR SELECT input low, two on-chip capa
citors and a feedback device are added to the oscillator. In 
this configuration, the oscillator will operate with most cry
stals in the 1 to 5 MHz range with no external components 
(Figure 11). The OSCILLATOR SELECT input low inserts a 
fixed +58 divider circuit between the BUFFERED OSCILLA
TOR OUTPUT and the internal clock. A 3.58 MHz TV crystal 
gives a division ratio providing an integration time given by: 

58 
T=(2048clockperiods) 3_58 MHz = 33.18 ms 

The error is less than one percent from two 60 Hz periods or 
33.33 ms which will give better than 40 dB, 60 Hz rejection. 
The converter will operate reliably at conversion rates of up 
to 30 per second, corresponding to a clock frequency of 
245.8 kHz. 

24 22 23 25 

l 
----

osc DSC BUFFERED 
SEL IN OUT osc 

OUT 

v+ OR OPEN 
fosc = .45/RC 

Figure 10: TSC7109 RC Oscillator 

v+ 

CLOCK 

8 
24 22 23 25 -r:- ----

osc osc osc BUFFERED 
SEL IN OUT osc 

GND 0 OUT 

CRYSTAL 

Figure 11: TSC7109 Crystal Oscillator 
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TSC7109 
When the oscillator is to be overdriven, the OSCILLATOR 
OUTPUT should be left open, and the overdriving signal 
should be applied at the OSCILLATOR INPUT. The internal 
clock will be of the same duty cycle, frequency and phase as 
the input signal. When the OSCILLATOR SELECT is at GND, 
the clock will be 1/58 of the input frequency. 

Test Input 
The counter and its outputs may be tested easily. When the 
TEST input is connected to GND, the internal clock is 
disabled, and the counter outputs are all forced into the high 
state. When the input returns to the 1/2 (V+ -GND) voltage or 
to v+ and one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latched are enabled when the TEST input 
is taken to a level halfway between v+ and GND allowing the 
counter contents to be examined anytime. 

Component Value Selection 
The integrator output swing for full-scale should be as large 
as possible. For example, with +5 V supplies and COMMON 
connected to GND, the nominal integrator output swing at 
full-scale is ±4 V. Since the integrator output can go to 0.3 V 
from either supply without significantly affecting linearity, a 
4 V integrator output swing allows 0.7 V for variations in 
output swing due to component value and oscillator 
tolerances. With ±5 V supplies and a common-mode voltage 
range of ±1 V required, the component values should be 
selected to provide ±3 V integrator output swing. Noise and 
rollover errors will be slightly worse than in the ±4 V case. For 
large common-mode voltage ranges, the integrator output 
swing must be reduced further. This will increase both noise 
and rollover errors. To improve the performance, ±6 V 
supplies may be used. 

Integrating Capacitor 
The integrating capacitor C1NT should be selected to give the 
maximum integrator output voltage swing that will not satu
rate the integrator to within 0.3 volt from either supply. A±3.5 
to ±4 volt integrator output swing is nominal forthe TSC7109 
with ±5 volt supplies and analog common connected to 
GND. For 7-1/2 conversions per second (61.72 kHz internal 
clock frequency) nominal values C1NT and CAz are 0.15 µF 
and 0.33 µF, respectively. These values should be changed if 
different clock frequencies are used to maintain the 
integrator output voltage swing. The value of C1NT is given 
by: 

(2048 x Clock Period) (20 µ) 
C1NT = 

Integrator Output Voltage Swing 

The integrating capacitor must have low dielectric 
absorption to prevent rollover errors. Polypropylene 
capacitors give undetectable errors at reasonable cost up to 
85° C. Teflon® capacitors are recommended for the military 
temperature range. While their dielectric absorption 
characteristics vary somewhat between units, devices may 
be selected to less than 0.5 count of error due to dielectric 
absorption. 
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TSC7109 
Integrating Resistor 
The integrator and the buffer ampiifier both have a Class A 
output stage with 100 µA of quiescent current. They supply 
20 µA of drive current with negligible non-linearity. The inte
grating resistor should be large enough to remain in this very 
linear region over the input voltage range, but small enough 
that undue leakage requirements are not placed on the PC 
board. For 4.095 volt full-scale a 200 kO and for409.6 mV full
scale a 20 kO are recommended. RINT may be selected for 
other values of full-scale by: 

R = Full-Scale Voltage 
INT . 20 µA 

Auto.:.zero Capacitor 
As the auto-zero capacitor is made large the system noise is 
reduced. Since it is in parallel with the integrating capacitor, 
it forms an RC time constant that·determines the error that 
exists .at the end of an auto-zero cycle and speed of recovery 
from overloads. For 4.096 V full-scale where recovery is most 
important, a value of CAz equal to half of C1NT should be 
used. 

For.409.6 mV full-scale where noise is very important and the 
integrating resistor is small, use a value of CAZ twice C1Nr. 
The inner foil of CAz should be connected to pin 31 and the 
outer foil to the RC summing junction, The inne.r foil of C1NT 
should be connected to the RC summing junction and the 
outer foil to pin 32 for best rejection of the stray pickup. For 
low leakage at temperatures above 85° C use Tell.on® 
capacitors. 

Reference Capacitor 
A 1 µF capacitor is recommended for most circuits. However, 
where a large common-mode voltage exists a larger value is 
required to prevent rollover error (for example:. the reference 
low is not analog common) anda409.6mVscaleis used. The 
rollover error will be held to 0.5 count with a 10 µF capacitor. 
For temperatures above 80° C us.e Teflon® or equivalent 
capacitors for.their low leakage characteristics. 

Reference Voltage 
To generate full-scale output of 4096 counts the analog input 
required is V1N = 2 VREF. For a 4.096 V full-scale use a refer
ence of 2.048 V. In many applications where.the A/D·is con
nected to a transducer, there will exist a scale factor between 
the input voltage and the digital reading. For instance, in a 
measuring system, the designer might like to have a full
scale reading when the voltage from the transducer is 700 
mV. Instead of dividing th.e input down to 409.6 mV, the 
designer should use the input voltage directly and select 
VREF = 350 mV. Suitable values for integrating resistor and 
capacitor would be 34 k and 0.15 µF. This makes the system 
slightly quieter and also avoids a divider network on the 
input. Another advantage of this system occurs .when 
temperature and weight measurements with an offset or tare 
are desired for non-zero input. The offset may be introduced 
by connecting the voltage output of the transducer between 
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common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully, In 
processor-based systems using the TSC7109, it may be 
more desirable to use software and perform this type of 
scaling or tare subtraction digitally. · 

Reference Sources 
A major factor in the absolute accuracy of the converter is 
the stability of the reference voltage. The 12-bit resolution of 
the TSC7109 is one part in4096,or244 ppm. Thus, fortheon
board reference temperature coefficient of 80 ppm/° C a 
temperature difference of 3° C will introduce a one-bit abso
lute error. Where the ambient temperature is not controlled 
or where high-accuracy absolute measurements are bei,ng 
made it is recommended that an externa.1 high-quality refer
ence be used. 

A Reference Output (pin 29) is provided Which may be uset;l 
with a resistive divider to generate a suitable reference 
voltage. 20 mA may be sunk without significant variation in 
output voltage. A pullup bias device is provided which 
sources about 10 µA. The output voltage is nominally 2.8 V 
below v+. When using the on-board reference, Ref Out (pin 
29) should be connected to Ref- (Pin 39), and Ref+ should 
be connected to the wiper of a precision potentiometer 
between Ref Out and v+. The test circuit shows the circuit for 
a 204.8 mV reference, generated by a 2 kO precision poten
tiometer in series with a 24 kO fixed resistor. 

Interfacing 
Direct Mode 
Combinations of chip enable and byte enable control signals 
which may be used when interfacing the TSC7109 to parallel 
data lines as shown in Figure 12. The CE/LOAD input maybe 
tied low, allowing either byte to be controlled by its own 
enable (Figure 12A). Figure 126 shows the HBEN and LBEN 
as flag inputs, and CE/LOAD as a master enable, which 
could be the READ strobe available from most microproces
sors. Figure 12C shows a configuration where the two byte 
enables are connected together. The CE/LOAD is a chip 
enable, and the HBEN and LBEN may be used as a second 
chip enable or connected to ground. The 14 data outputs will 
be enabled at the same time. In the direct MODE, SEND 
should be tied to v+. 
Figure 13 interfaces several TSC7109's to a bus, ganging the 
HBEN and LBEN signals to several converters together, and 
using the CE/LOAD inputs to select the desired converter. 

Figures 14-19 give practical circuits utilizing the parallel tri
state output capabilities of the TSC7109. Figure 14 shows 
parallel interface to the intel MCS-48, -80 and -85 systems via 
an 8255 PPI, where the TSC7109 data outputs are active at all 
times. The 8155 1/0 ports may be used in an identical 
manner. This interface can be used in an identical manner. 
This interface can be used in a read-after-update sequence, 
as shown in Figure 15. The data is accessed by the high to 
low transition of the STATUS driving an interrupt to the 
microprocessor. 
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Figure 12: Direct Mode Chip and Byte Enable Combinations 
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The RUN/HOLD input is also used to initiate conversions 
under software control. Figure 16 gives an interface to 
Motorola MC6800 or MOS technology MCS650X systems. 

An interrupt is generated through the control Resistor B, 
CB1 line from the high to low transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of con
versions. 

Direct interfacing to most microprocessor busses is easily 

accomplished through the tri-state output of the TSC7109. 

Figures 1 B, 17 and 18 are typical connection diagrams. To be 
sure that requirements for setup and hold times, minimum 
pulse widths, and the drive limitations on long busses are 
met, it is necessary to carefully consider the system timing in 
this type of interface. This type of interface is used when the 
memory peripheral address density is low providing simply 
address decoding. Interrupt handling can be simplified by 
using an interface to reduce the component count. 
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Figure 13: Three-Stating Several TSC7109's to a Small Bus 
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Figure 14: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer Systems 
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Figure 15: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers with Interrupt 
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Figure 16: Full-Time Parallel Interface to MC6800 or MCS650X Microprocessors 
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Handshake Mode 
The handshake mode provides an interface to a wide variety 
of external devices. The· byte enables may be used as byte 
identification flags or as load enables and .external latches 
may be clocked by the rising edge of CE/LOAD. A handshake 
interface tci Intel microprocessors using an 8255 PP! as 
shown in Figure 19. The handshake operation with the8255 is 
controlled by inverting its Input Buffer Full (IBF) flaQ_ to drive 
the SEND input to the TSC7109, and using the CE/LOAD to 
drive the 8255 strobe. The internal control register of the PPI 
should beset in MODE 1 for.the port used. lfthe825518Fflag 
is low and the TSC7109 is in handshake mode the next word 
will be strobed into the port. The strobe will cause IBF to go 
high (SEND goes low), which will keep the enabled byte otit
puls active. The PPI will generate an interrupt which when 
executed will result in the data being read. The IBF will be 
reset low when the byte is read causing the TSC7109 to se
quence into the next byte. The MODE.inputto the TSC7109 is 
connected to the control line on the PPI. 

The data from every conversion will be sequenced in two 
bytes in the system, if this output is left high, or tied high sep
arately. (The data access must take less ti me than a conver
sion). The output sequence can be obtained on demand if 
this output is made to go from low to high and the interrupt 
may be used to reset the MODE bit. 

Conversions may be obtained on command under software 
control by driving the RUN/HOLD input to the TSC7109 by a 
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Figure 18: Direct TSC7109 - MC6800 Bus Interface 
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bit of the 8255. Another peripheral device may be serviced by 
the unused port of the 8255. The 8155 may be used in a 
similar manner. The MCS650X microprocessors are shown 
in Figure 20 with MODE and RUN/HOLD tied high to save 
port outputs. 

The handshake mode is particularly useful for directly inter
facing to industry standard UARTs (such as Western Digital 
TR1602) providing a means of serially transmitting 
converted data with minimum component count. 

A typical UART connection is shown in Figure 1A. In th is cir
cuit, any word received by the UART causes the UART DR 
(Data Ready) output to go high. The MODE input to the 
TSC7109 goes high, triggering the TSC7109 into handshake 
mode. The high order byte is output to the UART and when 
the UART has tranferred the data to the Transmitter Register, 
TBRE (SEND) goes high again, LBEN will go high, driving 
the UART ORR (Data Ready Reset) which will signal the end 
of the transfer of data from the TSC7109 to the UART. 

An extension of the Typical Connection to several TSC7109's 
with one UART is shown in Figure 21. In this circuit, the word 
received by the UART (available at the RBR outputs when DR 
is high) is used to select which converter will handshake with 
the UART. Up to eight TSC7109's may interface with one 
UART, with no external components. Up to 256 converters 
may be accessed on one serial line with additional 
components. 
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Figure 19: Handshake Interface - TSC7109 to MCS-48, -80, -85 

•5V 

MODE RUN/HOLD 

CRA (--100-01 I 

.., .... MC6820 

PAO-PA7 
TSC7109 

ANALOG 
Cffi.OAD IN CA1 

SEND CA2 

LBEN HBEN 

ADDRESS 
BUS 
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Figure 21: Handshake Interface for Multiplexed Converters 

Integrating Converter Features 
The output of Integrating A/D converter.s represents the inte~ 
gral or average of an input voltage over a fixed period of time. 
Compared with techniques in which the input is sampled and 
held, the integrating converter will average the effects of 
noise. A second important characteristic is that time is used 
to quantise the answer, resulting in extremely small non
linearity errors and no missing output codes. The integrating 
converter also has very good rejection of frequencies whose 
periods are an integral multiple of the measurement period. 
This feature can be used to advantage in reducing line 
frequency noise. (Figure 22) 

Crystals 
The 3.58 mHz oscillator crystal is available from: 
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1. Jameco Electronics 
1355 Shoreway Road 
Belmont, CA 94002 
(415) 592-8097 

Figure 22: Normal Mode Rejection of Dual-Slope 
Converter as a Function of Frequency. 

Part No. CY 3.57 

2. DIGl-KEY Corp. 
Highway 32 South 
P.O. Box 677 
Thief River Falls, MN 56701-9988 
1-800-344-4539 
Part No. X0005 
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Zero - Integrator cycle for Fast Recovery From 
Input Overloads 
Eliminates Crosstalk in Multiplexed Systems 
12-Bit Plus Sign Integrating AID Converter with 
Overrange Indication 
Sign Magnitude Coding Format 
True Differential Signal Input and Differential 
Reference Input 
Low Noise - Typically 15 µVp-p 
High Normal Mode Noise and Line Frequency 
Rejection 
1 pA typical Input Current 
No Zero Adjustment 
TTL Compatible Byte Organized Tri-State Outputs 
UART Handshake Mode for Simple Serial Data 
Transmission 
Power Dissipation Typically Less Than 20mW 
Internal Voltage Reference 
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TSC7109A 

GENERAL DESCRIPTION 
The TSC7109A is a 12-bit plus sign CMOS low power 

AID converter. Ony 8 passive components and a crystal 
are required to form a complete dual slope integrating A/D 
converter. 

The TSC7109A includes a zero integrator cycle to 
speed overrange recovery. This eliminates crosstalk and 
hysterisis in multiplexed systems, so that an overrange 
input on one channel will not affect other channels. Also, the 
TSC7109A has features that make it an attractive per
channel alternative to analog multiplexing for many data 
acquisition applications. These features include typical 
input bias current of 1 pA, drift of less than 1 µV 1°c, input 
noise typically 15 µV p-p, and autozero. True differential 
input and reference allows the measurement of bridge-type 
transducers such as load cells, strain gages, and 
temperature transducers. 

The TSC7109A provides a versatile digital interface. In 
the direct mode, Chip Select and High/Low Byte Enables 
control parallel bus interface. In the Handshake mode the 
TSC7109A will operate with industry standard UARTs in 
controlling serial data transmission, ideal for remote data 
logging. Control and monitoring of conversion timing is 
provided by the RUN/HOLD input and STATUS output. 

For applications requiring more resolution see the 
TSC800, 15-bit plus sign A/D converter data sheet. 

Pin Configuration 

PRODUCT INFORMATION 

ORDERING INFORMATION 
Part No. 
TSC7109ACPL * 
TSC7109ACLW 
TSC7109AIJL * 
TSC7109AMJL~ 

Package Temp Range 
40-Pin Plastic Dip 0°C to + 70°C 
44-Pin PLCC 0°c to + 70°C 
40-Pin CerDIP -25°C to +85°C 
40-Pin CerDIP -55°C to +125°C 

*Denotes Devices Avail.able with 160 Hour, +125°C Burn-in 
Add/Bl to Part No. 

Devices available with MIL-STD883 Processing 
TSC7109AMJL/883 40-Pin CerDIP -55°C to +125°C 
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02 
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CJ) ~ ::> u 

~ 
-' ~ 0 tt 0 z u :!; ._ 
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INHI 

INLO 

COMMON 
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AZ. 

NC 

0UF 

REF OUT 

SEND 

RUN/HOLD 
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TSC7109A 

Absolute Maximum Ratings Operating Temperature 

Positive Supply Voltage (GND to V+) . . . . . . . . . +6.2 V 
Negative Supply Voltage (GND to v-) • . . . . . . . . . -9 V 

Ceramic Package (M) . • . . . -55°C::::: TA :S: +125°C 
(I) •.•.... -25°C::::: TA::::: +85°C 

Plastic Package (C) • . . . . . . . 0°c ::::: TA ::::: + ?0°C 
Analog Input Voltage (LOW or HIGH) (Note 1) + _ Storage Temperature . • . . . • . . • _55°c::; TA::; +125°C 
· · · • · · · · · · · · · · · · · · · · • · · · · • · · · · · • • · · V to V Lead Temperature (Soldering, 60 sec.) . . . . . . +300°C 

Reference Input Voltage (LOW or HIGH) (Note 1) 
. . . • . • . . . . . . . . . . . • . . . . . . . . . . . . . . • • . v+ to v- This device contains circuitry to protect the inputs from 

Digital Input Voltage damage due to high static voltage or electric fields. It is 
(Pins 2-27) (Note 2) . . . . . . . . . . . . . • GND -0.3 V advised that voltages greater than those listed under absolute 

Power Dissipation (Note 3) maximum ratings, may cause permanent damage to the 
Ceramic Package . . . . • . . . . . • • . . 1 W@ +85°C devices. Normal precautions should be taken to avoid 
Plastic Package ....•....•.• 500 mW @ + 70°C application of any voltage higher than maximum ratings. 

ANALOG 
Electrical Characteristics: All parameters with v+ = +5 V, v- =-5V, GND = ov, TA= 25°C, unless otherwise indicated. 

TSC7109A TEST 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Overload Recovery Time 0 1 Measurement 
Cycle 

Zero Input Reading V1N = 0.0 V -OOOOa ±OOOOa +OOOOa Octal 
Full-Scale = 409.6 mV Reading 

Ratiometric Reading v,N = vREF 3777a 3777a 4000a Octal 
VREF = 204.8 mV 4000a Reading 

NL Non-Linearity (Max. Full-Scale = 409.6 mV -1 ±0.2 +1 Counts 
Deviation From Best to 2.048 V Over Full 
Straight Line Fit) Operating Temp. Range. 
(Note 4) 

Roll-Over Error (Difference Full-Scale = 409.6 mV -1 ±0.2 +1 Counts 
in Reading for Equal Pos. to 2.048 V Over Full 
and Neg. Inputs Near Operating Temp. Range. 
Full-Scale) (Note 5) 

CMRR Input Common-Mode VcM ±1 V1N = OV 50 µVIV 
Rejection Ratio Full-Scale = 409.6 mV 

VCMR Common-Mode Range Input High, Input Low, v-+1.5 v+-1.0 v 

Noise (p-p value not V1N = 0 v 15 µV 
exceeded 95% of Time) Full-Scale = 409.6 mV 

l1N Leakage Current at Input v,N = ov All Packages 25°C 1 10 pA 
TSC7109A CPL 20 100 pA 
0°C ::::: TA ::::: + 70°C 
TSC7109AIJL 100 250 pA 
-25°C ::::: TA ::::: +85°C 
TSC7109AMJL 2 5 nA 
-55°C ::; TA ::; +125°C 
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TSC7109A 

TCzs Zero Reading Drift V1N = ov 0.2 1 µV/°C 

TCFs Scale Factor V1N = 408.9 mV =.>7770s 1 5 ppm/°C 
Temperature Coefficient reading 

Ext. Ref. 0 ppm/°C 

1• Supply Current V1N = 0, Crystal Osc. 700 1500 µA 
v•to GND 3.58 MHz Test Circuit 

lsuPP Supply Current v• to v- Pins 2-21, 25, 26, 27, 29, 700 1500 µA 
open 

VREF Ref Out Voltage Referred to v•, 25k0 -2.4 -2.8 -3.2 v 
between v• and Ref Out 

TC REF Ref Out Temp. Coefficient 25KO Between v+ and 80 ppm/°C 
Ref Out 

DIGITAL 
Electrical Characteristics: All parameters with v+ = +5V, v- = -5V, GND = OV, TA = 25°C, unless 
otherwise indicated. 

SYMBOL PARAMETER 

VoH Output High Voltage 

VoL Output Low Voltage 

Output Leakage Current 

Control 1/0 
Pull-up Current 

Control 1/0 Loading 

V1H Input High Voltage 

V1L Input Low Voltage 

Input Pull-up Current 

Input Pull-up Current 

Input Pull-down Current 

OoH Oscillator Output High 

OoL Current Low 

BOoH Buffered Oscillator High 

BOoL Output Current Low 

tw MODE Input Pulse Width 

TEST 
CONDITIONS 

louT = 100µA 
Pins 2-16, 18, 19, 20 

louT = 1.6 mA 

Pins 3-16 High Impedance 

Pins 18, 19, 20 VouT = v•-3v 
MODE Input at GND 

HBEN Pin 19 LBEN Pin 18 

Pins 18-21, 26, 27 
Referred to GND 

Pins 18-21, 26, 27 
Referred to GND 

Pins 26, 27. VouT = v• -3 v 

Pins 17,24. VouT = v• -3 v 

Pin 21. VouT = GND = +3 V 

VouT =.2.5 V 

VouT = 2.5V 

VouT = 2.5 V 

VouT = 2.5 V 

TSC7109A 
MIN TYP MAX UNIT 

3.5 4.3 v 

0.2 0.4 v 

±.01 ±1' µA 

5 µA 

50 pF 

2.5 v 

1 v 

5 µA 

25 µA 

1 µA 

1 mA 

1.5 mA 

2 mA 

5 mA 

60 ns 



12 BIT µP - COMPATIBLE A/D CONVERTER 

TSC7109A 

Notes: 

HANDLING PRECAUTIONS: These devices are CMOS 
and must be handled correctly to prevent damage. 
Package and store only in conductive foam, anti-static 
tubes or other conducting material. Use proper antistatic 
handling procedures. Do not connect in circuits under 
"power-on" conditions, as high transients may cause 
permanent damage. 

1. Input voltages may exceed the supply voltages if the 
input current is limited to ±100 µA. 

2. Connecting any digital inputs or outputs to voltages 
greater than v+ or less than GN D may cause destructive 
device latchup. Therefore, it is recommended that inputs 
from sources other than the same power supply should 
not be applied to the TSC71 09A before its power supply 
is established. In multiple supply systems, the supply to 
the TSC7109A should be activated first. 

Pin Description 
40-Pin DIP 
Pin Number 

Name 

1 GND 

2 STATUS 

3 POL 

4 OR 

5 B,, 

6 B,, 

7 B10 

8 Bg 

9 Ba 

10 B7 

11 Bs 

12 Bs 

13 B. 

14 B3 

15 B, 

16 B, 

17 TEST 

3. This limit refers to that of the package and will not occur 
during the normal operation. 

4. A full scale voltage of 4.096V exceeds the TSC7109A 
Common Mode Voltage Range. Therefore the full scale 
voltage has been changed to 2.048V. 

Description 

Digital Ground, 0 V, Ground Return for all digital logic. 

Output High during integrate and deintegrate until data is latched. Output 
Low when analog section is in Auto-Zero or Zero-Integrator configuration. 

Polarity - High for Positive Input. 

Overrange - High if Overranged. 

Bit 12 (Most Significant Bit). 

Bit 11. 

Bit 10. 

Bit 9. 

Bit 8. 

Bil 7. 

Bit 6. 

Bit 5. 

Bit 4. 

Bit 3. 

Bit 2. 

Bit 1 (Least Significant Bit). 

All 
Three
State 
Data 
Bits 

Input High - Normal Operation. Input Low - Forces all bit outputs high. 
Note: This input is used for test purposes only. 
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40-Pin DIP 
Pin Number 
Normal 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Name 

LBEN 

HBEN 

CE/LOAD 

MODE 

OSCIN 

OSC OUT 

OSC SEL 

BUFOSCOUT 

RUN/HOLD 

SEND 

v-
REF OUT 

BUFFER 

AUTO-ZERO 

INTEGRATOR 

COMMON 

INPUT LOW 

INPUT HIGH 

REF IN+ 

REF CAP+ 

REF CAP-

REF IN -
y+ 

NOTE: All digital levels are positive true. 

PRODUCT INFORMATION 

Description 

Low Byte Enable - With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 
taking this pin low activates low order byte outputs B1 -BB. With MODE (Pin 
21) high, this pin serves as low byte flag output used in handshake mode. 
See Figures 7, 8, 9. 

High byte Enable - With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 
taking this pin low activates high order byte outputs B9-B12, POL, OR. With 
MODE (Pin 21) high, this pin serves as high byte flag output used in 
handshake mode. See Figures 7, 8, 9. 

Chip Enable Load - With MODE (Pin 21) low, CE/LOAD serves as a 
master output enable. When high, B1-B12, POL, OR outputs are disabled. 
When MODE (Pin 21) is high, a load strobe used in handshake mode. See 
Figures 7, 8, 9. 

Input Low - Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19) 
and LBEN (Pin 18) act as inputs directly controlling byte outputs. Input 
Pulsed High - Causes immediate entry into handshake mode and output 
of data as in Figure 9. Input High- Enables CE/LOAD (Pin 20), HBEN (Pin 
19), and LBEN (Pin 18) as outputs, handshake mode will be entered and 
data output as in Figures 7 and 8 at conversions completion. 

Oscillator Input 

Oscillator Output 

Oscillator Select - Input high configures OSC IN, OSC OUT, BUF OSC 
OUT as RC oscillator - clock will be same phase and duty cycle as BUF 
OSC OUT. Input low configures OSC IN, OSC OUT for crystal oscillator 
-clock frequency will be 1 /58 of frequency at BUF OSC OUT. 

Buffered Oscillator Output. 

Input High - Conversions continuously performed every 8192 clock 
pulses. Input Low - Conversion in progress completed, converter will stop 
in AutoZero seven counts before integrate. 

Input-Used in handshake mode to indicate ability of an external device to 
accept data. 

Analog Negative Supply - Nominally -5 V with respect to GND (Pin 1 ). 

Reference voltage Output - Nominally 2.8 V down from v+ (Pin 40) 

Buffer Amplifier Output. 

Auto-Zero Node - Inside foil of CAz 

Integrator Output - Outside foil of C1NT 

Analog Common - System 'is Auto-Zeroed to COMMON. 

Differential Input Low Side. 

Differential Input High Side. 

Differential Reference Input Positive. 

Reference Capacitor Positive. 

Reference Capacitor Negative. 

Differential Reference Input Negative. 

Positive Supply Voltage - Nominally +5 V with respect to GND (Pin 1 ). 
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CD4040B 
011 

RESET ,, 
•5V i v• 1 GND I--------<>:::- - - GND 

2 OSC CONTROL. 

3 GND 
25 BUF OSC OUT 
2 STATUS 

EXTERNAL 
REFERENCE GND 

•SV 4 ARD 

EPE 39 

CLS1 38 
CLS2 'n 

SBS 36 

REF IN + 361----~~---<> 
5-12 19 HBEN IN HI 35 l--_._~=\lu'--<>+ INPUT 
RBR1-8 

13 PE 
14 FE 
15 OE 

GND 16 SFD 

SERIAL 
INPUT 

SERIAL 

20 ARI 

25 TRO 

Pl 35 

CAL 34 
3-8 
89-812, POL, OR 

9-16 
--+-"'--'81-88 

17 TEST 
l-----------<18LBEN 
1--------------121 MODE 

TBRL 23 20 CE/LOAD 
TBRE 22 27 SEND 

MR 21 GND 

REF OUT 29 
v-2a 

RUN/HOLD 26 
DSC SEL 24 

DSC OUT 23 

OSC IN 22 

OUTPUT '----------'FOR LOWEST POWER CONSUMPTION, '------------' 
TBR1-TBR8 INPUTS SHOULD HAVE lOOKn TSC7109A 6403 

CMOS UART PULLUP RESISTORS TO +5V CMOS AID CONVERTER 

Figure 1: TSC7109A UART Interface. Send Any Word to UART to Transmit Latest Result. 

D 
2 3 •SV 40 v+ REF IN - 39 

XTAL1 XTAL2 GND 1 GND REF CAP - 38 
•5V 1 TO 17 TEST REF CAP+ 37 

4 RESET REF IN + 36 
5 SS IN HI 35 
6 INT IN LO 34 

COM 33 

P14-P17 ..," INT 32 
AZ 31 

26 RUN/HOLD BUF 30 

P12 29 2 STATUS REF OUT 29 
P11 28 18 LBEN v- 28 
P10 27 19 H8EN SEND 27 

>-8 BUF OSC OUT 25 

89-812, POL, OR OSC SEL 24 

12-19 9-16 OSC OUT 23 

DBO-DB7 81-88 OSC IN 22 

GND 20 GND RD 10 20 CE/LOAD MODE 21 

8748/8049 TSC7109A 
CMOS MICROCOMPUTER CMOS AID CONVERTER 

Figure 2: TSC7109A Parallel Interface with 8048/8049 Microcomputer 

DETAILED DESCRIPTION 

Analog Section Auto-Zero Phase 

20KH 0.2V REF 
200Kn 2V REF 

::---GND 

EXTERNAL 
REFERENCE 

INPUT 

20Kn 0.2 V REF. 
200Kn 2V REF. 

The Functional Diagram shows a block diagram of the 
Analog Section of the TSC71 09A. The circuit will perform 
conversions at a rate determined by the clock frequency 
(8192 clock periods per cycle), when the 
RUN/HOLD input is left open or connected to v•. Each 
measurement cycle is divided into four phases as shown in 
Figure 3. They are: (1) Auto-Zero (AZ), (2) Signal Integrate 
(INT), (3) Reference Deintegrate (DE), and (4). Zero 
Integrator (ZI). 

The buffer and the integrator inputs are disconnected 
from input high and input low and connected to analog 
common. The reference capacitor is charged to the 
reference voltage. A feedback loop is closed around the 
system to charge the auto-zero capacitor, CAz, to com
pensate for offset voltage in the buffer amplifier, integrator, 
and comparator. Since the comparator is included in the 
loop, the AZ accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 µV. 
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Signal Integrate Phase 

. The buffer and integrator inputs are removed from 
COMMON and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is 
placed in series in the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage 
between input high and input low is integrated for a fixed 
time of 2048 clock periods. At the end of this phase, the 
polarity of the integrated signal is determined. If t.he input 
signal has no return to the converter power supply, input 
low can be tied to analog common to establish the correct 
common-mode voltage. 

De-Integrate Phase 

Input high is connected across the previously charged 
reference capacitor and input low is internally connected to 
analog common. Circuitry :ovithin the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to the zero crossing 
(established by AUTO-ZERO) with a fixed slope. The time, 
represented by the number of clock periods counted for the 
output to return to zero, is proportional to the input signal. 

Zero-Integrator Phase 

The ZI phase only occurs when an input overrange 
condition exists. The function of the ZI phase is to eliminate 
residual charge on the integrator capacitor after an over
range measurement. Unless removed, the residual charge 
will be transferred to the auto-zero capacitor and cause an 
error in the succeeding conversion. 

The ZI phase virtually eliminates hysterisis or "cross 
talk" in multiplexed systems. An overrange input on one 
channel will not cause an error on the next channel 
measured. This feature is especially useful in thermo
couple measurements, where unused (or broken thermo
couple) inputs are pulled to the positive supply rail. 

During ZI, the reference capacitor is charged to the 
reference voltage. The signal inputs are disconnected from 
the buffer and integrator. The comparator output is 
connected to the buffer input, causing the integrator output 
to be driven rapidly to OV (Figure 3). The ZI phase only 
occurs following an overrange and lasts for a maximum of 
1024 clock periods. 

Differential Input 

The TSC7109A has been optimized for operation with 
analog-common near digital ground. With +5 V and -5 V 
power supplies, a full ±4 V full-scale integrator swing 
maximizes the analog section's performance. 

PRODUCT INFORMATION 

A typical CMRR of 86 dB is achieved for input 
differential voltages anywhere within the typical common
mode range of 1.0 Volts below the positive supply to 1.5 
Volts above the negative supply. However, for optimum 
performance the IN HI and IN LO inputs should not come 
within 2 V of either supply rail. Since the integrator also 
swings with the common-mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition is near a full-scale negative 
differential input voltage with a large positive common
mode voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common-mode voltage. In such cases, the inte
grator swing can be reduced to less than the recommended 
±4 V full-scale value, with some loss of accuracy. The 
integrator output can swing to within 0.3 Volts of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere 
within the power supply voltage of the converter. Rollover 
voltage is the main source of common-mode error. It is 
caused by the reference capacitor losing or gaining charge 
due to stray capacity on its nodes. With a large common
mode voltage, the reference capacitor can gain charge 
(increase voltage) when called upon to de-integrate a 
positive signal and lose charge (decrease voltage) when 
called upon to de-integrate a negative input signal. This 
difference in reference for(+) or(-) input voltage will cause a 
roll-over error. This error can be held to less than 0.5 count 
worst case by using a large reference capacitor in 
comparsion to the stray capacitance. To minimize roll-over 
error from these above sources keep the reference 
common-mode voltage near or at analog common. 

Digital Section 

The digital section is shown in block diagram Figure 4 
and includes the clock oscillator and scaling circuit, a 12-bit 
binary counter with output latches and TIL-compatible 
three-state output drivers, UART handshake logic, polarity, 
overrange and control logic. Logic levels are referred to as 
"low" or "high." The actual logic levels are defined in Table 
1 "Operating Characteristics." 

Inputs driven from TIL gates should have 3-5 Kn 
pull-up resistors added for maximum noise immunity. For 
minimum power consumption; all inputs should swing from 
GND (low) to v+ (high). . . 
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~ 
I 

ZI i.----
I 
I 
I 

1_ 
I AZ 

INTEGRATOR 
OUTPUT FOR 
OVERAANGE 
INPUT 

INTEGRATOR 

NO ZERO CROSSING ______., 

I 
I 
I 
I 
I 

ZERO CROSSING I 
DETECTED I 

I 

~g~~~~ ir?~ur l 
~AZ PHASE 1 ~INT PHASE II ~,--~'-t-'T?"~ DEINT PHASE Ill ~AZ • 

INTERNAL CLOCK ri.r' ~ rl1flJl.,fl..,. '1I1I1i1Itr 
I I I I 

INTERNAi_ LATCH I I \ I 

STATUS OUTPUT J J 
I I 

1.- cJ~~~s ~ F~g~J~~s ,. I Ill 1 4096 ~~JNTS -.j 
MIN. I 7"" I 

I "' AFTER ZERO CROSSING, 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION Will 

PROPORTIONAL TO v,N g~~NF~UJ~fr~~~ 

Figure 3: Conversion Timing (RUN/HOLD Pin High) 

TEST 

17 

t HIGH ORDER t LOW ORDER ~ 
BYTE OUTPUTS BYTE OUTPUTS 

BBBBBBBBBBBB 
POL OR 12 11 10 9 8 7 6 5 4 3 2 1 

ZERO INTEGRATOR 
PHASE FORCES 
INTEGRATOR OUTPUT 
TO OV 

t-----.--,1,.-8 --<JJ LBEN 
1---.-+-~'~·~J i-rBEN 
t----<H-+~'~O-{J) CE/LOAD 

i 
COMP OUT 

TO AZ 
ANALOG INT 
SECTION OEINT(+) 

DEINT(-) 
ZI 

Figure 4: Digital Section 

_21 __ 21 ---i-
STATUS RUN/ OSC OSC OSC BUF MODE SEND GND 

HOLD IN OUT SEL OSC 
OUT 
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~~l~~R~E~~~N:s~~g ~-A~~~~~~O --1 STATIC IN ~ ~~:SE II 
DETECTION""' I MIN. 1790 COUNTS I HOLD STATE I INTEGRATOR 

OUTPUT _-..J "'I MAX 2041 COUNTS I i I 
, , . . I f--- 7 COUNlS ---1 

INTERNAL CLOCK LI' '1.ILfU1... J1Jlnfi.f1J1.. ..I1nIUUl..· ~ ~ 
I I I 

INTERNAL LATCH I I 

I 

--~~~~~~-'r----
1 

STATUS OUTPUT 

RUN/HOLD INPUT 
L _____ _ . _____ t___r:::::~ ~ L--------:----

Figure 5: TSC7109A RUN/HOLD Operation 

STATUS Output 
During a conversion cycle, the STATUS output goes 

high at the beginning of Signal Integrate and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 3. The 
signal may be used as a "data valid" flag to drive interrupts, 
or for monitoring the status of the converter. (Data will not 
change while STATUS is low). 

MODE Input 

The output mode of the converter is controlled by the 
MODE Input. The converter is in its "Direct" output mode, 
when the MODE pin is low or left open. The output data is 
directly accessible under the control of the chip and byte 
enable inputs (this input is provided with a pull-down 
resistor to ensure a low level when the pin is left open). 
When the MODE input is pulsed high, the converter enters 
the UART handshake mode and outputs the data in two 
bytes, then returns to "direct" mode. When the MODE input 
is kept high, the converter will output data in the handshake 
mode atthe end of every conversion cycle. With MODE= O 
(Direct BUS Transfer) the send input should be tied to v+. 
(See Handshake Mode Section). 

RUN/HOLD Input 
With RUN/HOLD high or open, the circuit operates 

normally as a dual slope A/D as shown in Figure 3. 
Conversion cycles operate continuously with the output 
latches updated after zero crossing in the de-integrate 
mode. An internal pull-up resistor is provided to insure a 
high level with an open input. 

The RUN/HOLD may be used to shorten conversion 
time. If the RUN/HOLD goes low at anytime after zero 
crossing in the de-integrate mode, the circuit will jump to 
auto-zero and eliminate that portion of time normally spent 
in de-integrate. 

* RUN/HOLD INPUT IS IGNORED UNTIL END OF AUTO ZERO PHASE 

If RUN/HOLD stays or goes low the conversion will 
complete with minimum time in de-integrate. It will stay in 
auto-zero for the minimum time and wait in auto-zero for a 
high in the RUN/HOLD input. As shown in Figure 5, the 
STATUS ouput will go high seven clock periods after 
RUN/HOLD is changed to high, and the converter will begin 
the integrate phase of the next conversion. 

The RUN/HOLD input allows controlled conversion 
interface. The converter may be held at idle in auto-zero 
with RUN/HOLD low. The conversion is started when 
RUN/HOLD goes high and the new data is valid when the 
STATUS output goes low (or is transferred to the UART 
-see Handshake Mode.) RUN/HOLD may now go low, 
terminating deintegrate and ensuring a minimum auto-zero 
time before stopping to wait for the next conversion. 
Conversion time can be minimized by ensuring 
RUN/HOLD goes low during deintegrate, after zero 
crossing, and goes high after the hold point is reached. The 
required activity on the RUN/HOLD input can be provided 
by connecting it to the Buffered Oscillator output. In this 
mode, the input value measured determines the conversion 
time. 

Direct Mode 
The data outputs (bits 1 through 8 low order byte, bits 9 

through 12, polarity and overrange high order byte) are 
accessible under control of the byte and chip enable 
terminals as inputs with the MODE pin at a low level. These 
three inputs are all active low. Internal pull-up resistors are 
provided for an inactive high level when left open. When the 
chip enable is low, a byte enable input low will allow the 
outputs of the byte to become active. A variety of parallel 
data accessing techniques may be used, as shown in the 
section entitled "Interfacing." (See Figure 6 and Table 3) 

The access of data should be synchronized with the 
conversion cycle by monitoring the STATUS output. This 
will prevent accessing the data while it is being updated and 
eliminate the acquisition of erroneous data. 
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CE/LOAD~ r 
AS INPUT ~ 

.- tcEA -.. 

LOW BYTE----- _________ _, r--
DATA 

----=HIGH IMPEDANCE 

Figure 6: TSC7109A Direct Mode Output Timing 

~mbol Descr!filion Min. Im Max. 
ts EA IM_e Enable Width 200 500 
toAB Data Access Time 150 300 

from IM_e Enable 
toHB Data Hold Time 150 300 

from IM_e Enable 
tcEA ChjQ__Enable Width 300 500 
toAC Data Access Time 200 400 

from ChjQ_Enable 
toHC Data Hold Time 200 400 

from Chip Enable 

Units 
ns 
ns 

ns 

ns 
ns 

ns 

Tabel 3. TSC7109A Direct Mode Timing Requirements 

Handshake Mode 
An alternative means of interfacing the TSC7109A to 

digital systems is provided when the handshake output 
mode of the TSC7109A becomes active in controlling the 
flow of data instead of passively responding to chip and 
byte enable inputs. This mode allows a direct interface 
between the TSC7109A and industry-standard UART's 
with no external logic required. The TSC7109A provides all 
the control and flag signals necessary to sequence the two 
bytes of data into the UART and initiate their transmission in 
serial form when triggered into the handshake mode. The 
cost of designing remote data acquisition stations is 
reduced using serial data transmission to minimize the 
number of lines to the central controlling processor. 

The MODE pin controls the handshake mode. When 
the MODE terminal is held high, the TSC7109A will enter 
the handshake mode after new data has been stored in the 
output latches at the end of every conversion performed 
(see Figures 7 and 8). Entry into the handshake mode may 
be triggered on demand by the MODE terminal. At any time 
during the conversion cycle, the low to high transition of a 
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short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new 
data is being stored, the entry into handshake mode is 
delayed until the data is stable. The MODE input is ignored 
in the handshake mode, and until the converter completes 
the output cycle and clears the handshake mode data 
updating will be inhibited (see Figure 9). 

When the MODE input is high or when the converter 
enters the handshake mode, the chip and byte enable 
terminals become TTL-compatible outputs which provide 
the output cycle control signals (see Figures 7, 8 and 9). 

The SEND input is used by the converter as an 
indication of the ability of the receiving device (such as a 
UART) to accept data in the handshake mode. The 
sequence of the output cycle with SEND held high is shown 
in Figure 7. The handshake mode (internal MODE high) is 
entered afterthe data latch pulse (the CE/LOAD, LBEN and 
HBEN terminals are active as outputs since MODE remains 
high). 

The high level at the SEND input is sensed on the 
same high to low internal clock edge. On the next low to 
high internal clock edge the high-order byte (bits 9 through 
12, POL, and OR) outputs are enabled and the CE/LOAD 
and the HBEN outputs assume a low level. The CE/LOAD 
output remains low for one full internal clock period only; the 
data outputs remain active for 1112 internal clock periods; 
and the high byte enable remains low for two clock periods. 
The CE/LOAD output low level or low to high edge may be 
used as a synchronizing signal to ensure valid data, and the 
byte enable as an output may be used as a byte identifica
tion flag. With SEND remaining high the converter 
completes the output cycle using CE/LOAD and LBEN 
while the low order byte outputs (bits 1 through 8) are 
activated. When both bytes are sent the handshake mode is 
terminated. The typical UART interfacing timing is shown in 
Figure 8. The SEND input is used to delay portions of the 
sequence, or handshake to ensure correct data transfer. 
This timing diagram shows an industry-standard HD6402 
or CDP1854 CMOS UART to interface to serial data 
channels. The SEND input to the TSC7109A is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the CE/LOAD terminal of the TSC7109A drives 
the TBRL (Transmitter Buffer Register Load) input to the 
UART. The eight transmitter Buffer Register inputs accept 
the parallel data outputs. With the UART Transmitter Buffer 
Register empty, the SEND input will be high when the 
handshake mode is entered after new data is stored. The 
high order byte outputs become active and the CE/LOAD 
and HBEN terminals will go low after SEND is sensed. 
When CE/LOAD goes high at the end of one clock period, 
the high order byte data is clocked into the UART 
Transmitter Buffer Register. The UART TBRE output will go 
low, which halts the output cycle with the HBEN output low, 
and the high order byte outputs active. When the UART has 

8-107 

II 



TSC7109A 

transferred the data to the Transmitter Register and cleared 
the Transmitter Buffer Register, the TBRE returns high. The 
high order byte outputs are disabled on the nextTSC7109A 
internal clock high to low edge, and one-half internal clock 
later. the HBEN output returns high. The CE/LOAD and 
LBEN outputs go low at the same time as the low order byte 
outputs become active. When the CE/LOAD returns high at 
the end of one clock period, the low order data is clocked 
into the UART Transmitter Buffer Register, and TBRE again 
goes low. The next TSC7109A internal clock high to low 
edge will sense when TBRE returns to a high, disabling the 
data inputs. One-half internal clock later, the handshake 
mode is cleared, and the CE/LOAD, HBEN and LBEN 
terminals return high and stay active, if MODE still remains 
high. 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK 

INTERNAL 

ZERO CROSSING OCCURS 

/ ~-ZERO CROSSING DETECTED 

LATCH -------' 

STATUS ---------+ 
OUTPUT 

PRODUCT INFORMATION 

Handshake output sequences may be performed on 
demand by triggering the converter into handshake mode 
with a low to high edge on the MODE input. A handshake 
output sequence triggered is shown in Figure 9. The SEND 
input is low when the converter enter handshake mode. The 
whole output sequence is controlled by the SEND input, 
and the sequence for the first (high order) byte is similar to 
the sequence for the second byte. 

This diagram also shows that the output sequence can 
take longer than a conversion cycle. New data will not be 
latched when the handshake mode is still in progress and is 
therefore lost. 

HBEN '-------1---f ~0~!NLg:;,!~1Mooe I/ 
.

1 

DISABLES OUTPUTS CE/ OAD, HBEN, lBEN 

HIGH:~::--------------_-_"""_,,\ -----.... -'----1---0-AT_A_V-AL-IO--+----... ------ --- ---~~:= 

LOW BYTE-----------
DATA 

DATA VALID 

- = DON'T CARE ----=THREE-STATE HIGH IMPEDANCE _!._.!._ = THAEE-STATEWITHPULL-UP 

Figure 7: TSC7109 Handshake with Send Input Held Positive 
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TSC7109A 

MODE ------!obmL...-""""""-- ~--lll!!!l!!mm!i ---INPUT I-~ ~ 
UART I I INTERNAL NORM 

MODE --------! SEND SEND 

_,,. -- t SENSED SENSED -~ -,·---+-----.. 
SEND INPUT 

(UART TBRE) 

CE/LOAD OUTPUT ----------< 
(UART TBRL) ~~-

HBEN E 
HIGH g:~! --------_-_-_-_-_-_-_+,_---+----D-A-TA-VA_l_,10 ~ - ------~ ,__ ---

LBEN 

--------< ,_--+-~ OATA VALID LOW g:;! ----------t--
• =DON'T CARE ---- =THREE-STATE HIGH IMPEDANCE 

Figures: TSC7109A Handshake -Typical UART Interface Timing 

ZERO CROSSING OCCURS 

~ 
ZERO CROSSING DETECTED 

INTERNAL rf rl JL__fL-JL rf rl r-, ~ 
CLOCK __J L......J '-' ,._j ~--- __ b-J l...., 

LATCH PULSE , 

INTERNAL INHIBITED IN r --, ~, 
LATCH UART MOOE __ ..,. 

INTERNAL ~~~!- r---:i 
MODE ~ S~~~~D SEND 

SEND~// ··Jr"---~---~ SENj"" 

CE~~:~::;:; _u--L ~ -
AS OUTPUT 

v 
HIGH~:;!----------~~----.{ DATA VALID.:==,}-- -------~ 1---

LBEN _,l _ _l __ t_r-- ,...._--~------<,_ ___ ,.I\ 

LOW g;;:----------- 1--------------I' 1---t-~ 
I 1'-------1 

• = DON'T CARE = THREE-STATE HIGH 
IMPEDANCE 

Figure 9: TSC7109A Handshake Triggered by Mode Input 
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Oscillator 
The oscillator may be overdriven, or may be operated 

as an RC or crystal oscillator. The OSCILLATOR SELECT 
input optimizes the internal configuration of the oscillator for 
RC or crystal operation. The OSCILLATOR SELECT input 
is provided with a pull-up resistor. When the OSCILLATOR 
SELECT input is high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same 
frequency and phase as the signal at the BUFFERED 
OSCILLATOR OUTPUT. Connectthe resistor and capacitor 
as in Figure 10. The circuit will oscillate at a frequency given 
by F = 0.45/RC. A 100 KO resistor is recommended for 
useful ranges of frequency. The capacitor value should be 
chosen such that 2048 clock periods are close to an 
integral multiple of the 60 Hz period for optimum 60 Hz line 
rejection. 

With OSCILLATOR SELECT input low, two on-chip 
capacitors and a feedback device are added to the 
oscillator. In this configuration, the oscillator will operate 
with most crystals in the 1 to 5 MHz range with no external 
components (Figure 11 ). The OSCILLATOR SELECT input 
low inserts a fixed -7-58 divider circuit between the 
BUFFERED OSCILLATOR OUTPUT and the internal clock. 
A 3.58 MHz TV crystal gives a division ratio providing an 
integration time given by: 

T=(2048 clock periods) __ 5_8 __ = 33.18 ms 
3.58 MHz 

The error is less than one percent from two 60 Hz 
periods or 33.33 ms which will give better than 40 dB, 60 Hz 
rejection. The converter will operate reliably at conversion 
rates of up to 30 per second, corresponding to a clock 
frequency of 245.8 kHz. 

24 22 23 25 -10; OSC QSC B(;F-;;E-;;- -
SEL IN OUT I DSC 

OUT 

R c I 

v+ OR OPEN ~--.__-i r--J 
fosc "' .45/RC 

Figure 10: TSC7109A RC Oscillator 

V' --r-~-* CLOCK 

G 
24 •23 25 

-tjl-- - --- ----

1 
osc jasc BUFFERED 
SEL OUT OSC 

GND D OUT 
CRYSTAL 

PRODUCT INFORMATION 

When the oscillator is to be overdriven, the 
OSCILLATOR OUTPUT should .be left open, and the 
overdriving signal should be applied at the OSCILLATOR 
INPUT. The internal clock will be of the same duty cycle, 
frequency and phases as the input signal. When the 
OSCILLATOR SELECT is at GND, the clock will be 1 /58 of 
the input frequency. 

Test Input 
The counter and its outputs may be tested easily. 

When the TEST input is connected to GND, the internal 
clock is disabled, and the counter outputs are all forced into 
the high state. When the input returns to the 1 /2 (V+ -GND) 
voltage or to v+ and one clock is input, the counter outputs 
will all be clocked to the low state. 

The counter output latches are enabled when the 
TEST input is taken to a level halfway between v+ and GND 
allowing the counter contents to be examined anytime. 

Component Value Selection 

The integrator output swing for full-scale should be as 
large as possible. For example, with ±5 V supplies and 
COMMON connected to GND, the nominal integrator 
output swing at full-scale is ±4 V. Since the integrator 
output can go to 0.3 V from either supply without significantly 
effecting linearity, a4 V integrator output swing allows 0.7 V 
for variations in output swing due to component value and 
oscillator tolerances. With ±5 V supplies and a common
mode voltage range of ±1 V required, the component 
values should be selected to provide ±3 V integrator output 
swing. Noise and rollover errors will be slightly worse than 
in the ±4 V case. For large common-mode voltage ranges, 
the integrator output swing must be reduced further. This 
will increase both noise and rollover errors. To improve the 
performance, ±6 V supplies may be used. 

Integrating Capacitor 
The integrating capacitor C1NT should be selected to 

give the maximum integrator output voltage swing that will 
not saturate the integrator to within 0.3 volt from either 
supply. A ±3.5 to ±4 volt integrator output swing is nominal 
for the TSC7109A with ±5 volt supplies and analog 
common connected to GND. For 7112 conversions per 
second (61.72 KHz internal clock frequency) nominal 
values C1NT and CAz are 0.15 µF and 0.33µF, respectively. 
These values should be changed if different clock fre
quencies are used to maintain the integrator output voltage 
swing. The value of C1NT is given by: 

CiNT = (2048 x Clock Period) (20 µA) 
Integrator Output Voltage Swing 

Figure 11: TSC7109A Crystal Oscillator 8-110 
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The integrating capacitor must have low dielectric 
absorption to prevent rollover errors. Polypropylene 
capacitors give undetectable errors at reasonable cost up 
to 85°C. Teflon® capacitors are recommended for the 
military temperature range. While their dielectric absorption 
characteristics vary somewhat between units, devices may 
be selected to less than 0.5 count of error due to dielectric 
absorption. 

Integrating Resistor 

The integrator and the buffer amplifier both have a 
class A output stage with 100 µA of quiescent current. They 
supply 20 µA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2.048 voltfull-scale a 100 Kn 
and for 409.6 mV full-scale a 20 Kn are recommended. 
R1Nr may be selected for other values of full-scale by: 

RiNr = Full-Scale Voltage 

20µA 

Auto-Zero Capacitor 

As the auto-zero capacitor is made large the system 
noise is reduced. Since the TSC7109A incorporates a zero 
integrator cycle, the size of the auto-zero capacitor does 
not affect overload recovery. The optimal value of the auto
zero capacitor is between 2 and 4 times C1Nr. A typical 
value for CAz is 0.33 µF. 

The inner foil of CAz should be connected to pin 31 and 
the outer foil to the RC summing junction. The inner foil of 
C1Nr should be connected to the RC summing junction and 
the outer foil to pin 32 for best rejection of stray pickup. For 
low leakage at temperatures above 85°C use Teflon® 
capacitors. 

Reference Capacitor 

A 1 µF capacitor is recommended for most circuits. 
However, where a large common-mode voltage exists a 
larger value is required to prevent rollover error (for 
example: the reference low is not analog common) and a 
409.6 mV scale is used. The rollover error will be held to 0.5 
count with a 10 µF capacitor. For temperatures above 80°C 
use Teflon® or equivalent capacitors for their low leakage 
characteristics. 

Reference Voltage 

To generate full-scale output of 4096 counts the 
analog input required is V1N = 2 VREF· For a 409.6 mV 
full-scale use a reference of 204.8 mV. In many applications 
where the AID is connected to a transducer, there will exist 

TSC7109A 

a scale factor between the input voltage and the digital 
reading. For instance, in a measuring system, the designer 
might like to have a full-scale reading when the voltage for 
the transducer is 700 mV. Instead of dividing the input down 
to 409.6 mV, the designer should use the input voltage 
directly and select VREF = 350 mV. Suitable values for 
integrating resistor and capacitor would be 34 Kn and 0.15 
µ F. This makes the system slightly quieter and also avoids 
a divider network on the input. Another advantage of this 
system occurs when temperature and weight measure
ments with an offset or tare are desired for non-zero input. 
The offset may be introduced by connecting the voltage 
output of the transducer between common and analog high, 
and the offset voltage between common and analog low, 
observing polarities carefully. In processor-based systems 
using the TSC7109A, it may be more desirable to use 
software and perform this type of scaling or tare subtraction 
digitally. 

Reference Sources 

A major factor in the absolute accuracy of the converter 
is the stability of the reference voltage. The 12-bit resolution 
of the TSC7109A is one part in 4096, or 244 ppm. Thus, for 
the on-board reference temperature coefficient of 70 
ppm/°C a temperature difference of 3°C will introduce a 
one-bit absolute error. Where the ambient temperature is 
not controlled or where high-accuracy absolute measure
ments are being made it is recommended that an external 
high-quality reference be used. 

A Reference Output (Pin 29) is provided which may be 
used with a resistive divider to generate a suitable 
reference voltage. 20 mA may be sunk without significant 
variation in output voltage. A pullup bias device is provided 
which sources about 1 O µA. The output voltage is nominally 
2.8 V below v+. When using the on-board reference, Ref 
Out (Pin 29) should be connected to Ref- (Pin 39), and 
Ref+ should be connected to the wiper of a precision 
potentiometer between Ref Out and v+. The test circuit 
shows the circuit for a 204.8 mV reference, generated by a 
2 Kn precision potentiometer in series with a 24 Kn fixed 
resistor. 

INTERFACING 
Direct Mode 

Combinations of chip enable and byte enable control 
signals which may be used when interfacing the TSC7109A 
to parallel data lines are shown in Figure 12. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable (Figure 12A). Figure 128 shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. Figure 12C shows a configuration 
where the two byte enables are connected together. The 
CE/LOAD is a chip enable, and the HBEN and LBEN may 
be used as a second chip enable or connected to ground. 
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The 14 data outputs will be enabled atthe same time. In the 
direct MODE, SEND should be tied to v•. 

Figure 13 interfaces several TSC7109A's to a bus, 
ganging the HBEN and LBEN signals to several converters 
together, and using the CE/LOAD inputs to select the 
desired converter. 

Figures 14-19 give practical circuits utilizing the 
parallel three-state output capabilities of the TSC7109A. 

A. GND 8. GND 

MODE CE7LOAD MODE 

89-812 ·~ POL,· OR 

.., .... 81-88 

PRODUCT INFORMATION 

Figure 14 shows parallel interface to the intel MCS-48, -80 
and -85 systems via an 8255 PPI, where the TSC7109A 
data outputs are active at all times. The 81551/0 ports may 
be used in an identical manner. This interface can be used 
in an identical manner. This interface can be used in a 
read-after~update sequence, as shown in Figure 15. The 
data is accessed by the high to low transition of the 
STATUS driving an interrupt to the microprocessor. 

CHIP SELECT 1 

CE/LOAD 

61-812 
POL, OR 

14 

""" 

c. GND 
CHIP SELECT 

MODE CE/LOAD 

89-812 
POL, OR 

ANALOG TSC7109A ANALOG TSC7109A ANALOG 
IN 

""" 81-88 

TSC7109A 
IN IN 

RUN/HOLD --- RUN/HOLD 
CONVERT 

HBEN LBEN HBEN LBEN 

GNDOR 

CONTROL CHIP SELECT 2 

Figure 12: Direct Mode Chip and Byte Enable Combinations 

The RUN/HOLD input is also used to initiate con
versions under software control. Figure 16 gives an 
interface to Motorola MC6800 or MOS Technology 
MCS650X system. 

An interrupt is generated through the Control Registe,r 
B, CB1 line from the high to low transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of 
conversions. 

Direct interfacing to most microprocessor busses is 
easily accomplished through the three-state output of the 
TSC7109A. 

Figure 1, 17 and 18 are typical connection diagrams. 
To be sure that requirements for setup and hold times, 
minimum pulse widths, and the drive limitations on long 
busses are met, it is necessary to carefully consider the 
system timing in this type of interface. This type of interface 
is used when the memory peripheral address density is low 
providing simply address decoding. Interrupt handling can 
be simplified by using an interface to reduce the component 
count. 
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GND 

ANALOG 
IN 

CONVERTER 
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MODE CE/LOAD 

89-812 
POL, OR 

.., ... 
TSC7109A 

HBEN 

Bl·BB 

RUN/HOLD 

LBEN 

+SV 

BYTE SELECT FLAGS < 

GNO 

ANALOG 
IN 

CONVERTER 
SELECT 

8-BIT BUS 

MODE CE/LOAD 

B9-B12 
POL, OR 

.., ... 
TSC7109A 

81-88 

RUN/HOLD 

LBEN 

Figure 13: Three-Stating Several TSC7109A's to a Small Bus 

GND 

MODE CE/LOAD RD WR 07-00 AO-A1 
89-812 cs 
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PAs-PAo 

RUN/HOLD '5V 

8255 .., ... 81-88 PB7-PB0 (MOOED) 

ANALOG 
TSC7109A 

IN STATUS 
SEE TEXT 

PCs 

HBEN [BEN 

GND 

'5V 

Figure 14: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer 
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TSC7109A 

07-DO AO-A1 
cs 

87C48, 
8255 8008, 8080, 

8085, 8048 ETC 

PC5 INTRA INTR 

Figure 15: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers with Interrupt 

GND 
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IN 

MODE 

B9-B12 

POL, OR ~---;/ 

..,ii"' 81-88 

TSC7109A 1----~i 

PA0-5 

PB0-7 

STATUS~----ICB1 

RUN/HOLD t-------i CB2 

cE! -- --
COAD HBEN LBEN 

GND _...__~ _ _J 

CAB [--11R-01I 

MC6820 

ADDRESS DATA 
BUS BUS 

CONTROL 
BUS 

Figure 16: Full-Time Parallel Interface to MC6800 or MCS650X Microprocessors 
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TSC7109A 

ADDRESS BUS 

A14 A15 

CONTROL BUS 

RD* 

DATA BUS 

ANALOG 
IN 

HBEN LBEN 

89·812 
POL, OR 

~"" TSC7109A 
81-88 8 

CE/LOAD t------~ 

MODE RUN/HOLD 

GND +5V 

Figure 17: Direct Interface -TSC7109A to 8080/8085 

Handshake Mode 

The handshake mode provides an interface to a wide 
variety of external devices. The byte enables may be used 
as byte identification flags or as load enables and external 
latches may be clocked by the rising edge of CE/LOAD. A 
handshake interface to Intel microprocessors using an 
8255 PPI is shown in Figure 19. The handshake operation 
with the 8255 is controlled by inverting its Input Buffer Full 
(IBF) flag to drive the SEND input to the TSC7109A and 
using the CE/LOAD to drive the 8255 strobe. The int~rnal 
control register of the PPI should be set in MODE 1 for the 
port used. If the 8255 IBF flag is low and the TSC7109A is in 
handshake mode the next word will be strobed into the port. 
The stobe will cause IBF to go high (SEND goes low), which 
will keep the enabled byte outputs active. The PPI will 
generate an interrupt which when executed will result in the 
data being read. The IBF will be reset low when the byte is 
read causing the TSC7109A to sequence into the next byte. 
The MODE input to the TSC7109A is connected to the 
control line on the PPI. 

The data from every conversion will be sequenced in 
two bytes in the system, if this output is left high, or tied high 
separately. (The data access must take less time than a 
conversion). The output sequence can be obtained on 
demand if this output is made to go from low to high andthe 
interrupt may be used to reset the MODE bit. 

8008, 8080, 8085 

* MEMR or iQR 
for 8080/8228 Sy~tem 

TSC7109A by a bit of the 8255. Another peripheral device 
may be serviced by the unused port of the 8255. The 8155 
may be used in a similar manner. The MCS650X 
microprocessors are shown in Figure 20 with MODE and 
RUN/HOLD tied high to save port outputs. 

The handshake mode is particularly useful for directly 
interfacing to industry standard UARTs (such as Western 
Digital TR1602) providing a means of serially transmitting 
converted data with minimum component count. 

A typical UART connection is shown in Figure 1. In 
this circuit, any word received by the UART causes the 
UART DR (Data Ready) output to go high. The MODE input 
to the TSC7109A goes high, triggering the TSC7109A into 
handshake mode. The high order byte is output to the 
UART and when the UARThas transferred the data to the 
Transmitter Register, TBRE (SEND) goes high again, LBEN 
will go high, driving the UART ORR (Data Ready Reset) 
which will signal the end of the transfer of data from the 
TSC7109A to the UART. 

An extension of the Typical Connection to several 
TSC7109A's with one UART is shown in Figure 21. In this 
circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which 
converter will handshake with the UART. Up to eight 
TSC7109A's may interface with one UART, with no external 
components. Up to 256 converters may be accessed on 
one serial line with additional components. Conversions may be obtained on command under 

software control by driving the RUN/HOLD input to the 
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Figure 18: Direct TSC7109A - MC6800 Bus Interface 
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Figure 19: Handshake Interface -TSC7109A to MCS-48, -80, -85 
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TSC7109A 

ANALOG 
IN 

MODE RUN/HOLD 

"'" TSC7109A 

LBEN HBEN 

PAO-PA7 

CRA l--100-01 I 

MC6820 

ADDRESS DATA CONTROL 
BUS BUS BUS 

Figure 20: Handshake Interface - TSC7109A to MCS-6800, MCS650X 
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Figure 21: Handshake Interface for Multiplexed Converters 
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Integrating Converter Features 

The output of Integrating AID converters represents 
the integral or average of an input voltage over a fixed 
period of time. Compared with techniques in which the input 
is sampled and held, the integrating converter will average 
the effects of noise. A second important characteristic is 
that time is used to quantise the answer, resulting in 
extemely small non-linearity errors and no missing output 
codes. The integrating converter also has very good 
rejection of frequencies whose periods are an integral 
multiple of the measurement period. This feature can be 
used to advantage in reducing line frequency noise. (Figure 
22) 
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Figure 22: Normal Mode Rejection of Dual-Slope 
Converter as a Function of Frequency. 
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TSC8702 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BINARY OUTPUT ADCs 

Test Circuit 

INITIATE 
CONVERSION 

-l1N = 10µA F.S 

RADJ 
(NOTE 2) 

ZERO 
ADJUST 

Note: 

21 "''" 

--20µA t 
GAIN 

50KH 

0.1µF 

~ 19 

Vss 

TSC8700 
TSC8701 
TSC8702 

18 

RBIAS 

-SV 

GND 

20 

1. Any VREF greater than -1 V can be used. 

RREF = VREF 
-20 µA 

For example with VREF = -5 V, RREF = 250 K. 

INTERNAL 
CLOCK 

& 
CONTROL 

LOGIC 

2. 

FEATURES 
• High Accuracy - Up to 12-Bit Resolution With 

<±1/2 LSB Error 
• Tight DNL of <±1/2 LSB 
• Monotonic Performance - No Missing Codes 
• Monolithic CMOS Construction Gives Low Power 

Dissipation - 20 mW Typical 
• Contains All Required Active Elements - Needs 

only Passive Support Components, Reference 
Voltage and Dual Power Supply 

• High Stability Over Full Temperature Range 
- Gain Temperature Coefficient Typically 

<25 ppm/°C 
- Zero Drift Typically <30 µV/°C 
- Differential Non-Linearity Drift Typically 

<25 ppm/°C 
• Latched Parallel Binary Outputs 
• LPTTL, 74LS, CMOS Compatible Outputs and Con

trol Inputs 
• Strobed or Free Running Conversion 
• Infinite Input Range - Any Positive Voltage Can Be 

Applied Via a Scaling Resistor 

DATA 
COUNTERS 

BINARY OUTPUTS 

OUTPUT J ] LATCHES ~ 10BIT 12·BIT 

8-BIT 

10 
11 
12 BIT 0 

8700 8701 8702 

22 BUSY 
23 DATA VALID 

Part No. RADJ C1NT Zero Offset Spec 

TSC8700 1.6 kf1 68 pF ±80 mV 

TSC8700 1.0 kf1 33 pF ±50 mV 

TSC8701/8702 1.0 k!l 68 pF ±50 mV 

8-119 

II 



TSC8700 
TSC8701 
TSC8702 
GENERAL DESCRIPTION 

The TSC8700/8701/8702s are 8/10/12 bit mono
lithic CMOS analog-to-digital converters. Fully self
contained in a single 24-pin dual in-line package, each 
converter requires only passive support components, 
reference and power supplies. 

Conversion is performed by an incremental 
charge balancing technique which has inherently high 
accuracy, linearity and noise immunity. An amplifier 
integrates the sum of the unknown analog current and 
pulses of a reference current, and the number of pulses 
(charge increments) needed to maintain the amplifier 
summing junction near zero is counted. At the end of 
conversion the total count is latched into the digital 
outputs as an 8/10/12-bit binary word. 

Ordering Information 

Reso- Conv. Temp. 
Part No. lution Time Package Range 

TSC8700CJ 8-Bit 1.25 mSec 
24-Pin 0°c to 

Plastic Dip +10°c 

TSC8700CL 8-Bit 1.25 mSec 
24-Pin -40°c to 

CerDIP +85°C 

TSC8701CL 10-Bit 5.0 mSec 
24-Pin -40°c to 

CerDIP +a5°c 

TSC8702CN 12-Bit 20 mSec 
24-Pin -40°c to 

Ceramic +85°c 

Devices with MIL-STD-883 Processing 

TSC8700CU883 8-Bit 1.25 mSec 
24-Pin -55°C to 

CerDIP +125"C 

TSC8701 CU883 10-Bit 5.0 mSec 
24-Pin -ss0 c to 

CerDIP +12s0 c 

TSC8702CN/883 12-Bit 20 mSec 
24-Pin -ss0 c to 

Ceramic +12s0 c 
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BINARY OUTPUT ADCs 

Pin Configuration 

B1T 11 (MSB FOR 8702) NC 

BIT 10 DATA VALID 

BIT 9 {MSB FOR 8701) BUSY 

BITS INITIATE CONVERSION 

BIT 7 {MSB FOR 87001 GND 

DIGITS 
BIT6 Voo 

OUT BIT 5 Vgs 

BIT 4 IBIAS 

BIT 3 ZERO ADJUST 

BIT 2 AMPLIFIER OUT 

BIT 1 ''" 
BIT 0 ILSB) IREF. 

Note: 
Do not make connections to pin 1, 2, 3 or 4 on 8700; pin 1 or 2 on 8701. 
These pins are internally connected. 

Handling Precautions 
The 8700 series are CMOS devices must be 

handled correctly to prevent damage. Package and 
store only in conductive foam, anti-static tubes or other 
conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under "power 
on" conditions, as high transients may cause permanent 
damage. 



PRODUCT INFORMATION TSC8700 
TSC8701 
TSC8702 

Electrical Characteristics: Unless otherwise specified, Voo = +5 v, Vss = -5 v, VGND = o, VREF = -6.4 v, Rs1As = 
100 kf1, test circuit shown. TA= 25° C unless Full Temperature Range is specified (-40° C to +85° C for N and L package, 0° to 
70° C for J package). 

PARAMETER CONDITIONS DEFINITION MIN TYP MAX UNITS 

Accuracy 
Resolution Binary Word Length 
Accuracy Of Digital Output 

TSC8700 8 Bits 
TSC8701 10 Bits 
TSC8702 12 Bits 

Output Deviation From Straight 
Relative Accuracy Line Between Normalized ±1/2 LSB 

Zero and Full-Scale Input 

Differential Deviation From 1 LSB ±1/4 ±1/2 LSB 
Non-Linearity Between Transition Points 

Differential Full Variation in Differential 
Non-Linearity Temperature Non-Linearity Due To ±2.5 ±5 ppm!° C 
Temperature Drift Range Temperature Change 

Gain Variation From Exact A (Campen- ±2 +5 % of • Variance sate By Trimming R1N or RAEF) -3 Nominal 

Gain Full Variation In A 
Temperature Temperature Due To ±25 ±75 ppm/°C 
Drift Range Temperature Change 

iiN = 0 Correction at Zero Adjust to Give 
Zero Offset C1NT = 68 pf Zero Output When Input Is Zero ±80 mV 

(TSC8700) RADJ = 1.6 k!l Integration Cap. = 68 pf 
See Test Circuit. RAoJ = 1.6 kll 

l1N = 0 Correction at Zero Adjust to Give 
Zero Offset C1NT = 33 pf Zero Output When Input Is Zero ±10 ±50 mV 

(TSC8700) RADJ = 1.0 k!l Integration Cap. = 33 pf 
See Test Circuit. RADJ = 1.0 k!l 

Zero Offset l1N = 0 Correction at Zero Adjust to Give 

(TSC8701) C1NT = 68 pf Zero Output When Input Is Zero ±10 ±50 mV 
(TSC8702) RADJ = 1 .0 k!l Integration Cap. = 68 pf 

See Test Circuit. RADJ = 1.0 k!l 

Zero Temperature Full Temperature Variation in Zero Offest Due to ±30 ±50 µV/°C 
Drift Range Temperature Change 

Analog Inputs 
Full-Scale Analog Input Current 

l1N Full-Scale 
To Achieve Specified Accuracy 

10 µA 

IREF Reference Current Input To -20 µA 
(Note 1) Achieve Specified Accuracy 

Digital Inputs 
Full Temperature Logical "1" Input Threshold V1N(1 ) 
Range For Initiate Conversion Input 

3.5 v 

V1Nm1 Full Temperature Logical "O" Input Threshold 1.5 v 
Range For Initiate Conversion Input 

8-121 



TSC8700 
TSC8701 
TSC8702 
Electrical Characteristics {Cont.) 
PARAMETER 

Digital Outputs 

Vour(1 ) 

Dynamic 
Conversion Time 

Conversion 
Rate in 
Free-Run Mode 

Minimum Pulse Width 
for Initiate Conversion 

Supply Current 
loo Quiescent 
(LIN Package) 
(J Package) 

lss Quiescent 
(LIN Package) 
(J Package) 

Supply Sensitivity 

NOTE: 

CONDITIONS 

Full Temp. Range 
lour= -1a µA 
lour = -360 µA 

Full Temp. Range 
Voo = 4.75 V 
lour= 36a µA 

Full Temp. Range 

VINT CONV = + 5 V 

Full Temp. Range 

Full Temp. Range 
VINT CONV = av 

Full Temp. Range 
VINIT CONV = av 

Voo ± 1V, Vss ±1.V 

IVool=IVssl=5V±1 

DEFINITION 

Logical "1" Output Voltage 
For Digits Out, Busy, and 
Data Val id Outputs 

Logical "a" Output Voltage 
For Digits Out, Busy, and 
Data Valid Outputs 

Time Required to Perform One 
Complete A/D Conversion 

TSC87aa 
TSC87a1 
TSC87a2 

TSC87aa 
TSC87a1 
TSC87a2 

Current Required From Positive 
Supply During Operation 

Current Required From Negative 
Supply During Operation 

Change in Full-Scale Gain vs 
Supply Voltage Change 

Change in Full-Scale Gain vs Supply 
Voltage Change for Tracking Supplies 

l1N and IREF pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 

BINARY OUTPUT ADCs 

MIN TYP MAX UNITS 

4.5 v 
2.4 v 

a.4 v 

1.25 1.8 ms 
5 6 ms 

2a 24 ms 

555 80a Conv'ns 
167 2ao per 
42 5a Second 

5aa ns 

1.4 2.5 mA 
1.4 5.a mA 

-1.4 -2.5 mA 
-1.4 -5.a mA 

±a.5 ±1.a %/V 

±o.a5 ±o.1 %/V 

Circuit Description 
During conversion the sum of a continuous current iiN and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. iiN is proportional to the analog 
input voltage; IREF is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra
tor near zero. Thus, the charge from the continuous l1N 
current is balanced against the pulses of IREF current. The 
total number of IREF pulses needed during the conversion 

period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of 
conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun
ter generates a pulse to start the end-of-conversion routine. 
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----------------------------------------

Timing Diagrams (Rise, fall times = 200 ns typ., CL= so pF) 

V1H 
INITIATE 

CONVERSION 

BUSY 300ns 
TYP 

VoH ---+------l 
DATA 

VALID 

Vol 

VoH ---+------l >-----r777''777''7T't---l 
DIGITS 

OUT 
vo,---+------11--..+'LLL-<l--'4-I--~ 

---CONVERSION TIME---

500ns 
-TYP 

The other counter is a data counter, which is reset synchron
ously with the clock counter and counts the number of times 
the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 µs (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 µs shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 µs. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy, Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid fallsattheend of a subsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 

Pin Functions 
Initiate Conversion Input 
Accepts CMOS and most 5 V logic inputs. Applying a logic 
"1" to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic "O'' for standby 
and taken to logic "1" when a conversion is desired. Forfree
running operation the Initiate Conversion pin is connected to 
Von or similar permanent logic "1" voltage. 

Busy Output 
A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 µA). A logic "1" 
output on the Busy pin indicates a conversion cycle is in 

FREE·AUN MODE 
,_______., >------------

RECYCLE 
TIME -
""2.5µs 

process. A logic "1" to logic "O'' transition indicates that con
version is complete and the result has been latched at the 
Digits Out pins. A logic "O" to logic "1" transition indicates a 
new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 µS, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 
A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 µA). A logic "1" output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic "O'' approximately 5 µs before the 
completion of a conversion cycle. During this 5 µs interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 
(Bit 0, Bit 1, etc.) 

The binary digit outputs which are the result of the A/D con
version. These outputs are CMOS logic and low power TTL 
compatible. 

Applications Information 
Input/Output Relationships 
The analog input voltage (V1N) is related to the output by the 
transfer equation: 

Digital Counts = ViN . A • RREF 
R1N • VREF 

A = 528 for 8700 
A = 2064 for 8701 
A = 8208 for 8702 

where Digital Counts is the value of the binary output word 
presented at Digits Out pins in response to V1N. 
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TSC8700 
TSC8701 
TSC8702 

The digital output code format is as follows: 

Analog 
Input 

V1N ~ Full-Scale 

= Full-Scale -1 LSB 
= 1 LSB 
~o 

MSB 

Digital 
Output 

LSB 

1 ... 111 ... 1 

1 ... 111 ... 1 
0 ... 000 ... 1 
0 ... 000 ... 0 

Two's complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 

External Component Selection 
Obtaining a high accuracy conversion system depends on 
the voltage regulation of VREF and the thermal stability of R1N 
and RREF. The exact dependence is given by the transfer 
function .. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Voo and Vss. The supply con
nections Voo and Vss should have bypass capacitors of value 
0.1 µFor larger right at the device pins. 

R1N, REF 
Values of these components are chosen to give a full-scale 
input current of approximately 10 µA and a reference current 
of approximately -20 µA. 

RIN = V1N Full-Scale 

10 µA 

Examples: 

R1N=~=1 Mn 
10 µA 

RREF = VREF 

-20 µA 

RREF = -S.4 V = 320 kn 
-20 µA 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac
tice, the value of R1N typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at V1N 
Full-Scale (see adjustment procedure). Metal film resistors 
with 1 % tolerance or better are recommended for high accu
racy applications because of their thermal stability and low 
noise generation. 

RBIAS 

Specifications for the TSC87XX are based on Rs1As = 100 kn 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Rs1As the A/D will convert much faster and the 
supply current will be higher. (For example: When R01As is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 

BINARY OUTPUT ADCs 

Rs1As is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rs1AS 
= 1 Mn the conversion time will be six times longer, and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN 9 typical performance curves. 

RD AMP 
Exact value not critical but should have a nominal value of 
100 n ±10%. Locate close to pin 14. 

CoAMP 
Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 

CiNT 
Exact value not critical but should have a nominal value of 
68 pF ±10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. For the TSC8700 C1NT = 33 pF is 
adequate with RAoJ = 1.0 kn. 

VREF 
A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 

Voo, Vss 
Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 µF decoupling capacitors. 

Adjustment Procedure 
The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set V1N to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000 ... 000 ... to 000 ... 001 transition. This will 
correctly locate the zero .end. 

• For full-scale adjustment, set V1N to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
a 111 ... 110 to 111 ... 111 transition .. 

If adjustments are performed in this order, there should.be no 
interaction and they should not have to be repeated. 
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Typical Circuits 

Reference Voltage Supply 

-V <>------~ 

7905 
REGULATOR 

n 1-----+---'\/"\/\,----t 13 8700 

0.01µF RREF SERIES 
250Kn AID 

-5 V Reference 

+5V ±5% 

TSC8700 
TSC8701 
TSC8702 

-2 V Reference for 8700 Using Voltages Derived From BOBOA µ p 

Power Reduction (Reduces Power Consumption to Approximately 500 µA). 

100Kn 1Mn 
8700 
SERIES 
AID 

~-----+---t18 

Switch Controlled - Relay 
Could be Substituted for Switch 

+5V 

17 

100KQ 
20Kn 8700 

1M!1 SERIES 
AID 

18 

50K!1 
REMOTE 

-12V -5V 

TTL System-Controlled - Trades Off Additional Power 
Consumption at System for Reduced Usage at Remote A/D 

Free-Running Conversion Rate Control 

1Mn 

MULTIVIBRATOR 
74C04 

Rx 

Cx 

10KQ 

-= 

22 8700 
SERIES 
AID 

23 

24 
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Multivibrator circuit at Pin 21 (Initiate Conversion) 
strobes converter at rates slower than the normal 
free-run mode. (T = RxCx) 
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TSC8700 
TSC8701 
TSC8702 
Bipolar Operation 

BINARY OUTPUT ADCs 

'; ... 
13 r - - - - - -._---------1\/''1\r---------I - - - - -, 

R1 R2 I 

+1 av Raf FSET 

Vo 2Ml1 
+5µA 

I 

r-c_ _____ , 
I 
I 
I 

15 I ---1-------, 
I I 

14 I • I 
VIN o-------'V\rv----5_T_o_+_5_µA_-_-_--~-----<~--! __ ._ _ -i"=-' ..._ I 

(±lOV) R1N 0 TO +10µA I >- -1>- -
(2Mn) 1~ ___ ...J+ ,,. 

i.-"' A DAMP 

TSC8700 SERIES 

Two's complement coding may be generated 

by inverting the MSB output. 

Offset Binary 

+5V 

-VREF o--------R'\R/\E/\Fr--------+---------1~ - - - __J - - - - - - -
I 

• - I 
I L-------

15 I ---!--------, 
I I 
'1 I 

% R1N I 
~-\/\/\r--.---'Vv\,.---+----._-.._--11~ - ._ - -i-' ..._ I 

RDAMP 

Mvsos4• I CoAMP 

~-= 
~----<> SIGN BIT 

LOGIC OUTPUT 
11 = +, O =-I 

*Optional visual indication of negative input 

Magnitude-and-Sign Binary 

8-126 

16 I >--~-------..,+,..... .... 

"""' TSC87XX 
A/D CONVERTER 



PRODUCT INFORMATION TSC8700 
TSC8701 
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12-Bit Serial or 3 x 4-Bit Parallel Output Format 

CLOCK _fLJ 

DATA 
VALID 

l.SULJU1S 
1--1 --/- 2 -1-3-1-. -1-s -I 1- 9 -l-10 -l-11 -l-12--I 

f--•1-J 
SHIFT/ 

LOAD 

SERIAL 
OUT ____ _, 

01 
------; 

03 ___ __, 

04 
------; 

I BIT o I BIT 1IBIT2 I BIT3 I BIT 41: '. I BIT s I BIT 9 IBIT 10IB1T 111 
I 12 CLOCK PULSES FOR 12 BIT SERIAL OUT-------i 

I BIT 31 BIT• I BIT s I BIT s I BIT 1 I : 1-: ~l_B_1T_1_1~I -------

1BIT2 I BIT 3 I BIT• I BIT s I BIT 61 : '.-~IB_1_T_1o~I ______ _ 

I BIT 1 I BIT 2 I BIT 3 I BIT· I BIT 51 : I-: ~l_B_IT_9~1 -------

1 BIT o I BIT 1 I BIT 2 I BIT 31BIT41; '. I BIT a I 
i----- 4 CLOCK 4 CLl-O-C-K~----1----,--~-------

PULSES PULSES 

System reads parallel outputs at clock pulse 1, 5, 9. 
Shift/load may be taken low when Data Valid goes high or at fixed time t1, after INIT CONV (h ~ 24 ms for TSC8702). Shift/load then must return high before 
clock pulse 2 and must remain high until all data is read out. Recommended clock frequency 2 kHz min for serial, 750 Hz min for parallel output. 

INIT 
CONV 

23 

21 

~'""" TSC8702 
AID 

12 (LSB) 

DATA VALID 

SHIFT/ 
LOAD 

D 74C195 
f-------1 

so 

SERIAL OUT 
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CLOCK 

o,) 
02 4-BIT 
O PARALLEL 

3 OUT 

04 
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TSC8700 
TSC8701 
TSC8702 
Digital Temperature Monitor 

R2 

LX5700A 

Rs 

-15V 

8-Bit Microprocessor Interface 

WAIT 
REQUEST 

DATA 
VALID 

..,~ 
TSC8700 

A/D 

Voo 

BINARY OUTPUT ADCs 

14 
TSC8700 SERIES 

AID 
CONVERTER 

LSB 1

1

. OUTPUTS 

MSB 

R1. Typically 10K min. This resistor should be 
chosen for the proper loading R L of the 

LX5700A. 

Rz. This resistor is adjusted to give a full scale 
reading of 1 O.OOV for the A/D. 

R3""' R4. Is set to give minimum offset. The value Js 
approximately equal to R2 II R1. 

R5. 1 M typical. This resistor is adjusted to give 
full scale gain for the A/D. 

BOBO SYSTEM 

DATA LINES (3) 

8-128 

R8 . 7.5KD. Rs= tv+ - s.a1 x 10-3n. 

VREF· The value of VREF is chosen to set the 
temperature range desired. 

1/0 PORT 
SELECT/DECODE 

LOGIC 

STB 

ACTIVE LOW 

DATA LINES (8) 
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TYPICAL PERFORMANCE CURVES 

w 
:!! owl-

NZ 
:::io <-
==~ a:::w 
O> zz 

0 
u 

w 
:!! cw 1-

NZ 
:::iO <
:!!!~ 
a:::w 
O> zz 

0 
u 

10 

.1 

CONVERSION TIME 

VS RBIAS 

FTA 25°C 
l=voo = 5V 
1--vss =-sv 

~ 

10K 100K 

Re1As(OHMS) 

v l 

CONVERSION TIME 
vs SUPPLY VOLTAGE 

.l J_ 

1M 

1.6 
1.5 
1.4 
1.3 
1.2 
1.1 
1.0 

:.I 
_lo TA = 25°C-

.9 

.8 

.7 

.6 

.5 

.4 

~ :::s 
~ 

D.... 

2345678 

Voo = V55(VOL TS) 

SUPPLY CURRENT 
vs RBIAS 

.1 .__ ................. I ........ __._ .................... 
10K 100K 1M 

Re1As(OHMS) 

8-129 

w 
:!! owl-

NZ 
:::io <-
:!!!~ 
a:::w 
O> zz 

0 
u 

< 
E 
'iii 
~ 
c 
E 

CONVERSION TIME 
vs TEMPERATURE 

Vss =-sv 
1.2 i---t--+-+---t---+-+----t 

1.11---t--+-+-·-+--+~+'-~ 

~ 
~ .9 1---+--+-+---t--+-+----t 

.8 t---t---+--+---t---+-+--t 

.7t---+--+-t---+--+-+---I 

-55 -25 0 25 50 75 100 125 

TEMPERATURE ('C) 

SUPPLY CURRENT 
vs SUPPLY VOLTAGE 

7 t--+--I+--~I-+---+---+---t 
t-- TA = 25°C -+---+--+---< 

6t---+--+-t---+--+-+---t 

5>---+--+-t---+--t--.L-T---t 

4t---+--+-t---+---i..L---+---I 

3t---+--+-t---Y--;z-+-+---I 

ut 21---+--+~~-+--+-+---I 

-yL-
o ............ _..~.._....___..~..__. 
2345678 

Voo = V55( VOL TS) 

SUPPLY CURRENT 
vs TEMPERATURE 

2.2 i---t--+-+---t--+-+--1 

2 ....... 

Voo = 5V 
vss = -sv 

'N N 
1.8 r--+-+-~........,~N-+N--+r--i--1 

1.6 t---+--+-t---+--t--+---t 

1.4 t---+--+-t---+--t--+---t 

TEMPERATUREl'Cl 
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TSC8700 
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TYPICAL PERFORMANCE CURVES 

Cil .... 
...J 
0 
? 
J: 
0 
> 

en .... 
...J 
0 
? 
...J 
0 
> 

m 
"' ::::!. 
cc 
0 
cc 
cc 
w 
>-
1--
ii: 
< w 
z 
:::; 

5 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

1.25 

1.0 

.75 

.5 

.25 

0 

3 

2 

OUTPUT SOURCE CURRENT 
vs TEMPERATURE 

.1 

.1 

10 

IQH(mA) 

OUTPUT SINK CURRENT 
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~~TELEDYNE 
SEMICONDUCTOR TSC8703 

TSC8704 
TSC8705 

The Analog Signal Processing Company'" 
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BINARY OUTPUT ADCs 

Test Circuit 

INITIATE 
CONVERSION 

--l1N"' 10µA F.S. 

ZERO 

1.6KH 

RADJ 

ADJUST (NOTE 2) 

Note: 

~20µA t 
GAIN• 
ADJUST 

SOKH 

0.1µF 

-::0 19 

Voo 

Vss 
13 

RREF 
301Kn 
{Note 1) 

16 

+5V 

TSC8703 
TSC8704 
TSC8705 

-----~ 
-5V 

GND 

20 

1. Any VAEF greater than -1 V can be used. 

RAEF= VAEF 
-20 µA 

For example with VAEF = -5 V, RAEF = 250 k. 

INTERNAL 
CLOCK 

CONTROL 
LOGIC 

2. 

FEATURES 
• High Accuracy - Up to 12 Bit Resolution With 

<±1/2 LSB Error 
• Monotonic Perfonnance - No Missing Codes 
• Monolithic CMOS Construction Gives Low Power 

Dissipation - 20 mW Typical 
• Contains All Required Active Elements - Needs 

only Passive Support Components, Reference 
Voltage and Dual Power Supply 

• High Stability Over Full Temperature Range 
- Gain Temperature Coefficient Typically 

<25 ppm/°C 
- Zero Drift Typically <30 µV/°C 
- Differential Non-Linearity Drift Typically 

<25 ppm/°C 
• Latched Parallel Binary Outputs 
• LPTTL, 74LS, CMOS Compatible Outputs and Con

trol Inputs 
• Strobed or Free Running Conversion 
• Infinite Input Range - Any Positive Voltage Can Be 

Applied Via a Scaling Resistor 

DATA 
COUNTERS 

BINARY OUTPUTS 

OUTPUT J ] LATCHES ~ 10·BIT 12·BIT 

8-BIT 

10 
11 

12 BIT 0 

8703 8704 8705 

24 ENABLE 

22 BUSY 
23 DATA VALID 

Part No. RADJ C1NT Zero Offset Spec 

TSC8703 1.6 kfl 68 pF ±80 mV 

TSC8703 1.0 kfl 33 pF ±50 mv 

TSC8704/8705 1.0 kfl 68 pF ±50 mV 
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TSC8703 
TSC8704 
TSC8705 
GENERAL DESCRIPTION 

The TSC8703/8704/8705 are 8/10/12 bit mono
lithic CMOS analog-to-digital converters. FUiiy self
contained in a single 24-pin dual in-line package, each 
converter requires only passive support components, 
reference and power supplies: 

Conversion is· performed by an incremental 
charge balancing technique which has inherently high 
accuracy, linearity and noise immunity. An amplifier 
integrates the sum of the unknown analog current and 
pulses of a reference current, and the number of pulses 
(charge increments) needed to maintain the amplifier 
summing junction near zero is counted. At the end of 
conversion the total count is latched into the digital 
outputs as an 8/10/12 bit binary word. The Output 
Enable control switches the outputs to a high impe
dance or off state when held high. The off state allows 
bus organized output connections. 

Pin Configuration 

BIT 11 (MSB FOR 8705) OutPot ENABLE 

BIT 10 DATA VALID 

BIT 9 (MSB FOR 8704) BUSY 

BITS INITIATE CONVERSION 

BIT 7 (MSB FOR 8703) GNO 

DIGITS BIT 6 Voo 
OUT 

BIT5 Vss 

BIT 4 le1AS 

BIT3 ZERO ADJUST 

BIT2 AMPLIFIER OUT 

BIT 1 loN 

BIT 0 (LSBI IREF 

Note: 
Do not make connections to pin 1, 2, 3 or 4 on 8703; pin 1 or 2 on 
8704. These pins are internally connected. 
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BINARY OUTPUT ADCs 

Ordering Information 

Reso- Conv. Temp. 
Part No. lutlon Time Package Range 

TSC8703CJ 8-Bit 1.25 mSec 
24-Pin o•c to 

Plastic Dip +10°c 

TSC8703CL · 8-Bit 1.25 mSec 
24-Pin -40°C to 

CerDIP +85°C 

TSC8703BL 8-Bit · 1.25 mSec 
24-Pin -55°C to 

CerDIP +125°c 

TSC8704CJ 10-Bit 5.0 mSec 
24-Pin o•c to 

Plastic Dip +10°c 

TSC8704CL 10-Bit 5.0 mSec 
24-Pin -40°c to 

CerDIP +85°C 

TSC8704BL 10-Bit 5.0 mSec 
24-Pin -55°c to 

CerDIP +125°C 

TSC8705CJ 12-Bit 20 mSec 
24-Pin o•c to 

Plastic Dip +10°c 

TSC8705CN 12-Bit 20 mSec 
24-Pin -40°c to 

Ceramic +85°C 

TSC8705BN 12-Bit 20 mSec 
24-Pin -55°C to 

Ceramic +125°C 

Devices with MIL-STD-883 Processing 

TSC8703BU883 8-Bit · 1.25 mSec 
24-Pin -55°C to 

CerDIP +125°C 

TSC8704BU883 10-Bit 5.0 mSec 
24-Pin -55°C to 

CerDIP +125°C 

TSC8705BN/883 12-Bit 20 mSec 
24-Pin -55°C to 

Ceramic +125°c 

Handling Precautions 
The 8700 series are CMOS devices must be 

handled correctly to prevent damage. Package and 
store only in.conductive foam, anti-static tubes or other 
conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under "power 
on" conditions, as high transients may cause permanent 
damage. 



PRODUCT INFORMATION TSC8703 
TSC8704 
TSC8705 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Absolute Maximum Ratings 
Storage Temperature ••..•••••....•..• -65°C to+ 150°C 
Operating Temperature 

hN •.•••.••.••.•.••.....••...•....••••.•.••.••. ±10 mA. 
IREF ••.••...••.••.•.••••.•.•••.••.••••.•••..•• ±10 mA 

(BL, BN) . . • . • . • • • . • • • • • . • . . • • • • . • -55° C to +125° C 
(CL) Package ..•...............•.. -40° C to + 85° C 
(CJ) Package ....•.................... 0° to + 70° C 

Digital Input Voltage . • • • • • • • . • . . • . . . -0.3 to Voo +0.3 V 
Operating Voo and Vss Range •...•••.•..••• 3.5 V to 7 V 
Package Dissipation • • . . . • • • . . . . . . . . . . . . • • • • . . . 500 mW 
Lead Temperature .•......•.....•.•••.....•..•..• 300°C 

Voo -Vss ....•.....•.•••.....•.•.....•....•....•.• 18 v (Soldering, 10 seconds) 

Electrical Characteristics: Unless otherwise specified, Voo = +5 v, Vss = -5 v, VGNo = o, VREF = -6.4 v, RetAs = 
100 k!l, test circuit shown. TA= 25° C unless Full Temperature Range is specified (-55° C to +125°C for BN and BL package, 
-40°c to +85°C tor CL package, 0° to 10°c tor CJ package). 

CJ/CN BN/BL 
PARAMETER CONDITIONS DEFINITION MIN TYP MAX MAX UNITS 

Accuracy 
Resolution Binary Word Length 
Accuracy Of Digital Output 

TSC8703 8 Bits 
TSC8704 10 Bits 
TSC8705 12 Bits 

Output Deviation From Straight 
Relative Accuracy Line Between Normalized ±1/4 ±1/2 ±1/2 LSB 

Zero and Full-Scale Input 
TSC8705CJ (Only) 1.0 ±1.5 LSB 

Differential Deviation From 1 LSB ±1/4 ±112 ±1/2 LSB 
Non-Linearity Between Transition Points 

Differential Full Variation in Differential 
Non-Linearity Temperature Non-Linearity Due To ±2.5 ±5 ±5 ppm/°C 
Temperature Drift Range Temperature Change 

Gain ~riation From Exact A (Compen- ±2 ±5 ±5 %of 
Variance sate By Trimming RtN or RAEF) Nominal 

Gain Full Variation In A 
Temperature Temperature Due To ±25 ±75 ±80 ppm/°C 
Drift Range Temperature Change 

itN = 0 Correction at Zero Adjust to Give 
Zero Offset CtNT = 68 pF Zero Output When Input Is Zero ±80 ±80 mV 

(TSC8703) RADJ = 1 .6 k!l Integration Cap. = 68 pF 
See Test Circuit. RADJ = 1.6 k!l 

ltN =0 Correction at Zero Adjust to Give 
Zero Offset CtNT = 33 pF Zero Output When Input Is Zero ±10 ±50 ±50 mV 

(TSC8703) RADJ = 1.0 k!l Integration Cap. = 33 pF 
See Test Circuit. RADJ = 1.0 k!l 

Zero Offset ltN =0 Correction at Zero Adjust to Give 

(TSC8704) CtNT = 68 pF Zero Output When Input Is Zero ±10 ±50 ±50 mV 
(TSC8705) RADJ = 1.0 k!l Integration Cap. = 68 pF 

See Test Circuit. RADJ = 1.0 k!l 

Zero Temperature Full Temperature Variation in Zero Oftest Due to ±3 ±5 ±8 ppm/°C 
Drift Range Temperature Change 
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TSC8703 BINARY OUTPUT ADCs 

TSC8704 
TSC8705 
Electrical Characteristics (Cont.) 

CJ/CN BN/B 
PARAMETER CONDITIONS DEFINITION MIN TYP MAX MAX UNITS 

Analog Inputs 
Full-Scale Analog Input Current llN Ful I-Scale 
To Achieve Specified Accuracy 

10 µA 

IREF Reference Current Input To -2a µA 
(Note 1) Achieve Specified Accuracy 

Digital Inputs 
Full Temperature Logical "1" Input Threshold V1r.J 11 ) 
Range For Initiate Conversion Input 3.5 v 

V1Nml Full Temperature Logical "O" Input Threshold 1.5 1.5 v 
Range For Initiate Conversion Input 

Propagation Delay 
Output Enable CL = 1 aa p F, RL = 1 Kfl TPLH, TPHL 5aa 1,aaa ns 

Dlgital Outputs 
OE= 3.5 V, 

lo(OFF) a.4 V < Ve <2.4 Off-state Output Current a.1 ±1a ±1a µA 

VouT11 ) 

Full Temp. Range Logical "1" Output Voltage 4.5 v 
lour= -10 µA For Digits Out, Busy, and 2.4 v 
lour = -5aa µA Data Valid Outputs 

Vour'0 ' 

Full Temp. Range Logical "a" Output Voltage 
Voo = 4.75 V For Digits Out, Busy, and a.4 a.4 v 
lour= 5aa µA Data Valid Outputs 

Dynamic 
Time Required to Perform One Conversion Time Full Temp. Range Complete AID Conversion 

TSC87a3 1.25 1.8 1.8 ms 
TSC87a4 5 6 6 ms 
TSC87a5 2a 24 24 ms 

Conversion TSC87a3 555 8aa Conv'ns 
Rate in VINT CONV = + 5 V TSC87a4 167 2aa per 
Free-Run Mode TSC87a5 42 5a Second 

Minimum Pulse Width 
Full Temp. Range 5aa ns 

for Initiate Conversion 

Supply Current 
loo Quiescent Full Temp. Range Current Required From Positive 1.4 2.5 3.5 mA 
(L/N Package) 
(J Package) VINT CONV = av Supply During Operation 1.4 5.a mA 

lss Quiescent 
Full Temp. Range Current Required From Negative -1.6 -2.5 -3.5 mA 

(L/N Package) 
VINIT CONV = av Supply During Operation -1.6 -5.a mA 

(J Package) 

Supply Sensitivity Voo ± 1 V, Vss ±1 V 
Change in Full-Scale Gain vs ±a.5 ±1.a ±1.0 %/V 
Supply Voltage Change 

1Voo1=1Vssl=5V±1 v 
Change in Full-Scale Gain vs Supply ±a.a5 ±a.1 ±a.1 %/V 
Voltage Change for Tracking Supplies 

NOTE: 
l1N and IAEF pins connect to the summing junction of an operational amplifier 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 
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TSC8704 
TSC8705 

-----------------------------------------~ 

Circuit Description 
During conversion the sum of a continuous current liN and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. liN is proportional to the analog 
input voltage; IREF is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra
tor near zero. Thus, the charge from the continuous liN 
current is balanced against the pulses of IREF current. The 
total number of IREF pulses needed during the conversion 
period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of the 
conversion. 

The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun
ter generates a pulse to start the end-of-conversion routine. 
The other counter is a data counter, which is reset synchron
ously with the clock counter and counts the number of times 

the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 µs (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 µs shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 µs. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy, Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid fal Is at the end of a subsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 

Timing Diagrams (Rise, fall times= 200 ns typ., CL= 50 pF) 

INITIATE VIH 
CONVERSION 

BUSY 

Vol 

300ns 
TYP 

VoH--+-------; 
DATA 

VALID 

Vol 

VoH --+-------< o--===nrt----; 
DIGITS 

OUT 
Vol --+-------; o--+"'-"LL'-li.<'4--1----; 

---CONVERSION TIME---
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TSC8703 
TSC8704 
TSC8705 
Pin Functions 
Initiate Conversion Input 
Accepts CMOS and most 5 V logic inputs. Applying a logic 
"1" to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic "O" for standby 
and taken to logic "1" when a conversion is desired. For free
running operation the Initiate Conversion pin is connected to 
Voo or similar permanent logic "1" voltage. 

Busy Output 
A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 µA). A logic "1" 
output on the Busy pin indicates a conversion cycle is in 
process. A logic "1" to logic "O" transition indicates that con
version is complete and the result has been latched at the 
Digits Out pins. A logic "O" to logic "1" transition indicates a 
new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 µs, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 
A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 µA). A logic "1" output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic "O" approximately 5 µs before the 
completion of a conversion cycle. During this 5 µs interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 

Digits Out 
(Bit 0, Bit 1, etc.) 

The binary digit outputs which are the result of the A/D con
version. These outputs are CMOS logic and low power TTL 
compatible. 

Applications Information 
Input/Output Relationships 
The analog input voltage (V1N) is related to the output by the 
transfer equation: 

Digital Counts = VIN • A • RREF 
R1N • VREF 

A = 528 for 8703 
A = 2064 for 8704 
A = 8208 for 8705 

where Digital Counts is the value of the binary output word 
presented at Digits Out pins in response to V1N. 

The digital output code format is as follows: 

BINARY OUTPUT ADCs 

Analog 
Input 

V1N :S Full-Scale 

= Full-Scale -1 LSB 
= 1 LSB 
:S 0 

Digital 
Output 

MSB LSB 

1 ... 111 ... 1 

1 ... 111 ... 1 
0 ... 000 ... 1 
0 ... 000 ... 0 

Two's complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 

External Component Selection 
Obtaining a high accuracy conversion system depends on 
the voltage regulation of VREF and the thermal stability of R1N 
and RREF. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Voo and Vss. The supply con
nections Voo and Vss should have bypass capacitors of value 
0.1 µFor larger right at the device pins. 

R1N, REF 
Values of these components are chosen to give a full-scale 
input current of approximately 10 µA and a reference current 
of approximately -20 µ.A. 

RIN = V1N Full-Scale 

10 µ.A 

Examples: 

R1N=~=1 Mn 
10 µA 

RREF = VREF 

-20 µ.A 

RREF = -B.4 V = 320 kn 
-20 µ.A 

Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac
tice, the value of R1N typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at V1N 
full-scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or betterare recommended for high accu
racy applications because of their thermal stability and low 
noise generation. 

RBIAS 

Specifications for the 87XX are based on Rs1As = 100 kn 
±10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Rs1As the A/D will convert much faster and the 
supply current will be higher. (For example: When Rs1AS is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Rs!AS is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Rs1As 
= 1 mn the conversion time will be six times longer, and 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN9 typical performance curves. 
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PRODUCT INFORMATION 

Applications Information (Cont.} 
RDAMP 

Exact value not critical but should have a nominal value of 
100 fl ±10%. Locate close to pin 14. 

CoAMP 
Exact value not critical but should have a nominal value of 
270 pF ±20%. Locate close to pin 14. 

C1NT 

Exact value not critical but should have a nominal value of 
68 pF ± 10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. For the TSCB703 C1NT = 33 pF is ade
quate with RAoJ = 1 k!l. 

VREF 

A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 

TSC8705 Interface to MC6821 PIA 

CS2 
A15 CA1 

csi 
MC6821 

A6 CA2 

'0 ( A4 cso 
MC6809 
µ-PROCESSOR 

AO 
RS1 PORT A 

A1 
RSO 

TO 6809 µP IROA PORTS 
INTERRUPT 

Voo, Vss 
Power supplies of ±5 V are recommended, with 0.05% line 
and load regulation and 0.1 µF decoupling capacitors. 

Adjustment Procedure 
The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 

• Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 

• Set V1N to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000 ... 000 ... to 000 ... 001 transition. This will 
correctly locate the zero end. 

• For full-scale adjustment, set V1N to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
a 111 ... 110 to 111 ... 111 transition. 

If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 

v+ .. +sv 

_J 
DATA VALID 

__/"l_ 21 START 
CONVERSION 

ANALOG 
INPUT 

BIT 1-8 81-88 .., .... 
TSC8705 

BIT 9-12 89-812 
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TSC8703 
TSC8704 
TSC8705 

BINARY OUTPUT ADCs 

Application/Design Circuits 
Bipolar Operation (+ and -Inputs) 

+5V 

-VREF<>--------'IR.J\RE.J\F-------+--------11.! -- - -r- ---~ --
• - I 
I '--------

15 I ---1-------, 
I I 
I I 

R ~RIN I I 
r--'VV'v--...--~l'lr---+-----+--..._--11! - .. - ,..._.._, 1 

16 I >- _._ __ 
30llll RoAMP 

-----,+..,...-' .. 

2.4K 

MV5054* I coAMP 

~~ 
'---+--o SIGN BIT 

LOGIC OUTPUT 
(1 =+,O=-) 

•optional visual indication of negative input 

NOTE: Values for R should be between 10K.n and 100KO 

Absolute Value Circuit With Sign 

8-Bit Microprocessor Interface 

1----1 

"'" ~ 
TSC8703 
8BIT A/D 

INITIATE DATA 
ENABLE CONVERSION VALID BUSY 

I T T T DATAl/OBUS 

BBIT 
MICROPROCESSOR 
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PRODUCT INFORMATION TSC8703 
TSC8704 

___________ T--=S--=C8705 
TYPICAL PERFORMANCE CURVES 
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TSC8703 
TSC8704 
TSC8705 
TYPICAL PERFORMANCE CURVES 
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PRODUCT INFORMATION TSC8703 
TSC8704 
TSC8705 

----~~~~~~~~~~~~~~~~~~~~~~~~~~-~-~-

ApplicaUon/Design Circuits (Cont.) 
Reference Voltage Supply 

+12V 

+5V ±5% 

i0.1µF 

2 V Reference Voltage Using Voltages Derived from 8080A µP. 

Package Information 

24-Pln Plastic Dip (J Package) 
(Package #12) 
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..._..-TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

VOLTAGE TO FREQUENCY/ 

TSC9400 
TSC9401 
TSC9402 

FREQUENCY TO VOLTAGE CONVERTERS 

FEATURES 
VOLTAGE-TO-FREQUENCY 
• 1 Hz to 100 kHz Operation 
• Choice Guaranteed Linearity: 

- TSC9401 0.01% 
- TSC9400 0.05% 
- TSC9402 0.25% 

• ±25 ppm/°C Typical Gain Temperature Stability 
• Open Collector Output 
• Output Can Interface with Any Form of Logic 
• Pulse and Square Wave Outputs 
• Programmable Scale Factor .. 
• Low Power Dissipation (27 mW Typ.) g 
• Single Supply Operation (8 V to 15 V) 
• Dual Supply Operation (±4 V to ±7.5V) 
• Current or Voltage Input 

FREQUENCY-TO-VOLTAGE 

• DC to 100 kHz Operation 
• Choice of Guaranteed Linearity: 

- TSC9401 0.02% 
- TSC9400 0.05% 
- TSC9402 0.25% 

• Op Amp Output 
• Programmable Scale Factor 
• High Input Impedance (>10 MO) 
• Accepts Any Voltage Wave Shape 
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TSC9400 
TSC9401 
TSC9402 

VOLTAGE TO FREQUENCY/ 
FREQUENCY TO VOLTAGE CONVERTERS 

GENERAL DESCRIPTION 
The TSC9400/9401/9402 are low cost Voltage

to-Frequency converters combining Bipolar and CMOS 
technology on the same substrate. The converters 
accept a variable analog input signal and generate an 
output pulse train whose frequency is linearly propor
tional to the input voltage. 

The devices can also be used as highly accurate 
Frequency-to-Voltage converters, accepting virtually 
any input frequency waveform and providing a linearly 
proportional voltage output. 

A complete V/F or F/V system requires the 
addition of two capacitors, three resistors and reference 
voltage. 

Applications 
Voltage-to-Frequency 
• Temperature Sensing and Control 
• µP Data Acquisition 
• Instrumentation 
• 13-Bit A/D Converters 
• Digital Panel Meters 
• Analog Data Transmission and Recording 
• Phase Locked Loops 
• Medical Isolation 
• Transducer Encoding 
• Alternate to 555 Astable Timer 

Frequency-to-Voltage 
• Frequency Meters/Tachometer 
• Speedometers 
• Analog Data Transmission and Recording 
• Medical Isolation 
• Motor Control 
• RPM Indicator 
• FM Demodulation 
• Frequency Multiplier/Divider 
• Flow Measurement and Control 
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Ordering Information 

Linearity Temperature 
Part No. (V/F) Package Range 

TSC9400CJ 0.05% 14-Pin Plastic Dip 0°C to +70°C 

TSC9400CL 0.05% 14-Pin CerDI P -40°C to +85°C 

TSC9400COD 0.05% 14-Pin SO 0°C to +70°C 

TSC9401CJ 0.01% 14-Pin Plastic Dip 0°C to +70°C 

TSC9401CL 0.01% 14-Pin CerDIP -40°C to +85°C 

TSC9402CJ 0.25% 14-Pin Plastic Dip 0°C to +70°C 

TSC9402CL 0.25% 14-Pin CerDIP -40°C to +85°C 

Pin Configuration {SO and DIP} 

14-Pln SO 

HANDLING PRECAUTIONS: The TSC9400 Series are 
CMOS Bipolar devices and must be handled correctly 
to prevent damage. Package and store only in conduc
tive foam, anti-static tubes or other conductive material. 
Use proper anti-static handling procedures. Do not 
connect in circuits under "power on" conditions, as 
high transients may cause permanent damage. 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Storage Temperature . . . . . . . . . . . . . . . . . -65° C to +150° C 
Operating Temperature 

J Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0° C to 70° C 
L Package ......................... -40° C to +85° C 

Voo -Vss ......................................... 18 V 

TSC9400 
TSC9401 
TSC9402 

l1N .............................................. 10 mA 
Vour Max -Vour Common ......................... 25 V 
VREF -Vss ...................................... -1.5 v 
Package Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
Lead Temperature (Soldering, 10 sec) . . . . . . . . . . . 300° C 

Electrical Characteristics, V/F Mode: Unless otherwise specified, Voo = +5 v, Vss =-5 v, VGND = o, VREF=-5 v, 
Rs1As = 100 k!l, Full-Scale= 10 kHz. TA= 25°C unless Full Temperature Range is specified -40°C to +85°C for L package, 
0° C to 70° C for J package. 

VOLTAGE-TO-FREQUENCY TSC9401 TSC9400 TSC9402 
PARAMETER DEFINITION MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Accuracy 
Linearity 10 kHz Output Deviation From Straight - 0.004 0.01 0.01 0.05 0.05 0.25 % Full-

Line Between Normalized Zero Scale 

Linearity 100 kHz and Full-Scale Input - 0.04 0.08 0.1 0.25 0.25 0.50 % Full-
Scale 

Gain Temperature Variation in Gain A due to 
ppm/°C 

Drift (Note 1) Temperature Change ±25 ±40 ±25 ±40 ±50 ±100 Full-
Scale 

Variation from Exact A 
% of Gain Variance Compensate by Trimming ±10 ±10 ±10 Nominal 

R1N, VREF, or CREF 

Zero Offset Correction at Zero Adjust for Zero 
±10 ±50 ±10 ±50 ±20 ±100 mV (Note 2) Output When Input is Zero 

Zero Temperature Variation in Zero Offset Due 
±25 ±50 ±25 ±50 ±50 ±100 µVl'C Drift (Note 1) to Temperature Change 

Analog Inputs 
Fu/I-Scale Analog Input Current l1N Full-Scale 
to Achieve Specified Accuracy 10 10 10 µA 

l1N Overrange Overrange Current 50 50 50 µA 

Response Time Settling Time to 0.01% Full-Scale 2 2 2 Cycles 

Digital Outputs 
VsAT@ loL = 10 µA Logical "O" Output Voltage 0.4 0.4 0.4 v 
(Note 3) 

Vour Max - Voltage Range Between 
18.0 18.0 18.0 v 

Vour Common (Note 4) Output and Common 

Pulse Frequency 
3.0 3.0 3.0 µsec Output Width 

Supply Current 
loo Quiescent Current Required From Positive 

(L Package) (Note 9) Supply During Operation 2.0 4.0 2.0 4.0 mA 
(J Package) 2.0 6.0 2.0 6.0 3.0 10.0 mA 

lss Quiescent Current Required From Negative 
(L Package) (Note 10) Supply During Operation -1.5 -4.0 -1.5 -4.0 mA 
(J Package) -1.5 -6.0 -1.5 -6.0 -3.0 -10.0 mA 

Voo Supply Operating Range of 
Positive Supply 4.0 7.5 4.0 7.5 4.0 7.5 v 

Vss Supply Operating Range of 
Negative Supply -4.0 -7.5 -4.0 -7.5 -4.0 -7.5 v 

Reference Voltage 
VREF -Vss Range of Voltage Reference Input -1.0 -1.0 -1.0 v 
Notes: 

1. Full temperature range 8 RL? 2 k!!. 
2. l1N = 0. 9. Full temperature range. V1N = ~0.1 V. 
3. Full temperature range. lour= 10 mA. 10. V1N -0.1 V. 
4. lour = 10 µA 11 l1N connects the summing junction of an operational amplifier. Voltage 
5. 10 Hz to 100 kHz. sources cannot be attached directly but must be buffered by external 
6. 5 µs min. positive pulse width and 0.5 µs min. negative pulse width. resistors. 
7. Tr=tt=20ns. 
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TSC9400 
TSC9401 
TSC9402 

VOLTAGE TO FREQUENCY/ 
FREQUENCY TO VOLTAGE CONVERTERS 

V /F Circuit Description 

+6V 

r ----------~-1----------, Voo 
• GND I 

- 1. 

! INPUT I ~~ 

ICOMP 
11 IN 

-2.5V 

VIN <>-'V\/lr-6--6---''l--"''--+--4--+--l 

0-10V so:r._-'lsA101V•-.....=+'"-'-'=---~ 

, 
I 
I 
I 

I 
I 
I 
I 

10 /2 J,o 

OUTPUT I 
COMMON I 

I 
I 
I 
I 
I 

..,~ I 
I 

TSC94XX I 
I l-sv L _____ ,s1As __ _ v~- - - - ______ J 

OFFSET 10K 1 4 
ADJUST 

-SV 

figure 1: 10 Hz to 10 kHz V/F Converter 

3~s TYP 

10/21,..----1/f----·_,I 

AMP 
OUT 

Notes: 
1. To adjust fmin, set V1N = 10 mV and adjust the 50 k offset for 10 Hz out. 
2. To adjust fmax. set V1N = 10 V and adjust R1N or VAEF for 10 kHz out. 
3. To increase four MAX to 100 kHz change CREF to 27 pF and C1NT to 75 pF. 
4. For high performance applications use high stability components for R1N. 

CAEF, VREF (metal film resistors and glass film capacitors). Also separate 
the output ground (Pin 9) from the input ground (Pin 6). 

Figure 2: Output Waveforms 
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PRODUCT INFORMATION TSC9400 
TSC9401 
TSC9402 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

V/F Circuit Description (Cont.) 
The TSC9400 V/F Converter operates on the principal of 
charge balancing. The input voltage (V1N) is converted to a 
current (l1N) by the input resistor. This current is then conver
ted to a charge by the integrating capacitor and shows up as 
linearly decreasing voltage at the output of the op amp. The 
zero crossing of the output is sensed by the comparator 
causing the reference voltage to be applied to the reference 
capacitor for a time period long enough to virtually charge 
the capacitor to the reference voltage. This action reduces 
the charge on the integrating capacitor by a fixed amount 
(q = CREF x VREF) causing the op amp output to step up a 
finite amount. 

At the end of the charging period, CREF is shorted out dissi
pating the stored reference charge so that when the output 
again crosses zero, the system is ready to recycle. In this 
manner, the continued discharging of the integrating capaci
tor by the input is balanced out by fixed charges from the 
reference voltage. As the input voltage is increased, the 
number of reference pulses required to maintain balance 
increases causing the output frequency to also increase. 
Since each charge increment is fixed the increase in fre
quency with voltage is near. In addition, the accuracy of the 
output pulses does not directly effect the linearity of the V/F. 
It must simply be long enough for full charge transfer to take 
place. 

The TSC9400 contains a "self-start" circuit to assure that the 
V/F will always operate properly when power is first applied. 
In the event that during "Power-on" the op amp output is 
below the comparator threshold and CREF is already charged, 
a positive voltage step will not occur. The op amp output will 
continue to decrease until it crosses the -2.5 volt threshold of 
the "self-start" comparator. When this happens a resistor is 
connected to the op amp input causing the output to quickly 
go positive until the TSC9400 is once again in its normal opera
ting mode. 

The TSC9400 utilizes both bipolar and MOS transistors on the 
same substrate, taking advantage of the best features of each. 
MOS transistors are used at the inputs to reduce offset and 
bias currents. Bipolar transistors are used in the op amp, for 
high gain, and on all outputs for excellent current driving 
capabilities, CMOS logic is used throughout to minimize 
power consumption. 

Pin Functions 
Comparator Input 
In the V/F mode, this input is connected to the amplifier out
put (Pin 12) and triggers the 3 µsec pulse delay when the 
input voltage passes its threshold. In the F/V mode, the input 
frequency is applied to the comparator input. 

Pulse Freq Out 
This output is an open-collector bipolar transistor providing 
a pulse wafeform whose frequency is proportional to the 
input voltage. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS and TTL logic. 
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Freq/2 Out 
This output is an open-collector bipolar transistor providing 
a square wave that is one-half the frequency of the pulse 
frequency output. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS, and TTL logic. 

Output Common 
The emitters of both the freq/2 out and the puls freq out are 
connected to this pin. An output level swing from the collec
tor voltage to ground or to the Vss supply may be obtained by 
connecting to the appropriate point. 

RBIAS 

Specifications for the TSC9400 are based on Rs1As = 100 k 
± 10% unless otherwise noted. Rs1As may be varied between 
the range of 82 k S RBIAS s 120 k. 

Amplifier Out 
The output stage of the operational amplifier. A negative 
going ramp signal is available at this pin in the V/F mode. In 
the F/V mode a voltage proportional to the frequency input is 
generated. 

Zero Adjust 
The non-inverting input of the operational amplifier. The low 
frequency set point is determined by adjusting the voltage at 
this pin. 

l1N 
The inverting input of the operational amplifier and the 
summing junction when connected in the V/F mode. An input 
current of 10 µA is specified for nominal full-scale but an 
overrange current up to 50 µA can be used without detrimen
tal effect to the circuit operation. 

VREF 

A reference voltage from either a precision source or the Vss 
supply may be applied to this pin. Accuracy will be depen
dent on the voltage regulation and temperature characteristics 
of the circuitry. 

VREF OUT 
The charging current for CREF is derived from the internal 
circuitry and switched by the break-before-make switch to 
this pin. 

V/F Design Information 
Input/Output Relationships 
The output frequency is related to the analog input voltage 
(V1N) by the transfer equation: 

Frequency Out = VIN x = lo 
R1N (VREF) (CREF) 

II 



TSC9400 
TSC9401 
TSC9402 

VOLTAGE TO FREQUENCY/ 
FREQUENCY TO VOLTAGE CONVERTERS 

V/F Design Information (Cont.) 
External Component Selection 
R1N 

The value of this component is chosen to give a full-scale input 
current of approximately 10 µA. 

R1N = V1N Full-Scale 

10 µA 

Example: 

R1N = 10 V = 1 Mn 
10 µA 

Note that the value is an approximation, and the exact relation
ship is defined by the transfer equation. In practice, the value 
of R1N typically would be trimmed to obtain full-scale fre
quency at V1N Full-Scale {see adjustment procedure). Metal 
film resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 

C1NT 

Exact value not critical but is related to CREF by the relation
ship: 

3CREF o; C1NT o; 1 OCREF 

Improved stability and linearity is obtained when C1NT o; 
4CREF- Low leakage types are recommended although mica 
and ceramic devices can be used in applications where their 
temperature limits are not exceeded. Locate as close as 
possible to pins 12 and 13. 

CREF 

Exact value not critical and may be used to trim the full-scale 
frequency {See input/output relation). Glass film or air 
trimmer capacitors are recommended because of their sta
bility and low leakage. Locate as close as possible to pins 
5 and 3. 

Voo, Vss 
Power supplies of ±5 V are recommended. For high accuracy 
requirement 0.05% line and load regulation and 0.1 µF disc 
decoupling capacitors located near the pins are recom
mended. 

Adjustment Procedure 
Figure 1 shows a circuit for trimming the zero location. Full
scale may be trimmed by adjusting R1N, VREF, or CREF. 
Recommended procedure is as follows fora 10 kHz full-scale 
frequency. 

1. Set V1N to 10 mV and trim the zero adjust circuit to obtain a 
10 Hz output frequency. 

2. Set V1N to 10.000 v and trim either R1N, VREF, or CREF to 
obtain a 10 kHz output frequency. 

If adjustjments are performed in this order, there should be 
no interaction and they should not have to be repeated. 
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0 
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Figure 3: Recommended CREF vs VREF 

V /F Single Supply Operation 

.. 9R1 

RoN 
1M 

., v+,,, BV TO 15V 

14 

V1N_...,,.,.__.__....._.._--l O,N 

10 

10K 

NOTE: 
See Also the 
TSC7660 

'o"' Data Sheet; 
10K 

0-10V l1w·- ~~~4 _,..,.9 
Fo"' l1N X --1-

(V2-V7 ~ ~CRefl 
V+ R1 R2 100K 

10V 1M 10K (V1N·V2) 1v+ .. v21 
l1N"'R;;-+(~) 12V 14M 14K 

15V 2M 20K 

Figure 4: Fixed Voltage - Single Supply Operation 

lOVto 15V 

3.3K 
14 
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fouT 

""" 10 touT/2 
TSC9400 V/F 

lOOK 

Figure 5: Variable Voltage - Single Supply Operation 



PRODUCT INFORMATION 

lOV to 15V 

14 

8.2V 

TSC9400 V/F 

100K 

0.01 

10 

TSC9400 
TSC9401 
TSC9402 

10K 

See TSC7660 Data Sheet for 
±5 V Operating Circuit from 
Single +5 V Supply. 

10K 

'ouT 

'ourt2 

Figure 6: Single Variable Supply Voltage with 

Offset and Gain Adjust 

Electrical Characteristics, F/V Mode: Unless otherwise specified, Voo = +5 v. Vss = -5 v, VGNo=O, VREF=-5 v. 
Rs1As = 100 kll, Full-Scale= 10 kHz. TA=25°C unless Full Temperature Range isspecified-40°Cto+85° Cfor L package, 0° Cto 
70° C for J package. 

FREQUENCY-TO-VOLTAGE TSC9401 TSC9400 TSC9402 
PARAMETER DEFINITION MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Accuracy Deviation From Ideal Transfer 
Non-Linearity Function as a Percentage 0.01 0.02 0.02 0.05 0.05 0.25 % Full-
(Note 5) Full-Scale Voltage Scale 

Input Frequency Frequency Range for 10 - 100 k 10 - 100 k 10 - 100 k Hz Range (Note 6) Specified Non-Linearity 

Frequency Inputs 
Positive Excursion Voltage Required to Turn 
(Note 7) Comparator On 0.4 Voo 0.4 Voo 0.4 Voo v 
Negative Voltage Required to Turn -0.4 -2 -0.4 -2 -0.4 -2 v 
Excursion (Note 7) Comparator Off 

Min. Positive Time Between Threshold 5.0 5.0 5.0 µs Pulse Width (Note 7) Crossings 

Min. Negative Time Between Threshold 0.5 0.5 0.5 µs Pulse Width (Note 7) Crossings 

Input Impedance 10 10 10 Mn 

Analog Outputs 
Output voltage Voltage Range of Op Amp Output 
(Note 8) for Specified Non-Linearity -Voo-1 -Voo-1 -Voo-1 v 
Output Loading Resistive Loading at Output 

of Op Amp 2k 2 k 2k n 

Supply Current 
loo Quiescent Current Required From Positive 

(L Package) (Note 9) Supply During Operation 2.0 4.0 2.0 4.0 mA 
(J Package) 2.0 6.0 2.0 6.0 3.0 10.0 mA 

lss Quiescent Current Required From Negative 
(L Package) (Note 10) Supply During Operation -1.5 -4.0 -1.5 -4.0 mA 
(J Package) -1.5 -6.0 -1.5 -6.0 -3.0 -10.0 mA 

Voo Supply Operating Range of 
Positive Supply 4.0 7.5 4.0 7.5 4.0 7.5 v 

Vss Supply Operating Range of 
Negative Supply -4.0 -7.5 -4.0 -7.5 -4.0 -7.5 v 

Reference Voltage 
VREF -Vss Range of Voltage Reference Input -1.0 -1.0 -1.0 v 
Notes: 7. Tr ·-" tt ::. 20 ns. 
1. Full temperature range 8. RL;::;: 2 kH. 
2. llN """" 0. 9. Full temperature range. V1N = -0.1 V. 
3. Full temperature range. lour" 10 mA. 10. V1N = -0.1 V. 
4. lour=· 10 µA 11. l1N connects the summing junction of an operational amplifier. Voltage 
5. 10 Hz to 100 kHz. sources cannot be attached directly but must be buffered by external 
6. ~1 µs min. positive pulse width and 0.5 µs min. negative pulse width. resistors. 
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TSC9400 
TSC9401 
TSC9402 

VOLTAGE TO FREQUENCY/ 
FREQUENCY TO VOLTAGE CONVERTERS 

.,,. 
DELAY 

----, 
I 
I 
I 
I 

V+ 

*OPTIONAL IF 
BUFFER IS NEEDED 

-5VO-_...,'"-"""-------------------o l;...o---+~=-~ 

OFFSET 
ADJUST 

+6V 

12 pf CReF see NOTE BELOW 
68pf 

C1NT 
1000pF 

•OK ~--/100'/IK/"-,._:;2f'IO"'Ffc:S::..:ET _________ ~ + 

L ______ _ie1AS _ ___ vss _______________ J 
1 • 

100K 

Figure 7: DC - 10 kHz F/V Converter 

F/V Circuit Description 
The TSC9400, when used as a frequency to voltage converter, 
generates an output voltage which is linearly proportional to 
the input frequency wave form. 

Each zero crossing at the comparator's input causes a precise 
amount of charge (q = CAEF x VREF) to be dispensed into the 
op amp's summing junction. This charge in turn flows through 
the feedback resistor generating voltage pulses at the output 
of the op amp. A capacitor (C&NT) across R&NT averages these 
pulses into a DC voltage which is linearly proportional to the 
input frequency. 

F/V Design Information 
Input/Output Relationships 
The output voltage is related to the input frequency (F1N) by 
the transfer equation: 

Vour = l VREF CREF R1NT J F1N 

The response time to a change in F1N is equal to (AINT C1Nr). 
The amount of ripple on Vour is inversely proportional to 
C1NT and the Input Frequency. 

C1NT can be increased to lower the ripple. 1 µF to 100 µFare 
perfectly acceptable values for low frequencies. 

When TSC9400 is used in the single supply mode, VREF is 
defined as the voltage difference between Pin 7 and Pin 2. 

Input Voltage Levels 
The input signal must cross through zero in order to trip the 
comparator. In order to overcome the hysteresis the ampli
tude must be greater than ±200 mV. 

If only a unipolar input signal (F1N) is available, it is recom
mended that either an offset circuit using resistor be used or 
that the signal be coupled in a via a capacitor. 

For 100 kHz maximum input R1NT should be decreased to 
100 k!l. 
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NOTE: CREF should be increased for low F1N max. Adjust 
CREF so that Vo is approximately 2.5 to 3.0 volts for the 
maximum input frequency. When F&N max is less than 1 kHz, 
the duty cycle should be greater than 20% to insure that CREF 
is fully charged and discharged. 



PRODUCT INFORMATION 

F/V Design Information (Cont.) 

Input Buffer 
10 and 10 /2 are not used in the F/V mode. However, these 
outputs may be useful for some applications, such a butter 
to teed additional circuitry. Fo will then follow the input 
frequency wave form; except that fo will go high 3 µs after 
F1N goes high. fo/2 will be square wave with a frequency of 
one halt fo. 

It these outputs are not use, then Pins 8, 9 and 10 may be left 
floating or connected to ground. 

1---5.0µs MIN--j 

INPUT 

I--DELAY= 3µs 

fo/21~------' 
Figure 8: F/V Digital Outputs 

G GND 

10K 

2 BIAS 

11 COMP 

IN 

") Q C 6.2V vv 

10V TO 15V 

14 
Voo 

""" TSC9400 F/V 

Figure 9: F/V Single Supply 
Notes: 

NOTE: 
See Also 
TSC7660 
Data Sheet; 

µF I OUTPUTj 

Vo 
GND~6-------__, 

1. The input is now referenced to 6.2 V (Pin 6). The input signal must therefore 
be restricted to be greater than 4 volts (Pin 6 -2 V) and less than 10 to 15 V 
(Voo). 

If the signal is AC coupled then a resistor (100 k to 10 m!l) must be placed 
between the input (Pin 11) and Pin 6. 

2. The output will now be referenced to Pin 6 which is at 6.2 V(Vz). For fre
quency meter applications a 1 mA meter with a series scaling resistor can be 
placed across Pins 6 and 12. 

The sawtooth ripple which is on the output of an F/V can be 
eliminated without affecting the F/V's response time by using 
the circuit in Figure 10. The circuit has a DC gain of +1. Any 

When both paths have the same gain, the AC ripple is can
celled. The amount of cancellation is directly proportional to 
gain matching. It the two paths are matched within 10%, then 
the ripple will be lowered by 1/10. For 1 % matching, the ripple 
is lowered by 1/100. The 10 k potentiometer is used to make· 
the gain equal in both paths. This circuit is insensitive to both 
frequency changes and to signal wave shape. 

OUTPUT 

Figure 10: F/V Ripple Eliminator 

F/V Power-On Reset 
In the F/V mode, the TSC9400 output voltage will occasionally 
be at its maximum value when power is first applied. This con
dition will remain until the first pulse is applied to the F1N input. 
In most frequency-measurement applications this is not a 
problem, because proper operation begins as soon as the 
frequency input is applied. 

In some cases, however, the TSC9400 output must be zero at 
power-on without a frequency input. In such cases, a capacitor 
connected from Pin 11 to Voo will usually be sufficient to pulse 
the TSC9400 and provide a power on reset (Figure 11 a). Where 
predictable power-on operation is critical, a more complicated 
circuit. such as Figure 11 b, may be required. 

INPUT 1 kr.! 

''" 

16 

3 CLRxcc B 

100 k 

4 A 

1µfdI 

1000 pf 

CD4538 

14 11a 
Voo 

11 
COMP 

11b 

..," TSC9400 

INPUT fJN 

AC components such as a ripple are amplified both posi- '---.------------------------' 
lively, via the lower path, and negatively, via the upper path. Figure 11 
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'°'~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC700A ----------------------------------------
FOUR DIGIT LED DISPLAY DECODER AND DRIVER 

FEATURES 
• High Drive Current for High Luminance LED Display 
• Guaranteed High LED Segment Current: 11 mA 

Minimum 
• 28 Common Anode LED Drivers (4 Digits) 
• Code B Output Fonnat ... Oto 9, -, E, H, L, P, "blank" 
• BCD/Binary Input to Seven Segment LED Code 
• Four Separate Digit Selects for Multiplexed Input 
• Digital or Analog Brightness Control 
• Digital Display Enable 
• Low Thermal Resistance Package 
• Military Temperature Range Devices Available 
• Pin Compatible With TSC7212A, ICM7212A 

FUNCTIONAL DIAGRAM 

CONTROL 

DIGIT { 
SELECT 

DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1 

r __ l!__.., r ___ :f:!_, r ___ l2_, 
1---------< H ~ : 

~--.--- I I I [ I 

DIGIT SELECT 
LOGIC ANO 
ONE SHOT STROBE 

I I I I I 
I I 1 l 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I l I I 
l I I I 
L _ ..J l _j 

DIGIT LATCH 

L___J 
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COMMON 
ANODE 
LEOS 
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TO TSC700A 

OUTPUTS 
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FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER 

TSC700A 
GENERAL DESCRIPTION 

The TSC700A drives common anode LED 
displays with 28 high current, open-drain N channel 
output transistors. Four seven segment LED displays 
may be driven. Drive current is guaranteed to be 11 mA 
minimum. This is twice the minimum drive current 
available from comparable devices and will provide 
high LED luminance. High luminous intensity ·is an 
important factor when a dark contrasting background 
is unavailable or the LED is viewed at a distance. The 
TSC700A current capability makes it an ideal large 
character LED driver. 

Four data bit inputs and four digit select 
signals permit interfacing to multiplexed BCD or binary 
output devices. The four bit data input is decoded into 
the seven segment alphanumeric code known as 
"Code B".AOto9,-, E, H, L, Por"blanK" reading may 
be displayed. 

An added feature includes a brightness control 
input that adjusts segment drive current. The control 
pin may also be used as a digital display enable. The 
TSC700A is an improved pin compatible and functional 
equivalent to the ICM7212A and TSC7212A. 

1Q-4 

Ordering Information 

LED 
Temp. Segment Output 

Part No. Package Range Current Code 

TES700AMJL • 
4C>-Pin 

-55°C to +125°C 14mA Code B 
CerDIP 

TSC700AIJL• 
40-Pin 

-25°C to +B5°C 14mA Code B 
CerDIP 

TSC700AN CHIP 25°C 14 mA Code B 

* Add /Bl to part number suffix for 160 hour, +125° C burn-in. 

Pin Configuration 

3' °'}"'D 33 03 DIGIT 
SELECT 

02 INPUTS 

01 LSD 

"' "} "" 82 DATA 
Bl INPUTS 

BO LSB 

If Brightness Control is not needed, connect BRT (pin 5) to v5. 



PRODUCT INFORMATION 

Absolute Maximum Ratings (Notes 1, 2) 

Power Dissipation .....•...•................... *1.0 W 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5 V 
Input Voltage (Any Terminal) Vs+ 0.3 V to Ground -0.3 V 
Operating Temperature 

M Version ........................ -55°C to +125°C 
I Version ..........•............... -25° C to +85° C 

Maximum Chip Temperature .................• +150°C 
Storage Temperature ................. -55°C to +150°C 
Lead Temperature (10 Sec) .................... 300°C 

•To 85°C, See Derating Curve on Page 4 for operation above 85°C. 

Electrical Characteristics: Specifications measured with Vs = 5.0 v at TA = 25° c. 
TEST TSC700A 

TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

D 

LR 
EI 
Dy 

E 
R 

I 
N 
p 

u 
T 

T 
I 

M 
I 
N 
G 

p 

0 
w 
E 
R 

Noteo: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

ISEG 

ISLK 

V1H 

V1L 

hN 

C1N 

CBR 

tpw 

tos 

toH 

t1os 

Vs 

Is 

lop 

Segment ON 
Current 

Segment 
Leakage 

Logic "1" Input 
Voltage 

Logic "O" Input 
Voltage 

Input Current 

Digital 
Input 
Capacitance 

Brightness 
Input 
Capacitance 

Digit Select 
Pulse Width 

Data 
Setup 
Time 

Data Hold 
Time 

Inter-Digit 
Select Time 

Operating 
Supply Voltage 
Range 

Supply Current 

Operating 
Current 

1. Functional operation above the absolute maximum stress ratings Is not 
implied. 

Test Circuit 

Pins 27-34 

Pins 27-34 

See Timing 
Diagram 

See Timing 

Diagram 

See Timing 
Diagram 

See Timing 
Diagram 

Display OFF 

Pin 5, 27-34 at 
GND, Display all "8's" 

11 

3.0 

1.0 

2.0 

4 

14 

±0.01 

±0.01 

5 

200 

0 

5 

440 

18 mA 

±1.0 µA 

v 

1.0 v 

±1.0 µA 

pF 

pF 

µS 

100 ns 

ns 

µS 

6 v 

50 µA 

mA 

2. Static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 
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FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER 

TSC700A 
Output Pin Description and Function 

OUTPUT TERMINAL FUNCTION OUTPUT TERMINAL FUNCTION 

A1 37 A Segment Dr. Digit 1 (LSD) AS 13 A S~gment Dr. Digit 3 
B1 38 B 

! ! l 
BS 14 B 

! ! C1 39 c C3 15 c 
01 40 D 03 16 D 
E1 2 E E3 17 E 
F1 4 F F3 19 F 
G1 3 G G3 18 G' 

A2 6 A Segment Dr. Digit 2 A4 20 A Segment Dr. Digit 4 
B2 7 B 

l ! 
B4 21 B 

! ! C2 8 c C4 22 c 
02 9 D 04 23 D 
E2 10 E E4 24 E 
F2 12 F F4 26 F 
G2 11 G G4 25 G 

Input Pin Description and Function 
INPUT TERMINAL FUNCTION 

BO 27 Ones (Least Significant) 

B1 28 Twos } . 
-----'-------------------------- DATA INPUTS BITS 

Fours B2 29 

B3 30 

01 31 

02 32 

D3 33 

D4 34 

BAT 5 

Segment Assignment 

Eights (Most Significant) 

D1 (Least Significant) Digit Select 

02 Digit Select 

D3 Digit Select 

D4 (Most Significant) Digit Select 

Brightness Control: Logic 1 = ON 
Logic 0 =OFF 
See Typical Characteristic Curve for lsEG Vs 
Brightness Control Voltage 

Timing Diagram 

(MSC) 

l 

*Input data must stable a maximum of 100 ns after digit select 
becomes active. 
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PRODUCT INFORMATION 

Electrical Operating Characteristics 

1.4 

~ 1.2 

z 
0 1.0 

~ 
iii Ci 0.8 

a: 

~ 0.6 
~ 
w 

" < 0.4 

"' ~ 
<l. 

0.2 

20 

Maximum Power Dissipation 
LED Segment Current 

vs Output Voltage 

e}A =60°d1w TsbooA' 
CerDIP PACKAGE 

TSC700A v+ = 6 V 

TA= 25°C '---b..-~~~=--1 
24 VPIN s=+sv+ 

40 

~ 
~ 

SAFE OPERATING 

AREA 
\ 

l l l 

60 80 100 120 140 3 4 
AMBIENT TEMPERATURE (°C) SEGMENT OUTPUT (VOL TS) 

LED Segment Current vs 
Brightness Control Voltage 

TSC700A 
TA= 25°C 

24 SEGMENT OUTPUT= 3 v--+--t-----1 

~ 16t---+---+--+---t--#--+----I 
E 
" $ 12t----t---+--t---#--t----t----1 

2 3 4 5 6 

VPIN 5 (VOL TS) 
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FOUR DIGIT LED DISPLAY. DECODER AND 
DRIVER 

TSC700A 
Operation Description 

Output Format 
The TSC700A accepts four bit binary information at pins 27 
(LSB) through 30 (MSB). The. binary input is decoded to the 
seven segment ouiput in a forrnat known as "Code B". The 
display format is O to 9, -, E, H, L, P and "blank". 

Output Code 

BINARY INPUT 

B3 B2 B1 BO 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 l 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Segment Assignment 

A 

·m· •De -0 

TSC700A 
Output 

"Code B" 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

E 
H 
L 
p 

(Blank) 

Special Order Output Format 
The TSC700A is mask programmed to give 16 combinations 
of seven segment output codes. For large volume orders 
(50 K minimum pieces) custom decoder options are avail
able. Contact factory for details. 

10-S 

Brightness Control Operation 
The voltage at the brightness control input is transferred to 
the output transistor gate for "ON" segments. The brightness 
voltage directly modulates the segment driver "ON" resis
tance. A brightness input (pin 5) can be used in two ways to 
control output transistor drain current. A variable brightness 
control may be implemented with a single potentiometer. A 
high value potentiometer (100 Kn to 1 Mn) will minimize 
power consumption. 

Brightness Control 

F V+(LEDANDDES) 

100 kn - 1 Mn HTNESS CONTROL 
(PIN 5) , 

A logic signal of varying duty cycle will also control display 
brightness. 

(1/f) 

Vpin s = (-1- ) f(Vp;n s) dt = f Vp tpw = Vp (Duty Cycle] 
(1/f) 'J0 

The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic O. If brightness control is not needed, pin 5 should be 
tied to 5.0 V. 



PRODUCT INFORMATION 

Package Power Dissipation Minimization 
The TSC700A high LED current drive capability requires 
package power dissipation be limited and that a low thermal 
resistance package be used. The cerDIP package thermal 
resistance (Ojc = 30° C/W, Oja= 60°C/W) permits operation 
over the full -25°C to +85°C industrial operating tempera
ture range. Power dissipation is easily controlled by reducing 
the applied voltage at the segment driver outputs. A 2.5 n 
voltage dropping resistor placed in series with the common 
anode LED display voltage will maintain dissipation under 1 
watt with a worst case continuous 8888 display. Figure 1 
gives the package power dissipation vs the number of "ON" 
LED segments for the operating circuit in Figure 2. Driver 
outputs should be maintained above 1.85 V for constant 
current operation. 

z 
0 1.6 
j:: VLED= 1.8V 

"' 2.sn <( 
0.. 1.3 OJA =&0°ctw 
gj Ro =2.5.11 
c 1.0 

0 5 10 15 20 25 28 
N - #OF "ON" LED SEGMENTS 

Character Displayed No of "ON" Segments 

0 6 

2 

2 5 

3 5 

4 4 

5 5 

6 6 

7 3 

8 7 

9 6 

1 

E 5 

H 5 

L 3 
p 5 

Figure 1: Package Power Dissipation 
10-9 

EXTERNAL 
DROPPING 
RESISTOR 

V+ 

~f' TSC700A 

28 

COMMON 
ANODE 
LEDS 

Po = Vs Is + lsEG (N) [V + _ VLED - N(ISEG) Ro] 

= I SEG (N) [V + - VLEO - N(lsEG) Ro] 

Where: 
lsEG = LED Segment Current 
N = Number of ON Segments 
VLEO = Voltage Across on LED 
Po = Max. Package Power Dissipation 
Vs = TSC700A Power Supply Voltage (5 V) 
Is = TSC700A Quiescent Current (= 50 µA) 

Figure 2: Operating Circuit 



FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER 

TSC700A 
Applications Information: 
3 1/2 Digit ADC with LED Display 

27kn 

R1 

-----=-<R1/CI 

Cl 

+5V 

2 1A 

5 2A 
14 3A 

11 4A 

3 1B 
6 2B 

+5V 

16 

+Vee 

1Y 4 27 

2Y 7 28 

JY 12 29 

4Y 9 30 

74C157 

31 

32 

33 

Ds11-1~9---1--11~-------+--------+---=1 
os2t-1"'8--1-t--------+------------=l 

DS3t-1"-7--1-t--------+------------=l 
34 D~t-1"'6--1-t--------+~----------'"'-! 

TSC14433 
31/2 DIGIT 

A/O CONVERTER 
11 CK 

1/2 CD4013 

Q 12 

+5V 

V+ 

BO ., 
B2 

B3 

~""' TSC700A 

LEO DISPLAY 
DRIVER 

D1 

02 

D3 

D4 

10 
r------i5 BAT 

1/2 CD4013 

DU'l-'--e-----; CK Gt---<.---~ 

13 Vss EOC 14 

12 15 

-5V'------------' 

µ - Processor Controlled Display 

SY6522 

SY6502 PAO 

VIA 
PA3 

µPROCESSOR 

PA4 

PA7 

DISPLAY 
FLASHES ON 
OVERRANGE ":" 

+5V 

} DIGIT SELECT 
INPUT 

~""' TSC700A 

} DATA 
INPUT 
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35 

36 
GND 

GND 

DRIVE 

TO 
LED 

Joon 1 

~ 
A(11) } 8(10) 

C(B) 

0(6) 

E(S) 

F(12) 

G(7) 

TO 
LED 

+5V 

LED DISPLAY 

+I 
MONSANTO 

MAN 6630 

,-, ,, -
j13 _]14 

A(16) 

} 
2.5r! J 13 _l 1• 

8(15) 

C(3) 

0(2) 

E(lJ 

f(18) 

G(17) 

A(11) 

8(10) 

C(B) 

0(6) 

E(5) 

f(12) 

G(7)'" 

TO 
LED 

} TO 
LED 

,-, ,, -
MONSANTO 
MAN 6610 

,-, ,, -
*Numbers in Parentheses Denote Pin 

Connections for Monsanto Displays. 

8 -, 9 3 2.5.n 5V 



PRODUCT INFORMATION 

Applications Information (continued) 
4 1/2 Digit Counter 

CLOCK IN 
SIGNAL 

RESET 
SIGNAL 

+5 v 

Voo!+l 
SCAN OSC. 
CONTROL CLOCK 

HCTR 6010 

CLOCK IN 

MASTER 
RESET 

OUT 

BCD 1 t----------t 

BCD 2 t----------t 

BCD 3 l---------4 
BCD 4 t----------t 

+5 v 

BO 

81 

82 

83 

~"' TSC700A 
HOLD/LOAD 
LATCHES 
SIGNAL 

~fig~~~Ao av~~~~~~ 1----~ 

MASTER 
RET 

0 

0 

0 

Package Information 

40-Pin CerDIP 

J Package 

(Package #20) 

DECADE 4 STROBE t----+-------t 

DECADE 3 STROBE t----+-------t 

DECADE 2 STROBE t----+-------t 

DECADE 1 STROBE l----+-----4 

INPUTS 

04 

03 

02 

01 

GNO 

CLOCK HOLD/LOAD 
IN LATCHES 

\_ 0 

f 0 

\__ 
x 0 

x 
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INTERNAL 
COUNTER 
RESPONSE 

Advances 1 
Count 

No 
Change 

Advances 1 
Count 

Resets entire 
Counter 

Resets entire 
Counter 

BCD & STORED DI 
OVERFLOW 
OUTPUT 
RESPONSE 

Indicates 
New Count 

No 
Change 

Retains Prior 
Count 

Outputs go 
to Zero 

Retains Prior 
Count 



Notes 

ENGINEE:R: -------------------------- DEPT: ----

PROJECT: DATE: -----

DESCRIPTION---------------------------------
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.-.~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 

FUNCTIONAL DIAGRAM 

04 
SEGMENT OUTPUTS 

GND~ 

TO TSC701AM 
OUTPUTS 

*Limits Packaiie Power Dissipation 

27 

DATA I INPUT 

DIGIT I 
SELECT 
INPUT 

ENABLE 

ENABLE 

2T04 
DECODER 

ONE 
SHOT 

ENABLE 

FEATURES 
• 28 Current Limited Outputs Drive Common-Anode 

LEDs at 18 mA Per Segment 
• Input and Digit Select Data Latches 
• Brightness Input Allows Potentiometer Control of 

LED Segment Current. Pin Also Serves as Digital 
Display Enable 

• Input and Digit Select Data Latches 
• Pin Compatible and Functionally Equivalent to 

ICM7212AM 
• Input Decoded to Seven Segment Code B Output (0 

to 9, -, E, H, L, P, "Blank") 

TSC701AM 

03 
SEGMENT OUTPUTS 

02 
SEGMENT OUTPUTS 

*HIGH CURRENT DRIVE: 11 mA MINIMUM 
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SEGMENT OUTPUTS 
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TSC701AM 
GENERAL DESCRIPTION 

The TSC701AM is a CMOS direct drive, four 
digit, seven segment LED display decoder and driver. 
The device is bus compatible making microprocessor 
controlled displays possible. Two chip select signals 
control data and digit select code latching prior to 
decoding and display. External data latches are un
necessary. 

The TSC701AM drives common anode LED 
displays with 28 high current, open-drain N channel 
output transistors. Four seven segment LED displays 
may be driven. Drive current is guaranteed to be 11 mA 
minimum (18 mA TYP). This is twice the minimum drive 
current available from comparable devices and will 
provide high LED luminance. High luminous intensity 
is an important factor when a dark contrasting back
ground is unavailable or the LED is viewed at a 
distance. The TSC701AM current capability makes it 
an ideal large character LED driver. 

Four data bit inputs and four digit select 
signals permit interfacing to multiplexed BCD or binary 
output devices. The four bit data input is decoded into 
the seven segment alphanumeric code known as 
"Code B". AO to 9, -, E, H, L, P or "blank" reading may 
be displayed. 

An added feature is the brightness control 
input that adjusts segment drive current. The control 
pin may also be used as a digital display enable. The 
TSC701AM is an improved pin compatible and func
tional equivalent to the ICM7212AM. 
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BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 

Ordering Information 

Part No. 

TSC701AMIJL 

Package 

40-Pin 
CerDIP 

Pin Configuration 

LED 
Temp. Segment 
Range Current 

-25°C 
to +85°C 

18 mA 

D1 

GND 

CHIP SELECT 2 
(CS2) 
CHIP SELECT 1 
(CS1) 
DIGIT SELECT 2 
(052) 
DIGIT SELECT 1 
(DSl) 

30 B3} 
82 DATA 

INPUTS 
B1 

BO 

IF BRIGHTNESS CONTROL IS NOT NEEDED, 
CONNECT BRT (PIN 5) TO V5. 

Output 
Code 

Code B 



PRODUCT INFORMATION 

Absolute Maximum Ratings 1, 2 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 W 
Supply Voltage . .. .. . .. . . . .. . .. . .. . .. .. . . .. . . .. . 6.5 V 
Input Voltage (Any Terminal) Vs+ 0.3 Vto Ground -0.3 V 
Operating Temperature 

I Version .......................... -25° C to +85° C 

TSC701AM 

Maximum Chip Temperature .................. +150°C 
Storage Temperature ................ -55° C to +150°C 
Lead Temperature (10 Sec) .................... 300°C 

Electrical Characteristics: Specifications measured with Vs= 5.0 vat TA= 25°C. 

TEST TSC701AM 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

D 

LR Ism 
Segment ON 

Test Circuit 11 18 20 mA 
EI Current 

DV 
2 ISLK 

Segment 
±0.01 ±1.0 µA E 

R 
Leakage 

3 V1H 
Logic "1" Input 

3.0 v 
Voltage 

I 
4 V1L 

Logic "O" Input 
1.0 v 

N Voltage 
p 

5 liN In put Current Pins 27-34, 5 ±O.D1 ±1.0 µA u 
T Digital 

6 C1N Input Pins 27-34 5 pF 
Capacitance 

Brightness 
7 CSR Input 200 pF 

Capacitance 

8 tcsA 
Chip Select 

Note 3 200 ns 
Active Pulse Width 

T 
Data 

M 9 tos Setup 100 ns 

I 
Time 

N 
10 

Data Hold 
10 0 

G 
toH 

Time 
ns 

11 tics 
Inter-Chip 

2 µS 
Select Time 

Operating 
p 12 Vs Supply Voltage 4 5 6 v 
0 Range 
w 

13 Is E 
Supply Current Display OFF 50 µA 

R 
Operating Pin 5, at Vs 

14 lop 504 mA 
Current Display all "B's" 

Notes: 
1. Functional operation above the absolute maximum stress ratings is not 3. Other chip select (CS) is either held at logic zero or both CS1 and CS2 

implied. driven together. 
2. Static Sensitive device. Unused devices must be stored in conductive 

material to protect devices from static discharge and static fields. 
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TSC701AM 
Input Definitions 

BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 

In this table, V +and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

INPUT TERMINAL CONDITION FUNCTION 

BO 27 V + Logical One 
Ones (least Significant) GND =Logical Zero 

} B1 28 V+ =Logical One 
Twos GND = Logical Zero 

Data Input Bits 
V+ = Logical One B2 29 GND = Logical Zero Fours 

B3 30 V+ = Logical One Eights (Most Significant) 
GND = Logical Zero 

DS1 31 V+ =Logical One Digit Select Inputs 
DS2, DS1 = 00 Selects D4 
DS2, DS1 = 01 Selects D3 

DS2 32 GND = Logical Zero 
DS2, DS1 = 10 Selects D2 
DS2, DS1 = 11 Selects D1 

CS1 33 V+ = Inactive 
When both CS1 and CS2 are low the data and digit select 
input latches are open or enabled. 

CS2 34 GND =Active 
On the rising of CS1 or CS2 data is latched, decoded 
and stored in the output drive latches. 

Timing Diagram 

~OON'TCARE 

Figure 1: BUS Interface Timing Diagram 
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PRODUCT INFORMATION 

___________ T--=-S--=-C701AM 
Output Definitions 
Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

OUTPUT TERMINAL FUNCTION 

A1 37 A Segment Dr. Digit 1 

T' 
81 38 8 

! ! C1 39 c 
D1 40 D 
E1 2 E 
F1 4 F 
G1 3 G 

A2 6 A Segment Dr. Digit 2 
82 7 8 

l ! C2 8 c 
D2 9 D 
E2 10 E 
F2 12 F 
G2 11 G 

Digit Assignment 

OUTPUT TERMINAL FUNCTION 

A3 13 A Segment Dr. Digit 3 
83 14 8 

l ! C3 15 c 
D3 16 D 
E3 17 E 
F3 19 F 
G3 18 G 

A4 20 A Segment Dr. Digit 4 
84 21 8 

l ! C4 22 c 
D4 23 D 
E4 24 E 
F4 26 F 
G4 25 G 

04 03 02 01 ,, ,, ,, ,, *,, ,, ,, ,, -- -- -- --
*I.e. E4 
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BUS COMPATIBL.E FOUR DIGIT 
LED DISPLAY DRIVER 

TSC701AM 
Electrical Operating Characteristics 

1.4 

! 
1.2 

z 
0 1.0 ;:: 
< ... 
~ 0.8 c 
er: 
w 
;;: 0.6 
0 ... 
w 
CJ 

0.4 < 
" u 
< ... 

0.2 

20 

Maximum Power Dissipation 
LED Segment Current 

vs Output Voltage 

T I TSC701AM 
"JA "60 C/W 

CerDIP PACKAGE 
TSC701AM 

TA= 25 C 
v+ = 6V 

24 VPIN 5 = v+ 

MAX 

~ OPERATING 
TEMP. -

~ 
SAFE OPERATING \ AREA 

40 60 80 100 120 140 2 3 4 
AMBIENT TEMPERATURE I C) SEGMENT OUTPUT (VOL TS) 

LED Segment Current vs 
Brightness Control Voltage 

TSC701AM 

TA= 2s0 c 
24 SEGMENT OUTPUT= 3 v--1--.+---1 

116 
0 
~ 12~--+----+---+----...+--+---I 

2 3 4 5 6 
VPIN 5 (VOL TS) 
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PRODUCT INFORMATION 

Input Configuration and Output Codes 
The TSC701AM accepts a four bit, true binary (positive level 
=logic 1) input at pins 27 (LSB) through 30 (MSB). The out
put display format is Oto 9, -, E, H, L, P and blank (see Table 
1 ). The TSC701AM correctly decodes binary and BCD true . 
codes to a seven segment output. 

The TSC701AM is designed to interface with a data bus and 
display data under microprocessor control. Four data input 
bits (Pins 27-30) and two digit select input bits (Pins 31, 32) 
are written into input buffer latches. The rising edge of either 
chip select causes data to be latched, decoded and stored in 
the selected digit output data latch. The two bit digit code 
selects the appropriate output digit latch. The four bit display 
data word is decoded to the "Code B" seven segment output 
format. 

For applications where bus compatibility is not required 
refer to the TSC7211A (LCD), TSC7212A (LED) and the 
TSC700A (LED) four digit decoder driver data sheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. 

BINARY INPUT 

83 82 81 BO 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Table 1: Output Code 

Applications Information 

CODE B 
TSC701AM 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
-
E 
H 
L 
p 

(Blank) 

Figure 5: Segment Assignment 

The TSC701AM has two ground pins. These pins should be 
connected together. 

TSC701AM Interfaced to Z-80 Microprocessor 

DO 27 BO D1 ,._ ________ ,__,. 81 ~"" 

2 ~ ~ 

~3 lO 83 (!~~~~~t:T 
m 33 CS1A 3000-JOOJH) 

Z-80µP 

t-----...-+-+-++-+-3'--11 OS1A 

t------1'-f-H-tt-J-'3=t2 DS2A 

1-++-HH-++-"'34=-! CS2A GND GNP 

5 
BRIGHTNESS 
CONTROL 

5 IF DESIRED ,......,.........__.._......., 

NOTE: TSC7211AM OPERATING IN 
MASTER/SLAVE MODE. 
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Notes 

ENGINEER:-------------------------- DEPT: ----

PROJECT: DATE: -----

DESCRIPTION---------------------------------
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~'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 

FEATURES 
TSC7211A (LCD DRIVER) 

• Four Digit Non-Multiplexed Seven Segment LCD 
Display Outputs With Backplane Driver 

• RC Oscillator On Chip Generates Backplane Drive 
Signal 

• Eliminates DC Bias Which Degrade LCD Display Life 
• Backplane Input/Output Pin Permits Synchroniza

tion of Cascaded Slave Device to a Master Backplane 
Signal 

• Separate Digit Select Inputs to Accept Multiplexed 
BCD/Binary Inputs 

• Binary and BCD Inputs Decoded to Code B (0 to 9, 
-, E, H, L, P, Blank) 

• Pin Compatible and Functionally Equivalent to 
ICM7211A and DF411 

• Connect to TSC7135 in Flat Package For Compact 
4 1/2 Digit Meter Systems 

TSC7212A (LED DRIVER) 

• 28 Current Limited Outputs Drive Common Anode 
LEDs at Greater Than 5 mA Per Segment 

• Brightness Input Allows Potentiometer Control of 
LED Segment Current. Pin Also Serves as Digital 
Display Enable 

• Same Input Configuration and Output Decoding as 
the TSC7211A 

• Pin Compatible and Functionally Equivalent to 
ICM7212A 
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FOUR DIGIT CMOS DISPLAY 

TSC7211A DECODER AND DRIVER 

TSC7212A 
GENERAL DESCRIPTION Ordering Information 

The TSC7211A (LCD Decoder/Driver) and 
Driver Output Input 

TSC7212A (LED Decoder/Driver) are direct drive, four Part No. TYpe Package Code Conlig. 
digit, seven segment display decoder and drivers. 

Multiplexed The TSC7211A drives conventional LCD dis- 40-Pin 

plays. An RC oscillator, divider chain, backplane driver, 
TSC7211AIPL LCD 

Epoxy DIP 
Code B 4-Bit Binary 

or BCD 
and 28 segment outputs are provided on a single 

Multiplexed 
CMOS chip. The segment drivers supply square waves TSC7212AIPL LED 

40-Pin 
Code B 4-Bit Binary 

of the same frequency as the backplane but in phase Epoxy DIP 
or BCD 

for an OFF segment and out of phase for an ON 
Multiplexed 

segment. The net d.c. voltage applied between driver TSC7211A/Y LCD DICE Code B 4-Bit Binary 
segment and backplane is zero. or BCD 

The TSC7212A drives common anode LED Multiplexed 
displays with 28 current controlled, low leakage, open TSC7212A/Y LED DICE Code B 4-Bit Binary 
drain, N-Channel output transistors. The brightness or BCD 

control input can be used as a digital display enable. A 
40-Pin 

Multiplexed 
varying voltage atthecontrol input will allow continuous TSC7211AIJL LCD 

CerDIP 
Code B 4-Bit Binary 

display brightness control. or BCD 

The TSC7211A (LCD) and TSC7212A (LED) 
40-Pin 

Multiplexed 
require only four data bit inputs and four digit select TSC7212AIJL LED 

CerDIP 
Code B 4-Bit Binary 

signals to interface with multiplexed BCD or binary or BCD 

output devices such as the ICM7217, I CM7226, I CL 7103 60-Pin Multiplexed 
and TSC7135. The four bit binary input code is decoded TSC7211AIBQ LCD Flat Package Code B 4-Bit Binary 

into the seven segment alphanumeric code known as Formed Leads or BCD 

"Code B." 60-Pin Multiplexed 

The "Code B" output format results in a Oto 9, TSC7212AIBQ LED Flat Package Code B 4-Bit Binary 

-, E, H, L, P or blank display. True BCD or binary inputs Formed Leads or BCD 

wi 11 be correctly decoded to the seven segment display 44-Pin Multiplexed 

format. TSC7211AIKW LCD Flat Package Code B 4-Bit Binary 

The CMOS TSC7211A and TSC7212A are Formed Leads or BCD 

available in a 40-pin epoxy dual-in-line package and a 44-Pin Multiplexed 

compact 60-pin flat package. All inputs are protected TSC7212AIKW LED Flat Package Code B 4-Bit Binary 

against static discharge. 
Formed Leads or BCD 

Multiplexed 

Pin Configuration TSC7211AILW LCD 44-Pin PLCC Code B 4-Bit Binary 
or BCD 

Multiplexed 
TSC7212AILW LED 44-Pin PLCC Code B 4-Bit Binary 

or BCD 

" °'} 03 OIGIT 
SELECT 

02 INPUTS 

"' 

" "} 82 DATA 
Bl INPUTS 

" 
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PRODUCT INFORMATION 

Pin Configuration 

Flat Package 

NOTES: 
1. NC"' NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 ANO 53 ARE CONNECTED TO THE DIE 

SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATEL V v+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 

TSC7211A 
TSC7212A 

Timing Diagrams 

DIGIT SELECT 
Do 

Dn-1 
DATA VALID 

Figure 1: Input Timing Diagram (LED or LCD) 

OSCILLATOR J1J 
FREQUENCY 1JUUlr1.n.flf 1JUlJlf 

BACKPLANE "4----128 CYCLES---.-1 

INPUT/OUTPUT-----... , I L_ 
~ 64 CYCLES ~64 CYCLES-..j 

DFF SEGMENTS ------ii I L_ 

ON SEGMENTS ------' ~-~' 
Figure 2: LCD Display Waveforms 

Test Circuit 

LOAD EACH 
SEGMENT TO 
BACKPLANE WITH 
200 pF CAPACITOR 

Figure 3: Test Circuit 
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TSC7211A 
TSC7212A 

FOUR DIGIT CMOS DISPLAY 
DECODER ANO DRIVER 

Functional Block Diagram 

04 
SEGMENT OUTPUTS 

TSC7211A 

03 
SEGMENT OUTPUTS 

02 
SEGMENT OUTPUTS 

INPUTS -------------------------------~ 

01 
SEGMENT OUTPUTS 

DIGIT l SELECT 

-----------------------------------------' 

OSCILLATOR 
16KHz 
FREE· 

~;t',~LATOR ---------------R-UN-N-IN_G _ _. 
ENABLE 

+128 

BACK· 
PLANE 
DRIVER 

DETECTOR t---------------~ 

Functional Block Diagram 

04 
SEGMENT OUTPUTS 

TSC7212A 

03 
SEGMENT OUTPUTS 

02 
SEGMENT OUTPUTS 

01 
SEGMENT OUTPUTS 

DIGIT l 
~~~ii ---------------------------------' -----------------------------------------' 
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PRODUCT INFORMATION 

TSC7211A 
~~~~~~~~~~_T_S_C7212A 
Absolute Maximum Ratings 
Power Dissipation (Note 1) ............... 0.8 W at 70° C 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5 V 
Input Voltage (Any 
Terminal) (Note 2) . . . . . . . . . v• +0.3 V, GROUND -0.3 V 
Operating Temperature Range ......... -20°c to +85°C 
Storage Temperature Range .......... -55°C to +125°C 
Lead Temperature (Soldering 10 sec.) ............ 300°C 
Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 

Table I: Operating Characteristics 
Test Conditions: All parameters measured with V+ = 5 v 

TSC7211A CHARACTERISTICS (LCD DECODER/DRIVER) 

PARAMETER SYMBOL CONDITIONS 

Operating Voltage Range VsuPP 

in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
Note 1: This limit refers to that of the package and will not be realized during 

normal operation. 
Note 2: Due to the SCR structure inherent in the CMOS process, connecting 

any terminal to voltages greater than v+ or less than GROUND may 
cause destructive device latchup. For this reason it is recommended 
that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, 
and that in multiple supply systems, the supply to the TSC7211A/ 
TSC7212A be turned on first. 

MIN TYP MAX UNIT 

3 6 v 
Operating Current lop Test Circuit, Display Blank 10 50 µA 

Oscillator Input Current losc1 Pin 36 ±2 ± 10 µA 

Segment Rise/Fall Time Iris C..=200pF 0.5 µA 

Backplane Rise/Fall Time lrlb C.. = 5000 pF 1.5 µs 

Oscillator Frequency lose Pin 36 Floating 16 kHz 

Backplane Frequency '•• Pin 36 Floating 125 Hz 

TSC7212A CHARACTERISTICS (COMMON ANODE LED DECODER/DRIVER) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Operating Supply Voltage Range VsuPP 4 6 v 
Operating Current 

lop 
Pin 5 (Brightness), 

10 50 µA 
Display Off Pins 27-34 - GROUND 

Operating Current lop Pin 5 at V+, Display all B's 200 mA 

Segment Leakage Current ISLK Segment Off ± 0.01 ± 1 µA 

Segment On Current lsEG Segment On, Vo = +3 V mA 

INPUT CHARACTERISTICS (LCD AND LED DECODER/DRIVER) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Logical "1" Input Voltage V1H 3 v 
Logical "O" Input Voltage VIL v 
Input Leakage Current hLK Pins 27-34 ± O.Q1 ± 1 µA 

Input Capacitance C1N Pins 27-34 pF 

BP/Brightness Input Leakage iePLK Measured at Pin 5 with Pin 3o at GND ± 0.01 ± 1 µA 

BP/Brightness Input Capacitance CeP1 All Devices 200 pF 

AC CHARACTERISTICS (LCD AND LED DECODER/DRIVER) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Digit Select Active Pulse Width Isa Refer to Timing Diagrams µs 

Data Valid Time Ids Refer to Timing Diagrams 100 ns 

Data Hold Time ldh Refer to Timing Diagrams 200 ns 

Inter-Digit Select Time lids Refer to Timing Diagrams 2 µs 
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TSC7211A 
TSC7212A 

FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 

Input Definitions 
In this table, V+ and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

INPUT TERMINAL* CONDITION FUNCTION 

BO 27 (49) 

B1 28 (50) 

B2 29 (51) 

B3 30 (52) 

V+ = Logical One 
GND = Logical Zero Ones (Least Significant) } 
V+ = Logical One 

___________ G_N_D_=_L_o_g_ic_a_I Z_e_r_o ___ T_w_os________ Data Input Bits 
V+ = Logical One 
GND = Logical Zero Fours 
V+ = Logical One 

____________ G_N_r_ ·~q_ic_a_l_Z_e_ro ___ E~ig~h_ts-'-(M_o_s_t_S~ig~n_if_ic_a_nt~)------------~ 

osc 36 (1) Floating or with Oscillator Input 
(LCD Devices 
only) 

external capacitor Disables BP output devices, allowing segments to be syn-
GROUND chronized to an external signal input at the BP terminal (Pin 5) 

D1 31 (54) D1 (Least significant) Digit Select 
D2 32 (55) V+ =Active D2 Digit Select 
D3 33 (56) GND = Inactive D3 Digit Select 
D4 34 (57) D4 (Most significant) Digit Select 

• 60-Pin Flat Package Pin # in ( 

Output Definitions 
Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

OUTPUT TERMINAL* FUNCTION OUTPUT TERMINAL* FUNCTION 

A1 37 (3) A Segment Dr. Digit 1 (LSD) A3 13 (26) A Segment Dr. Digit 3 
B1 38 (5) B 

l l l 
B3 14 (27) B 

l l 
C1 39 (6) c C3 15 (28) c 
D1 40 (7) D D3 16 (33) D 
E1 2 (10) E E3 17 (34) E 
F1 4 (12) F F3 19 (36) F 
G1 3 (11) G G3 18 (35) G 

A2 6 (18) A Segment Dr. Digit 2 A4 20 (37) A Segment Dr. Digit 4 (MSD) 
B2 7 (19) B 

l l 
B4 21 (39) B 

l l l 
C2 8 (20) c C4 22 (40) c 
D2 9 (21) D D4 23 (41) D 
E2 10 (22) E E4 24 (42) E 
F2 12 (25) F F4 26 (48) F 
G2 11 (24) G G4 25 (43) G 

• 60-Pin Flat Package Pin # in ( 

Digit Assignment 

04 03 02 01 ,, ,, ,, ,, ........ 
*LI LI LI LI 
*I.e. E4 
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PRODUCT INFORMATION 

TSC7211A 
~~~~~~~~~~~T~S~C7212A 
Typical Operating Characteristics 

1 

TSC7211A Operating Supply 
Current as a Function of 

Supply Voltage 
JO 

TSC7211A 
LCD DEVICES, TEST CIRCUIT 
DISPLAY BLANK I 

25 PIN 36 OPEN 

l 
TA=-20°g_ I 

20 

I 

TSC7211A Backplane 
Frequency as a Function 

of Supply Voltage 
lBO ,-T-,SC-72...,.11-A-,-.,--,......,--,--,..-,--.lr-,,::or--i 

~~~ ~~YdCES +-..--t-1--t-T>" VT-t--1 

150 1--l-+-+-+---+--+--+--+.A-.-.+--+--t--t A cosc=o 
1--l-+-+-+---+--tl.LJ----;,<--+(p! Jj_OP_j_N) 

120 ~ ~ 

TSC7212A LED Segment 
Current as a Function 

of Output Voltage 
15 .--~~--,..-.---.--.-.....---.--..--,-..., 

TSC7212A 

PIN 5 ATV+ TT-t-t-H-t---t---1 
TA=25"C ~ 

A V+-6V 

10 t-t--t-->L.~-t--r--t--r-;--r-t--t 
.L -v J(L 

TA• 25°C JLlL. ~ 90 1-+-++'4v-+-'r-t-:::;;*"'....d""~~ 
~ , A cosc=22pF 

~ 15 
~ V+=SV 

9 

10 8 60 1--+---+----+-.IL.."'1:+V°1--+----l--l--l---+---l--I ,,. ~ V+•4V 

~ TA•70°C 

~v 

V+ VOL TS 

TSC7212A LED Segment 
Current as a Function of 

Brightness Control Voltage 
12 

TSC7212A [2 
SEGMENT OUTPUT AT +JV 

10 
TA= 25°C 

v 
lZ 

¥ 
Jl 

IL 
_L 

..L. 
LL v 

VPIN 5 VOL TS 

V+ VOLTS 
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TSC7212A Operating Power 
(LED Display) as a Function 

of Supply Voltage 
1800 

TSC7212A 
LED DEVICES 
DISPLAY ALL EIGHTS I 
LED FORWARD VOLTAGE DROP 
VFLED = 1.7V li PIN5ATV+ 

1500 

TA=25°C 

v 1200 

~ 
.Y 

900 

600 k'. y 
, 

300 

5 
V+ VOL TS 



TSC7211A 
TSC7212A 
Basic Operation 

Basic Operation 
TSC7211A (LCD} Decoder/Driver 
The TSC7211 A drives four digit by seven segment LCD 
displays. The device contains 28 individual segment drivers, 
a backplane driver, an on chip oscillator and a divider chain 
to generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver contain 
ratioed N and P channel transistors for identical "ON" 
resistance. The equal resistances eliminate the d.c. output 
driver component resulting from unequal rise and fall times. 
This ensures maximum LCD display life. 

The backplane output driver can be disabled by grounding 
the oscillator input (pin 36). The 28 output segment drivers 
can therefore be synchronized directly to an input signal 
at the backplane terminal (pin 5). Several slave devices 
may be cascaded to the backplane output of a master device. 
The backplane signal may also be derived from an external 
source. These features permit interfacing to single back
plane LCD displays with characters in multiples of four. 

Each slave's backplane input represents only a 200 pf capa
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display 
backplane capacitive load. The master backplane output will 
drive the display backplane of 16 one-half inch characters 
with rise and fall times under 5 µsec. This represents a system 

FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 

with 3 slave devices and a fourth master TSC7211 A driving 
the backplane. 

If more than four devices are slaved together, the backplane 
signal should be derived externally and all TSC7211A 
devices slaved to it. The external drive signal must drive 
a high capacitive load with 1-2 µsec rise and fall times. 
The backplane frequency is normally 125 Hz. At lower dis
play ambient temperatures the frequency may be reduced to 
compensate for display response time. 

The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre
quency. The oscillator frequency may be reduced by con
necting an external capacitor between the oscillator terminal 
(pin 36) and V+ (see typical operating characteristic curve). 

The free running oscillator may be overriden, if desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock's negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD's display's life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 µsec. The backplane disable sensing circuit will 
not respond to such a short signal. 

08 07 06 05 I 04 03 02 01 

8 DIGIT 
LCD DISPLAY 

DIGIT { ~~ ----~ 
SELECTS 04 --------------~ 

D3--------------~ 
D2---------------~ 
01----------------~ 

Figure 4: TSC7211A Driving 8 Digit LCD Display in 
Master Slave Configuration. 
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PRODUCT INFORMATION 

TSC7212A LED Decoder/Driver 
The TSC7212A directly drives four digit, seven segment, 
common anode LED displays. The 28 segment drivers are 
low leakage, current controlled, open drain N-channel MOS 
transistors. 

A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 
"ON" segments. The brightness voltage directly modulates 
the segment drivers "ON" resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kO to 1 mO) will 
minimize power consumption. 

The brightness input may also be operated digitally as a 
display enable. At a logic 1 the display is fully "ON" and at 
a logic O fully "OFF." The display brightness may be con
trolled by a logic signal of varying duty cycle also. When 
operating with LEDs at higher temperatures and/or higher 
supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation is 1 watt at 25°C. Derated 
linearly above 35°C to 500 mW at 70°C (-15 mW/°C above 
35°C). Power dissipation for the device is given by: 

where VFLEo is the LED forward voltage drop, lsea is segment 
current, and ns•a is the number of "ON" segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 
For applications requiring brighter LED displays see the 
TSC700A data sheet. 

F W(LEDANODESI 

100 k.11 - 1 MD HTNESS CONTROL 
(PJN 5) 

Figure 5: Brightness Control 

Input Configuration and Output Codes 
The TSC7211A/TSC7212A accept a four-bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 
30 (MSB). The binary input is decoded to the seven segment 
output known as "Code B." The output display format is 0-9, 
dash, E, H, L.,P and blank (see Table 1). The TSC7211A and 
TSC7212A will correctly decode binary and BCD true codes 
to a seven-segment output. 

10-29 

TSC7211A 
TSC7212A 

The TSC7211A/TSC7212A accept multiplexed binary or 
BCD input data at pins 27 (LSB) through pin 30 (MSB). Pins 
31 (LSD) through 34 (MSD) are the digit select lines. When 
the digit select line is taken to a logic 1 level the input data 
is decoded and stored in the enabled output latch of the 
selected digit. More than one digit select line may be acti
vated simultaneously. The same character will be written into 
all selected digits. See Figure 5 for decoder segment 
assignments. 

BINARY INPUT CODE B 
TSC7211A 

B3 B2 B1 BO TSC7212A 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 -
1 0 1 1 E 
1 1 0 0 H 
1 1 0 1 L 
1 1 1 0 p 
1 1 1 1 (Blank) 

Table I: Output Code 

Figure 6: Segment Assignment 

Special Order Decoder Option 
The TSC7211A and TSC7212A are mask programmed to give 
the 16 combinations of seven segment output codes. For 
large volume orders (50 k pieces minimum) custom decoder 
options are available. Contact factory for details. 

Applications Information 
The TSC7212A has two ground pins. These pins should be 
connected together. 



TSC7211A 
TSC7212A 
Applications Information (Continued) 

1 V+ 

LCD DISPLAY 

'------' 2-26 

28 SEGMENTS I 
AND BACKPLANE 

Figure 7: LCD Display Interface to 4 Digit Counter 

ov 

ICM7217 
IJI 

FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 

24 
V+ 

.-BACKPLANE 

'------------4'-!BP 
31 01 

32 02 

33 03 

34 04 

lf---l-+-+-------------~3~0 83 

36kf2 

aookn 

Figure 8: 4 1/2 Digit DPM Interfaced to LCD Display 
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PRODUCT INFORMATION 

Typical Applications 
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Figure 9: 4 1/2 Digit ADC Interfaced to LCD Display 
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TSC7211A 
TSC7212A 

FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 

Typical Applications (continued) 

PERIPHERAL 
INTERFACE 

/ 

i 1-------,t'-'--I DIGIT I SELECT 

6522 
VIA 

PORT 

IPORTBl 

ADDITIONAL 
1/0 

AL1------+--'---l INPUT 
DATA 

+5V 

Figure 11: LCD Display Interface to SY6522 VIA 
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Figure 12: Digital Scale with LCD Readout 
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PRODUCT INFORMATION 

TSC7211A 
TSC7212A 

~~~~~~~~ 

Typical Applications (continued) 
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~'°"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

BUS COMPATIBLE 
FOUR DIGIT CMOS DECODER/DRIVER 

FEATURES 
TSC7211AM (LCD DRIVER) 

• Four Digit Non-Multiplexed Seven Segment LCD 
Display Outputs with Backplane Driver 

• Input and Digit Select Data Latches 
• RC Oscillator On-Chip Generates Backplane Drive 

Signal 
• Eliminates DC Bias Which Degrade LCD Display Life 
• Backplane Input/Output Pin Permits Synchroniza

tion of Cascaded Slave Device to Master Backplane 
Signal 

• Binary and BCD Inputs Decoded to Code B (0 to 9, 
-, E, H, L, P, Blank) 

• Pin Compatible and Functionally Equivalent to 
ICM7211AM 

TSC7212AM (LED DRIVER) 
• 28 Current Limited Outputs Drive Common-Anode 

LEDs at 8 mA Per Segment 
• Input and Digit Select Data Latches 
• Brightness Input Allows Potentiometer Control of 

LED Segment Current. Pin Also Serves as Digital 
Display Enable 

• Same Input Configuration and Output Decoding as 
the TSC7211AM 

• Pin Compatible and Functionally Equivalent to 
ICM7212AM 
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TSC7211AM 
TSC7212AM 

BUS COMPATIBLE 
FOUR DIGIT CMOS DECODER/DRIVER 

GENERAL DESCRIPTION 
The TSC7211AM (LCD Decoder/Driver) and 

TSC7212AM (LED Decoder/Driver) are CMOS direct 
drive, four digit, seven segment display decoder and 
drivers. The devices are bus compatible making micro
processor controlled displays possible. Two chip select 
signals control data and digit select code latching prior 
to decoding and display. External data latches are 
unnecessary. 

The TSC7211AM drives conventional LCD 
displays. An RC oscillator, divider chain, backplane 
driver, and 28 segment outputs are provided on a single 
CMOS chip. The segment drivers supply square waves 
of the same frequency as the backplane but in phase 
for an OFF segment and out of phase for an ON 
segment. The net d.c. voltage applied between driver 
segment and backplane is near zero maximizing display 
lifetime. 

The TSC7212AM drives common-anode LED 
displays with 28 current controlled, low leakage, open 
drain, N-Channel output transistors. The brightness 
control input can be used as a digital display enable. A 
varying voltage at the control input will allow continuous 
display brightness control. 

The four bit binary input code is decoded into 
the seven segment alphanumeric code known as 
"Code B". The "Code B" output format results in a Oto 9, 
-, E, H, L, Porblankdisplay. True BCD or binary inputs 
will be correctly decoded to the seven segment display 
format. 

Ordering Information 

Driver 
Part No. Type Package 

40-Pin 
TSC7211AMIPL LCD 

Plastic 

40-Pin 
TSC7212AMIPL LED 

Plastic 

TSC7211AM/Y LCD DICE 

TSC7212AM/Y LED DICE 

Pin Configuration 
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Output Input 
Code Config. 

Data and 
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Data and 
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Data and 
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81 INPUTS 
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PRODUCT INFORMATION 

Functional Block Diagram 

TSC7211AM 

DATA I INPUT 

DIGIT I SELECT 
INPUT 

CHIP SELECT 1 

04 
SEGMENT OUTPUTS 

03 
SEGMENT OUTPUTS 

OSCILLATOR 
16KHz 
FREE· +128 

OSCILLATOR 36 RUNNING 
INPUT <>"'~------------....._ ___ _. 

ENABLE 

02 
SEGMENT OUTPUTS 

BACK· 
PLANE 
DRIVER 

BACKPLANE 

DETECTOR 1---------------~ 

Functional Block Diagram 

TSC7212AM 

27 

DATA I INPUT 

DIGIT I 
SELECT 
INPUT 

GND~ 

FOUR 
BIT 
LATCH 

04 
SEGMENT OUTPUTS 

03 
SEGMENT OUTPUTS 
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TSC7211AM 
TSC7212AM 

BUS COMPATIBLE 
FOUR DIGIT CMOS DECODER/DRIVER 

Absolute Maximum Ratings 
Power Dissipation (Note 1) ••••..•..•..... 1.0 Wat 70°C 
Supply Voltage • • . . . • . . • . . . . . • . . . . . . . . . . . . . . . . . . . . 6.5 V 
Input Voltage (Any 
Terminal) (Note 2) ..•••.•.•• v• +0.3 V, GROUND -0.3 V 
Operating Temperature Range .........• -20° C to +85° C 
Storage Temperature Range .......... -55°C to +125°C 
Lead Temperature (Soldering 10 sec.) •..•....••.. 300°C 
Stresses above those listed under absolute maximum ratings may cause 
permanent.damage to the device. These are stress rstingsonly, and functional 
operation of the device at these or any other conditions above those indicated 

_Table I: Operating Characteristics 
Test Conditions: All parameters measured with v+ = 5 v. 
TSC7211AM CharacterlsUcs (LCD Decoder/Driver) 

PARAMETER SYMBOL CONDITIONS 

Operating Voltage Range VsuPP 

Operating Current lop Display Blank 

Oscillator Input Current losc1 Pin 36 

Segment Rise/Fall Time tRFS CL= 200 pF 

Backplane Rise/Fall Time tRFB CL= 5000 pF 

Oscillator Frequency lose Pin 36 Floating 

Backplane Frequency feP Pin 36 Floating 

TSC7212AM Characteristics (Common-Anode LED Decoder/Driver) 

PARAMETER SYMBOL CONDITIONS 

Operating Supply Voltage Range VsuPP 

Operating Current Pin 5 (Brightness), 

in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
Note 1: This limit refers to that of the package and will not be realized during 

normal operation. 
Note 2: Due to the SCA structure Inherent in the CMOS process, connecting 

any terminal to voltages greater than v• or less than GROUND may 
cause destructive device latchup. For this reason it is recommended 
that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, 
and that in multiple supply systems, the supply to the TSC7211 AM/ 
TSC7212AM be turned on first. 

MIN TYP MAX UNIT 

3 5 6 v 
10 50 µA 
±2 ±10 µA 
0.5 µA 
1.5 µs 

16 kHz 

125 Hz 

MIN TYP MAX UNIT 

4 5 6 v 

Display Off lop Pins 27-34 = GROUND 10 50 µA 

Operating Current lop Pin 5 at V+, Display all B's 

Segment Leakage Current ISLK Segment Off 

Segment On Current ISEG Segment On, Vo = +3 V 

Input Characteristics (LCD and LED Decoder/Driver) 

PARAMETER SYMBOL CONDITIONS 

Logical "1" Input Voltage V1H 

Logical "O" Input Voltage V1L 

Input Leakage Current hLK Pins 27 - 34 

Input Capacitance C1N Pins 27 - 34 

BP/Brightness Input Leakage IBPLK Measured at Pin 5 with Pin 36 
atGND 

BP/Brightness Input Capacitance Cep1 All Devices 

AC Characteristics (LCD and LED Decoder/Driver) 

PARAMETER SYMBOL CONDITIONS 

Chip Select Active Pulse Width tcsA Note 1 

Data Setup Time tos 
Data Hold Time toH 
Inter-Chip Select Time tics 

Note: 
1. Other Chip Select (CS) is either held at logic zero or both CS1 and CS2 

driven together. 
1o-38 

200 mA 

±0.01 ±1 µA 
5 8 mA 

MIN TYP MAX UNIT 

3 v 
v 

±0.01 ±1 µA 
5 pF 

±0.01 ±1 µA 
200 pF 

MIN TYP MAX UNIT 

200 ns 

100 ns 

10 0 ns 

2 µS 



PRODUCT INFORMATION 

Timing Diagrams 

ra 
(CS1) 

DATA AND 
DIGIT SELECT 
CODE ~:..,;...:..,;...'-"-'-"-' 

~DON'TCARE 

Figure 1: BUS Interface Timing Diagram (LED or LCD) 

OSCILLATOR n rT 
FREQUENCY _J LI 1JUUlf '1Il.Jlf WW 

BACKPLANE ~128 CYCLES---..1 

INPUT/OUTPUT ----~1 I L__ 
~ 64 CYCLES ~64 CYCLES~ 

OFF SEGMENTS ----...;, I L_ 

ON SEGMENTS ____ _.I r--
Figure 2: LCD Display Waveforms 

Input Definitions 
In this table, V +and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

INPUT TERMINAL CONDITION FUNCTION 

BO 27 V + Logical One 
Ones (Least Significant) GND =Logical Zero 

} B1 28 V+ = Logical One 
Twos GND = Logical Zero 

V+ = Logical One 
Data Input Bits 

B2 29 
GND = Logical Zero Fours 

B3 30 
V+ = Logical One 

Eights (Most Significant) GND = Logical Zero 

osc Floating or with Oscillator Input 
(LCD Devices 36 external capacitor 
only) GROUND Disables BP output devices, allowing segments to be syn-

chronized to an external signal input at the BP terminal (Pin 5) 

DS1 31 V+ = Logical One Digit Select Inputs 
DS2, DS1 = 00 Selects D4 
DS2, DS1 = 01 Selects D3 

DS2 32 GND = Logical Zero DS2, DS1 = 10 Selects D2 
DS2, DS1 = 11 Selects D1 

CS1 33 V+ = Inactive 
When both CS1 and CS2 are low the data and digit select 
input latches are~n or enabled. 

CS2 34 GND =Active 
On the rising of CS1 or CS2 data is latched, decoded 
and stored in the output drive latches. 
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TSC7211AM 
TSC7212AM 
Output Definitions 

BUS COMPATIBLE 
FOUR DIGIT CMOS DECODER/DRIVER 

Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

OUTPUT TERMINAL FUNCTION OUTPUT TERMINAL FUNCTION 

A1 37 A Segment Dr. Digit 1 

'T 
A3 13 A Segment Dr. Digit 3 

81 38 8 

l l 
83 14 8 

l l 
C1 39 c C3 15 c 
D1 40 D D3 16 D 
E1 2 E E3 17 E 
F1 4 F F3 19 F 
G1 3 G G3 18 G 

A2 6 A Segment Dr. Digit 2 A4 20 A Segment Dr. Digit 4 (MSD) 
82 7 8 

l l 
84 21 8 

l l l 
C2 8 c C4 22 c 
D2 9 D D4 23 D 
E2 10 E E4 24 E 
F2 12 F F4 26 F 
G2 11 G G4 25 G 

Digit Assignment 

04 03 02 01 

A 
~ ,, ,, ,, ,, Ff aJe .. *,, ,, ,, ,, El 'C -- -- -- -- --0 

*i.e. E4 
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PRODUCT INFORMATION 

Typical Operating Characteristics 

TSC7211AM 
TSC7212AM 

TSC7211AM Operating Supply 
Current as a Function of 

Supply Voltage 

TSC7211AM Backplane 
Frequency as a Function 

of Supply Voltage 

TSC7212AM LED Segment 
Current as a Function 

of Output Voltage 
TSC7211AM 
LCDDEVICES 
DISPLAY BLANK I 

25 PIN 36 OPEN -+--+--+--1---1---+---J 

201--1--1--t-+-+-+-'rA-·r-~-0~'fl--1-c'.-+--~ 
_i_l 

101--l--lf-l,t_,......-+-+-+-+-+--+--+-~ 
..l1 I--+-120 .k::l .... d:_ 
V k::'. V+-5V 

:l! •o t-t-+-+.....t-V--t-1--h~.......t"''±:-::':~ 
' ~ case= 22pF 

60f--l--l--1-=-"~...-1+F"i-+-+-+-+-+--+-~ 
--

V+ VOLTS V+ VOL TS Vo VOLTS 

12 

10 

0 

Basic Operation 

TSC7212AM LED Segment 
Current as a Function of 

Brightness Control Voltage 
TSC7212AM 2l SEGMENT OUTPUT AT +3V 
TA= 25°C 

vi 
IZ 

.L 

ll 
lLl 

_LJ 
,ll 

A 
J..-1 

0 

VPIN5 VOLTS 

TSC7211AM (LCD) Decoder/Driver 
The TSC7211AM drives four digit, seven segment LCD dis
plays. The device contains 28 individual segment drivers, a 
backplane driver, a self contained oscillator and a divider chain 
to generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver contain 
ratioed N and P channel transistors for identical "ON" resis
tance. The equal resistances eliminate the d.c. output driver 
component resulting from unequal rise and fall times. This 
ensures maximum LCD display life. 

The backplane output driver can be disabled by grounding 
the oscillator input (pin 36). The 28 output segment drivers 
can therefore be synchronized directly to an input signal at 
the backplane terminal (pin 5). Several slave devices may be 
cascaded to the backplane output of a master device. The 
backplane signal may also be derived from an external 
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TSC7212AM Operating Power 
(LED Display) as a Function 

of Supply Voltage 
1800 

TSC7212AM 

'+ LED DEVICES 
DISPLAY ALL EIGHTS 
LED FORWARD VOLTAGE DROP 

~ VFLEO = 1.7V 
PIN SAT V+ 
TA =25°C 

v 

1500 

1200 

v x w 900 

k'.j 
xi 

~ 
600 

... 
300 

5 
V+ VOLTS 

source. These features permit interfacing to single back
plane LCD displays with characters in multiples of four. 

Each slave's backplane input represents only a 200 pF capa
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display back
plane capacitive load. The master backplane output will drive 
the display backplane of 16 one-half inch characters with rise 
and fall times under 5 µsec. This represents a system with 3 
slave devices and a fourth master TSC7211AM driving the 
backplane (Figure 3). 

If more than four devices are slaved together, the backplane 
signal should be derived externally and all TSC7211AM 
devices slaved to it. The external drive signal must drive a 
high capacitive load with 1-2 µsec rise and fall times. The 
backplane frequency is normally 125 Hz. At lower display 
ambient temperatures the frequency may be reduced to 
compensate for display response time. 



TSC7211AM 
TSC7212AM 

BUS COMPATIBLE 
FOUR DIGIT CMOS DECODER/DRIVER 

The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre
quency. The oscillator frequency may be reduced by con
necting an external capacitor between the oscillatorterminal 
(pin 36) and V+ (see typical operating characteristic curve). 

The free running oscillator may be overriden, if desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock's negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD's display's life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 µsec. The backplane disable sensing circuit will 
not respond to such a short signal. 

08 07 06 05104 03 02 01 

DIGIT I SELECT ______ ,.__ _______ __J 

Figure 3: TSC7211AM Driving 8-Digit LCD Display 
in Master Slave Configuration. 

TSC7212AM LED Decoder/Driver 
The TSC7212AM directly drives four digit, seven segment, 
common-anode LED displays. The 28 segment drivers are 
low leakage, current controlled, open drain N-channel MOS 
transistors. 

A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 
"ON" segments. The brightness voltage directly modulates 
the segment drivers "ON" resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kl1to1 Ml1)will 
minimize power consumption. 
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The brightness input may also be operated digitally as a 
display, enable. At a logic 1 the display is fully "ON" and at 
a logic 0 fully "OFF." The display brightness may be con
trolled by a logic signal of varying duty cycle also. When 
operating with LEDs at higher temperatures and/or higher 
supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation is 1 watt at 25°C. Derate 
linearly above 35°C to 500 mW at 70° C (-15 mW/° C above 
35° C). Power dissipation for the device is given by: 

p = (V+ -VFLED) (ISEG) (nsEG) 

where VFLED is the LED forward voltage drop, lsEG is segment 
current, and nsEG is the number of "ON" segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 

The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic 0. If brightness control is not needed, pin 5 should be 
tied to 5.0 V. 

F V+ (LED ANODES) 

100 kn 1 Mn HTNESS CONTROL 
- (PIN 5) 

Figure 4: Brightness Control 

Input Configuration and Output Codes 
The TSC7211AM/TSC7212AM accept a four bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 30 
(MSB). The output display format is Oto 9, -, E, H, L,P and 
blank (see Table 1). Segment assignments are shown in 
Figure 5. The TSC7211AM and TSC7212AM will correctly 
decode binary and BCD true codes to a seven segment out
put. 

The TSC7211AM and TSC7212AM are designed to interface 
with a data bus and display data under microprocessor con
trol. Four data input bits (Pins 27-30) and two digit select 
input bits (Pins 31, 32) are written into input buffer latches. 
The rising edge of either chip select causes data to be latched, 
decoded and stored in the selected digit output data latch. 
The two bit digit code selects the appropriate output digit 
latch. The four bit display data word is decoded to the "Code 
B" seven segment output format. 

For applications where bus compatibility is not required 
refer to the TSC7211A (LCD), TSC7212A (LED) and 
TSC700A (LED) four digit decoder driver data sheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. 



PRODUCT INFORMATION 

BINARY INPUT 

B3 B2 B1 BO 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Table 1: Output Code 

Package Outline 

CODE B 
TSC7211AM 
TSC7212AM 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
-
E 
H 
L 
p 

(Blank) 

A 

··~· •Llc -D 

Figure 5: Segment Assignment 

Special Order Decoder Option 
The TSC7211AM and TSC7212AM are mask programmed to 
give the 16 seven segment output codes. For large volume 
orders (25 k pieces minimum) custom decoder options are 
available. Contact factory for details. 

Applications Information 
The TSC7212AM has two ground pins. These pins should be 
connected together. 

40-Pin Plastic Dual-In-Line Package 
P Package 

(Package #17) 
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..,'°'TEL ED YN E 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 

SIMPLIFIED SCHEMATIC 

SERIAL 
DATA 
INPUT 

v+ LOGIC GROUND 

FEATURES 
• High Voltage Outputs: 20 V (TSC9403), 15 V 

(TSC9404) 
• High Output Current Sink Capability: 60 mA 
• Low Standby Power: 20 mW 
• High Speed Operation: 3.0 MHz 
• 16 Parallel Outputs 
• Cascading Possible for Longer Data Words 

22 SERIAL 
DATA 
OUTPUT 

-"v~v'\,- - --(.) VB 

RLOAD 

NOTE: LOGIC 1 SERIAL DATA INPUT BIT TURNS OUTPUT NMOS ON. 
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TSC9403 
TSC9404 
GENERAL DESCRIPTION 

The Teledyne Semiconductor TSC9403 and 
TSC9404 are serial input, 16-bit parallel output shift 
registers. High output power MOS switching transistors 
make the TSC9403 and TSC9404 ideal interface circuits 
between microprocessor 1/0 ports and high current/ 
voltage peripherals. The CMOS construction limits 
quiescent power dissipation to 20 mW. 

The TSC9403 common source, open drain 
MOS outputs sustain 20 V in the OFF state and 
maintain leakage currents under 100 µA. The TSC9404 
outputs are rated at 15 V. The 16 parallel outputs will 
continuously sink 60 mA. (VsAT :::; 0.5V). 

Successive connection of serial data outputs 
to serial data inputs make longer length serial to 
parallel conversions possible. Device cascading makes 
the TSC9403 and TSC9404 ideal thermal printhead or 
high resolution LED bar graph drivers. 

Applications 
• Incandescent Lamp Driver 
• Thermal Printhead Driver 
• LED Bar Graph Driver 
• High Current, Microprocessor Serial Port Expander 
• Relay/Solenoid Driver 
• Tungsten Lamp Driver 
• SCA Gate Driver 

SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 

Ordering Information 

Temperature Output 
Part No. Package Range Voltage 

TSC9403CJ 
24-Pin 

0°c to 70°C 20 v Epoxy Dip 

TSC94031L 
24-Pin 

-25°C to 85°C 20 v 
CerDIP 

TSC9404CJ 
24-Pin 

0°C to 70°C 15 v Epoxy Dip 

TSC94041L 
24-Pin 

-25°C to 85°C 15 v 
CerDIP 

TSC9404ML 
24-Pin 

-55°C to 125°C 15 v 
CerDIP 

Pin Configuration 

SERIAL DATA INPUT V' 

LOGIC GROUND CLOCK 

01 SERIAL DATA OUTPUT 

o, o,. 
03 015 

04 014 

OUTPUT GROUND 7 013 

05 OUTPUT GROUND 

o, 012 

07 011 

o, 010 

OUTPUT GROUND Clg 
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PRODUCT INFORMATION 

Absolute Maximum Ratings 
Supply Voltage (V+ to Logic Ground) ............. 7.0 V CerDIP Package .................... 0.4 W@ +125°C 
Digital Logic Input Voltage ....................... 5.5 V Epoxy Package ......................... 1 W@ 70°C 
Parallel Output Drain Voltage ...................... 22 V Operating Temperature 
Parallel Output Drain Current .................... 80 mA CerDIP Package (IL) ............ -25°C s TA s +85°C 
Logic Ground to Output Ground CerDIP Pacakge (ML) .......... -55°C s TA s +125°C 

Potential Difference .......................... 100 mV Epoxy Package (CJ) . . . . . . . . . . . . . . . 0° Cs TA s +70° C 
Package Power Dissipation Storage Temperature ............. -65° Cs TA s +150° C 

CerDIP Package ........................ 1 W@ 85°C Lead Temperature (Soldering, 60 Sec) ........... +300°C 

Electrical Characteristics (Vs = 5.0 V, 0° cs TA s +70° c for TSC9403CJ, TSC9404CJ and -25° cs TA +85° c for 
TSC94031L, TSC94041L, and -55°C to +125°C for TSC9404ML unless otherwise stated). 

PARAMETER 

Output ON Voltage 

Output OFF Voltage 

Output Sink 
Current 

Output Leakage 
Current 

Logic "1" 
Input Voltage 

Logic "O" 
Input Voltage 

Logic "1" 
Input Current 

Logic "O" 
Input Current 

Input Capacitance 

Serial Output 
Logic "1" Voltage 

Serial Output 
Logic "O" Voltage 

Serial Input 
Data Hold Time 

Serial Input 
Data Set-up Time 

Clock Frequency 

Clock Pulse Width 

Parallel Output 
Low to High 
Transition Time 

Parallel Output 
High to Low 
Transition Time 

Serial Output 
Low to High 
Transition Time 

SYMBOL 

VsAT 

Vs 

1/0 

lox 

V1NH 

V1NL 

l1NH 

ii NL 

C1N 

VoH 

VoL 

toH 

tos 

tcp 

tpw 

tPLH 

tPHL 

tsLH 

CONDITIONS 

lo= 60 mA 
Vs= 4.75 V 

TSC9403 

TSC9404 

VsAT S 0.5 V 
(Note 1) 

Vs= 4.75 V 
Vs = 20 V (TSC9403) 
Vs= 15 V (TSC9404) 

Vs= 5.25 V 

Vs= 5.25 V 

Vs= 5.25 V 

V1NL= 0.4 V 
Vs= 5.25 V 

V1NL = 0 V 

IOH = 400 µA 
loH = 10 µA 

IOL = 5 mA 

VB = 20 V (TSC9403) 
Vs= 15 V (TSC9404) 
RL = 330 f1 
CL= 25 pF 

Vs = 20 V (TSC9403) 
VB= 15 V (TSC9404) 
RL = 3300 
CL= pF 

loH = 400 µA 
CL= 25 pF 
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TSC9403/TSC9404 
MIN TYP MAX UNITS 

0.35 0.5 v 

20 v 
15 v 

60 mA 

100 µA 

3.3 v 

0.8 v 

20 µA 

400 µA 

15 pF 

2.4 v 
4.5 v 

0.4 v 

20 0 ns 

100 70 ns 

3 5 MHz 

150 100 ns 

150 ns 

200 ns 

150 ns 

Ill 



TSC9403 
TSC9404 
Electrical Characteristics (Cont.) 

PARAMETER SYMBOL 

Serial Output 
High to Low tSHL 
Transition Time 

Operating 
Vs Supply Voltage 

Quiescent 
Power Supply Is 

Note 1: Maintain Chip Temperatures 150°C. 

Timing Diagrams 

CLOCK 

SERIAL 
DATA 
INPUT 

CONDITIONS 

loL = 5 mA 
CL= 25 pF 

Vs= 5.25 V 
fc = o Hz 
VIHL = 0 V 
lo= o mA 
Pin 22 Open 

-

DATA 
TRANSITIONS 
ALLOWED 

a) Serlal Input Data Hold and Set-up Time 

I 
I 

__ :J50% 
I :•L"· I 

I \s0% 
I l"-·---
1~1 

CLOCK 

SERIAL 
OUTPUT 

b) Serial Output Transition Time 

~ 
~ I I 

I· tPHL ' .. 1 

CLOCK~ 
I 
I 

PARALLEL I ~ 
OUTPUT -+--Ii--.. 

~ 

c) Parallel Output Transition Time 
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SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 

TSC9403/TSC9404 

MIN TYP MAX UNITS 

75 ns 

4.75 5.0 5.25 

1.0 4.0 

Function Table 

DATA PARALLEL OUTPUTS 
INPUT 

DN 

x 

H 

L 

L =Logic O 
H =Logic 1 

CLOCK 
INPUT 01 

L o; 

_r L* 

_r H' 

L • = Output NMOS ON 
H' =Output NMOS OFF 

X = Don't Care 

02 

D2 

D1 

Di 

f= Transition from Low to High 

03 •.. 01& 

D3 ..• D1a 

52 ... D15 

52 D15 

D1, D2, ... D16 = Data Inputs at Clock Time T-N. 
Data Is Inverted at the Parall.el Outputs. 

v 

mA 



PRODUCT INFORMATION 

Applications 

Microprocessor Controlled LED Bar 
Graph Display 

SINGLE BOARD MICROCOMPUTER 
(SYM-01) 

I - 6622 ViA - --, 

I I 
CB2 CBl 

SERIAL 
DATA 
INPUT 

CLOCK 

"" TSC 9404 
v•1----~ 

a, 01 GNO 

0-----D 
LED BAR GRAPH DISPLAY 

Package Outline 

Plastic Dip 
(Package #12) 

l 
ii 

Ve 

.............................. """""""'J 

~~ --~ ffi=1 
'.8li ~~ :MS.l l- _JY!t:H! 1~~--1 

Thermal Printhead Driver 
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STROBE • 
LINES 

SERIAL 
INPUT 
DATA 

Ve 

PRINT VOLTAGE 

THERMAL PAINTHEAO 

a, 02----015 

DATA SERIAL DATA 
INPUT"" OUTPUT INPUT "" GND 

-= 

V+ 
TSC 9403 

CerDIP 
(Package #14) 

v• GND 

TSC 9403 

+5V -= 

Ill 
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'11'°' TELEDYNE 
SEMICONDUCTOR 

TSC9405 
16-BIT PARALLEL LATCHED OUTPUT 
PERIPHERAL DRIVER 

80 

70 

60 

1 50 

I 40 
..!i 

30 

20 

10 

0.05 0.1 0.15 0.2 0.25 0.3 
VouT (VJ 

FEATURES 
• High Voltage Outputs . . . . . . . . . . . . . . . . . . . 1 SV 
• High Output Current Sink Capability . . . 60 mA 
• Low Standby Power .................... 1 mW 
• High Speed Operation . . . . . . . . . . . . . . . 3.0 MHz 
• 16 Latched Parallel Outputs 
• Cascading Possible for Longer Data Words 
• Dual-Rank Latches and STROBE Input for Ripple

free Data Update 
• OUTPUT ENABLE Input Disables Outputs With

out Corrupting Data 

FUNCTIONAL DIAGRAM 

CLOCK 23 

SERIAL 
DATA 
INPUT 

STROBE 2 
12 

OUTPUT 
ENABLE 

V's 

24 

...,..... TSC9405 

SERIAL 
~-~~DATA 

...,._._T""""--r-"'-r--'-.,--L-r-..i......,--'--,.--L--.-...__,--'-...,....J'--,-...L...,~...,....J'--,-....L..........1 OUTPUT 

GROUND 

o.+t-_..+-+~~-~~--+-"~-->+-<o++_.._,_....,.__.M-+_....f--''--l-'-'--0 GROUND 

3 4 6 8 9 10 11 13 14 15 16 18 19 20 21 

a, a. a. a. a. a. o, 

RLOAO ~--------
Ve 
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TSC9405 

GENERAL DESCRIPTION 
The Teledyne Semiconductor TSC9405 is a serial 

input, 16-bit parallel latched output shift register. Master 
slave data latches and high output power MOS switching 
transistors combine to make the TSC9405 an ideal 
interface circuit between microprocessor 1/0 ports and 
high current/voltage peripherals. The CMOS construc
tion limits quiescent power dissipation to 1 mW. 

The TSC9405 common source, open drain MOS 
outputs sustain 15 V. in the OFF state and maintain 
leakage currents under 100 µA. The low output ON 
resistance allows all 16 channels to simultaneously sink 
60 mA with .a saturation voltage of 0.5 V maximum and 
power dissipation of 480 mW. Typical power dissipation 
of 16 channels sinking 60 mA is only 325 mW. 

Dual rank latches and a STROBE input permit 
glitch-free data updating. With the STROBE input high, 
data is entered into master latches on each rising edge of 
the CLOCK input. When STROBE is brought low, data is 
transferred to the slave latches simultaneously. An 
OUTPUT ENABLE (OE) input is also included, so that all 
outputs can be turned off. Both STROBE and OUTPUT 
ENABLE are asynchronous, level-sensitive inputs. 

Successive connection of serial data outputs to 
serial data inputs make longer length serial to parallel 
conversions possible. Device cascading makes the 
TSC9405 an ideal thermal printhead, high resolution 
LED bar graph, or incandescent lamp driver. 

NEW PRODUCT INFORMATION 

Applications 

• Incandescent Lamp Driver 
• Thermal Printhead Driver 
• LED Bar. Graph Driver 
• High Current; Microprocessor Serial Port Expander 
• Relay/Solenoid Drive~ 
• Tungsten Lamp Driver 
• SCR Gate Driver 

Pin Configuration 

SERIAL DATA INPUT 

STROBE 

a1 
02 

03 

04 

GROUND 

05 

Os 

07 

Os 
OUTPUT ENABLE 

ORDERING INFORMATION 
Part Package 

TSC9405CPG 24-Pin Epo~ Dip 

TSC94051JG. 24-Pin CerDip 

_.,f' TSC9405 
v·. 
CLOCK 

SERIAL DATA OUTPUT 

015 

015 

a1• 
01:i 

GROUND 

012 

011 

010 

09 

Temp. Range Output 
Voltage 

0°Cto 70°C 15V 

-25°C to 85°C 15 v 
TSC9405MJG 24-Pin CerDip -55°C to 125°C 15 V 

TSC9405Y Chip 25°C 15 V 

Devices Available with MIL-STD-883 Processing 
TSC9405MJG/883 24-Pin CerDip -55°C to 125°C 15 V 
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16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 

TSC9405 

Absolute Maximum Ratings 
Operating Temperature Supply Voltage (V+s to Ground) . . . . . . . . . . . . . . . . . 7.0 V 

Digital Logic Input Voltage . . . . . . . . . . . . . . . . . . . . . 5.5 V 
Parallel Output Drain Voltage . . . . . . . . . . . . . . . . . . . 18 V 
Parallel Output Drain Current . . . . . . . . . . . . . . . . . 80 mA 
Package Power Dissipation 

CerDIP Package (IJG) ......... -25°C :::=TA:::: +85°C 
CerDIP Package (MJG) ........ -55°C s TA s +125°C 
Epoxy Package (CPG) ........... 0°C :::=TA:::: +70°C 

Storage Temperature ........... -65°C :::=TA:::= +150°C 
CerDIP Package ..................... 1 W @ 85°C Lead Temperature (Soldering, 60 Sec) ........ +300°C 
CerDIP Package . . . . . . . . . . . . . . . . 0.4 W @ 125°C 
Epoxy Package . . . . . . . . . . . . . . . . . . . . 1 W @ 70° C 

Electrical Charateristics v+s = s.ov TA 

OUTPUT 
SECTION 

SYMBOL 

VsAT 

VsAT 

Vs 

lo 

lox 

INPUT 
SECTION 

-

V1NH 

V1NL 

l1NH 

l1NL 

C1N 

VoH 

VoL 

PARAMETER 

Output ON Voltage 

Output ON Voltage 

TSC9405C 0°C to + 70°C 
TSC94051 -25°C to +85°C 
TSC9405M -55°C to +125°C 

TEST 
CONDITIONS 

lo= 60 mA 
v~ = 4.75 V, TA= 24°C 
(Note 2) 

lo= 60 mA 
Vs= 4.75 V TA= FULL 
(Note 2) 

Output OFF Voltage 

Output Sink VsAT S 0.6 V 
Current (Note 1) 

Output Leakage v+s= 4.75 v 
Current Vs= 15 V 

Logic "1" 
Input Voltage v+s= 5.25 v 

Logic "O" 
Input Voltage v+s= 5.25 v 

Logic "1" V1NH = 2.4 v 
Input Current v+s = 5.25 v 

Logic "O" V1NL = 0.8 v 
Input Current v+s = 5.25 v 

Input Capacitance V1N = 0 v 

Serial Output loH = 400µA 
Logic "1" Voltage loH = 10µ A 

Serial Output 
Logic "O" Voltage loL = 3.6 mA 
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TSC9405 
MIN TYP MAX UNIT 

.25 .4 v 

0.6 v 

15 v 

60 mA 

100 µA 

2.4 v 

0.8 v 

40 µA 

40 µA 

15 pF 

2.4 4.7 v 
4.5 4.98 v 

0.4 v 



NEW PRODUCT INFORMATION 

TSC9405 
TIMING 
SECTION 

SYMBOL 

toH 

tos 

fc 

tpw 

tPLH1 

tPHL1 

tPLH2 

tPHL2 

tPLHE 

tPHLE 

lsHL 

lsLH 

tspw 
SUPPLY 
SECTION 

Vs 

Is 

Notes: 

PARAMETER 

Serial Input 
Data Hold Time 

Serial Input 
Data Set-up Time 

Clock Frequency 

Clock Pulse Width 

Parallel Output 
Low to High 
Transition Time 

Parallel Output 
High to Low 
Transition Time 

Parallel Output 
Low to High 
Transition Time 

Parallel Output 
High to Low 
Transition Time 

Parallel Output 
Low to High 
Transition Time 

Parallel Output 
High to Low 
Transition Time 

Serial Output 
High to Low 
Transition Time 

Serial Output 
Low to High 
Transition Time 

Strobe Pulse Width 

Operating 
Supply Voltage 

Quiescent 
Power Supply 

1. Maintain die temperature :::; 150°C. 

TEST 
CONDITIONS 

TA= 25°C 

TA=25°C 

TA=25°C 

TA=25°C 

STROBE= LOW 
OE= LOW 
Note 3 and Figure 1 

STROBE= LOW 
OE= LOW 
Note 3 and Figure 1 

STROBE = ""\._ 
OE= LOW 
Note 3 and Figure 1 

STROBE= '-OE= LOW 
Note 3 and Figure 1 

STROBE = DON'T CARE 
OE= f 
Note 3 and Figure 1 

STROBE = DON'T CARE 
OE=""\.... 
Note 3 and Figure 1 

loL = 3.6 mA 
CL .= 25 pF TA = 25 

loH = 400µA 
CL = 25 pF TA = 25 

TA=25°C 

v+s = 5.25 v 
fc = 0 Hz 
V1NL = OV 
lo= 0 mA 
Pin 22 Open 

2. VsAr increases by 0.1 V when all outputs are sinking 
60mA due to internal ground drop and self-heating. 

3. Ve= 15 V, RL = 330 n, CL = 25 pF, TA= 25°C 
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MIN 

40 

50 

3 

150 

80 

+4.75 

TSC9405 
TYP 

20 

0 

5 

100 

+5.0 

50 

MAX UNIT 

ns 

ns 

MHz 

ns 

300 ns 

300 ns 

300 ns 

300 ns 

250 ns 

250 ns 

150 ns 

150 ns 

ns 

+5.25 v 

200 µA 



16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 

Figure 1. Timing Diagrams 

a) Serlarlnput Data Hold and Set-up time 

SO%j CLOCK~ 
: I 

WNso% I sgmL -f--vmm lt/Uf\.__-1t,__ ___ INPUT ~ 

~ ~ 
~DATA 
~TRANSITIONS 

ALLOWED 

b) Serial Output Transition Time 

50% 

I 
I 

CLOCK 

L.:f 50% 

-l k-
: ~ ... 50_"!._. -- SERIAL 

-.i ~ OUTPUT 

!sLH fsHL 

c)..1!1!11111 Outpu.t.Iransltlon Time 
(STROBE = Low, OE = Low) 

so°!:.J-' CLOCK ~ 

~--- ! ~ i 1C:_ PARALLEL ~ SO°lo 1.. .1 OUTPUT ~ 
tPHL 1 tPLH t 

dl.STROBE Input Transition Time 
(QE =Low) 

50% STROBE~ 
I 

50% PARALLEL ! ..Jl:1. 
OUTPUT -,::::::;i 

e) O!!TPUT ENABLE Transition Time 
(STROBE = Don't Care) 

tPLH2 

~QUIPUI~ I ENABLE I n I Ir 
0 PARALLEL-+-~IS SCO% 

OUTPUT ~ 

tPHLE tPLHE 
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TSC9405 

Function Table 

OE STROBE 

L L 

L L 

L L 

L H 

H x 
L =Logic o 
H =Logic 1 

DATA 

INPUT 
ON 

x 
H 

L 

x 
x 

L* =Output NMOS ON 
H* = Output NMOS OFF 
X = Don't Care 

CLOCK 
INPUT 

L 
_r 
_r 

x 
x 

f = Transition from Low to High 

PARALLEL OUTPUTS 

Q, 02 Q3 ... Q15 

D1 D2 03 .. .015 

L* D1 D2 .. .015 

H* o, D2 .. .D1s 

MAINTAINS LAST 
VALID STATE 

H* H* H* H* 

D,, D2, .. .015 = Data Outputs before the low-to-high 
transition of the clock. 

NOTE: OE and STROBE Inputs are level sensitive, 
not edge-triggered. 



NEW PRODUCT INFORMATION 

TSC9405 

APPLICATIONS 

Microprocessor Controlled LED Bar 
Graph Display 

SINGLE BOARD MICROCOMPUTER 
(SYM-01) 

i 6s2iViA- - - - - -1 1-------0 '5V 

I CB2 PB6 PB7 : 

SERIAL CLOCK STROBE 

~~~AT "''"· Q, TSC9405 Q,. GND 

0------D 1----------u v. 

LED BAR GRAPH DISPLJ\ Y 

Thermal Printhead Driver 
PRINT 
VOLTAGE Ve 

THERMAL PRINTHEAD 

SERIAL DATA ........ SERIAL ________ DATA ........ 
INPUT INPUT ,.'Ill OUTPUT INPUT ,.'Ill 
DATA TSC9405 TSC9405 

STROBE 
LINES 

GND 
OE 

V+ t----~------tV+ 
STROBE 

OE 
+5V 
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16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 

Package Outline 

P Package 
Plastic Dip 
(Package #12) 

I PIN1 

t 
I 

.555 
545 

..._..._.,~~ ........... J 

Bonding Diagram 

a,-

a,_ 

a,_ 

a,-

GROUND-

Q,_ 
a,_ 

Q,_ 

STROBE 

• 
SERIAL DATA 

INPUT 

• 

i I I 
Q, OUTPUT Q, 

ENABLE 

CLOCK 

* 

J Package 
CerDIP 
(Package #14) 

TSC9405 

0.620 
-0590-1 

! I 1_0.S10~1 ' -----1' ·o.5oo · 
0.0751 1.290 MAX ~~-~ I 
O.Q15 I ,_I -~----; 

I 1 mm
1 

_J_~ ~-
~.~~~ o.110J i~ o.010J _ J__, 0"-

150 

0.090 0.030 

-SERIAL DATA 
OUTPUT 

...--016 

....--01s 

.....--014 

....._013 

~012 

..__011 

..__010 

0.014 

1-------0.143 mils-------__.. 
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Power Control ICs 
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..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

CMOS CURRENT MODE 
SMPS CONTROLLER 

BLOCK DIAGRAM 

TSC170 
TSC171 

FEATURES 

• 
• • • • • • • • • • • • • • • 
• 

VREF 

2 

Low Supply Current with 
CMOS Technology .......... 3.8 mA Maximum 
Current Mode Control 
lntemal Reference . . . . . . . . . . . . . . . . . . . . . . 5.1 V 
Fast Output Rise/Fall Time (CL= 1000 pF) ... 50 ns 
Dual Push-Pull Outputs 
Direct Power MOSFET Drive 
High Totem Pole Output Drive . . . . . . . . . 300 mA 
Differential Current Sense Amplifier 
Programmable Current Limit 
Soft Start Operation 
Double Pulse Suppression 
Under-Voltage Lockout 
Wide Supply Voltage Operation . . . . . . 8 to 16 V 
High Frequency Operation . . . . . . . . . . . 200 kHz 
Plastic and CerDIP Package 
Available with Low (TSC170) or High (TSC171) 
"OFP' State Outputs 
Low Power, Pin Compatible Replacement for 
UC3846/3847 

r----------------------------------------------------------, 
I I 

VIN 151 5.1VOLT ••rsc110 I 
REFERENCE ,.1111111111 I 

I :13 •• ~·~I_,-~~~--, 
I 

Co 8: 
OSCILLATOR 

SYNCH o'°-+:--------<1-------f---o--~" 
-CURRENT SENSE 

INPUT 

+CURRENT SENSE 
INPUT 

+ERROR AMP 
INPUT 

-ERROR AMP 
INPUT 

I 
I 
I 
I 
I 
I 

03 

________ _J 

l---+--+--------o----lf---------;;c-01 CURRENT LIMIT/SOFTSTART ADJUST 

LOCK-UP 
AMPLIFIER 

3.5kn 

SHUTDOWN 
COMPARATOR 

I 
I 
I 
I 
I 
I 
116 

0------<>----1 -0 SHUTDOWN 

I 
350mV I 

I 
I 

TSC170: OUTPUTS LOW IN OFF STATE 
TSC171: OUTPUTS HIGH IN OFF STATE 

I I 
L----------------------------------------------------~ 
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TSC170 
TSC171 
GENERAL DESCRIPTION 

The TSC170/171 bring low power CMOS tech
nology to the current mode switching power supply 
controller market. Maximum supply current is 3.8 mA. 
Bipolar current mode control integrated circuits require 
five times more operating current. Low power supply 
current eliminates auxiliary power transformers. In off 
line powering schemes where a simple zener diode 
circuit provides device supply voltage, power dissipation 
is greatly reduced. CMOS technology decreases system 
cost, increases power efficiency, reduces heat gener
ation, and increases total system reliability. 

The dual totem pole CMOS outputs drive 
power MOSFET or bipolar transistors. The 50 ns 
typical output rise and fall times wtih a 1000 pF 
capacitive load minimize power MOSFET transition 
power dissipation. Output peak current is 300 mA. 

The TSC170/171 contain a full array of system 
protection circuits. The undervoltage lockout circuit 
forces outputs OFF if the supply voltage drops below 
7.0 V. A soft start feature is also available. The soft start 
option forces the PWM outputs to initially operate at a 
minimum duty cycle and low peak output current. The 
TSC170/171 can be directly turned OFF through a 
remote shutdown control pin. The shutdown mode can 
be latched (power must be turned OFF to restart 
system) or non-latched. The soft start feature can also 
be used in system shutdown application. Double 
output pulse suppression guarantees output drive 
pulses always alternate from one output driver to the 
other. Peak current is adjustable by the user. 

Current mode control lets users parallel power 
supply modules. Two or more TSC170/171 controllers 
can be slaved together for parallel operation. Circuits 
can operate from a master TSC170/171 internal oscil
lator or an external system oscillator. 

The TSC170/171 operate from an 8 V to 16 V 
power supply. An internal 2% 5.1 V reference minimizes 
external component count. The TSC170/171 is pin 
compatible with the Unitrode UC1846/2846/3846 and 
UC1847/2847/3847 bipolar controllers. 

Other advantages inherent in current mode 
control include superior line and load regulation and 
automatic symmetry correction in push-pu 11 converters. 
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CMOS CURRENT MODE 
SMPS CONTROLLER 

Ordering Information 

Part No. Package 

TSC170CPE 16-Pin Plastic DIP 

TSC1701JE 16-Pin CerDIP 

TSC170MJE 16-Pin CerDIP 

TSC171CPE 16-Pin Plastic DIP 

TSC1711JE 16-Pin CerDIP 

TSC171MJE 16-Pin CerDIP 

TSC170Y Chip 

TSC171Y Chip 

TSC1 ?OMSE/883 16-Pin CerDip 
TSC 1 ?0MSE/883 16-Pin CerDip 

Pin Configuration 

(-)CURRENT f~~Jf 3 

(+)CURRENT S_t;NSE 4 
INPUT 

11 OUTPUT A 

Operating 
Temperature 

Range 

0°c to 70°C 

-25°C to 85°C 

-55°C to 125°C 

0°c to 70°C 

-25°C to 85°C 

-55°C to 125°C 

-55°C to 125°C 
-55°C to 125°C 

(+) ERROR AMP INPUT 5 

{-)ERROR AMP INPUT 6 

COMPENSATION 7 10 SYNCHRONIZATION 

TSC170- OUTPUT LOW IN "OFF" STATE 
TSC171 - OUTPUT HIGH IN "OFF" STATE 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Supply Voltage (Pin 15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 V 
Output Voltage (Pin 13) ..................... Voe or 18 V 
Analog Inputs (Pins 3, 4, 5, 6, 16) . . -0.3 V to Vs + 0.3 V 
Storage Temperature Range ......... -65 °C to +150 •c 
Lead Temperature (Soldering, 10 Seconds) ..... +300 °C 
Maximum Chip Temperature .................... 150 °C 

CerDIP Package Thermal Resistance: 

TSC170 
TSC171 

rp,A (Junction to Ambient) • • • • • • • • • • • • • • • • • • 105 °C/W 
f/>Jc (Junction to Case) • • • • • • • • • • • • • • • • • • • • 60 °C/W 
Plasting Package Thermal Resistance: 
f/>JA (Junction to Ambient) • • • • • • • • • • • • • • • • • • 140 °C/W 
rf>,c (Junction to Case) • • • • • • • • • • • • • • • • • • • • 70 °C/W 
Operating Temp. Range 

Commercial • • • • • • • • • • • • • • • • • • • • O •c to + 10°c 
Industrial • • • • • • • • • • • • • • • • • • • • -25 ° C to +85°C 
Military • • • • • • • • • • • • • • • • • • • • • • -55°C to +125°C 

Electrical Characteristics: V1N = 16 V, Ro= 24 kn, Co= 1 nF, TA= 25 ·c Unless otherwise indicated. 

TYPE 

REFERENCE 

VOLTAGE 

OSCILLATOR 

ERROR 

AMPLIFIER 

CURRENT 
SENSE 
AMPLIFIER 

CURRENT 
LIMIT 
ADJUST 

SHUTDOWN 

TERMINAL 

OUTPUT 

STAGE 

UNDERVOLTAGE 
LOCKOUT 

SUPPLY 

TSC170/171 
NO. SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

2 

3 

4 VRTC 

5 

6 

7 

8 Vos 

9 Is 

10 VCMRR 

11 AvoL 

12 BW 

13 CMRR 

14 PSRR 

15 

16 

17 

18 

19 le 

20 VTB 

22 

23 

24 Voo 

25 VoL 

26 VOL 

27 VoH 

28 VoH 

29 IR 

30 IF 

31 

32 

33 Is 

Output Voltage lour= 1 mA 5.0 5.1 5.3 v 
Line Regulation V1N = 8 V to 16 V 

Load Regulation lour= 1 mA to 10 mA 

Temperature Coefficient Over Operating Temp. Range 

Oscillator Frequency 35 

Voltage Stability V1N = 8 V to 16 V 

Temperature Stability Over Operating Temp. Range 

Input Offset Voltage 

Input Bias Current 

Common-Mode Input Voltage V1N = 8 V to 16 V o 

Open-Loop Voltage Gain Vour = 1 V to 6 V 70 

Unity Gain Bandwidth 

Common-Mode Rejection Ratio VcMv =Oto 14 V 60 

Power Supply Rejection Ratio V1N = 8 V to 16 V 60 

Amplifier Gain 

Maximum Differential 
Input Signal 

Common-Mode Input Voltage 

Current Limit 
Offset Voltage 

Input Bias Current 

Threshold Voltage 

Input Voltage Range 

Minimum Latching 
Current at Pin 1 

Maximum Non-Latching 
Current at Pin 1 

Output Voltage 

Output Low Level 

Output Low Level 

Output High Level 

Output High Level 

Output Rise Time 

Output Fall Time 

Pin 3 =Oto 1.1 V 3.0 

0 

0.5 

0.3 

0 

125 

Pin 13 

IS!NK = 20 mA 

IS!NK = 100 mA 

lsoURCE = 20 mA Vs. -1 V 

lsoURCE = 100 mA vS -4.0V 

CL= 1000 pf 

CL= 1000 pF 

5 15 mV 

13 20 mV 

0.4 o.5 mvt•c 

42 46 kHz 

1.1 1.5 %/V 

5 10 % 

30 mV 

nA 

V$1-2V V 

dB 

1.2 MHz 

dB 

dB 

3.15 3.3 VIV 

.: 1.1 v 

Vs -3 v v 

v 

nA 

0.35 0.4 v 
Vs v 

µ.A 

50 µ.A 

Vs v 
0.4 v 
2.0 v 

v 
v 

50 150 ns 

50 150 ns 

Start-up Threshold 7.25 7.7 8.25 v 
Threshold Hysteresis 0.5 0.75 1.0 v 
Standby Supply Current 2.7 3.8 mA 
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Peak Current Limit Setup 
Resistors R1 and R2 at the current limit input (Pin 1) set the 
TSC170 peak current limit (Figure 1). ihe potential at Pin 1 is 
easily calculated: ' 

V1 = VREF 
R2 

R1 + R2 

R1 should be selected first.. The shutdown circuit feature is 
not latched for (VREF - 0.35)/R1<50 µA and is latched for 
currents greater tha,n 125 µA. 

The error amplifier output voltage is clamped from going 
above V1 through the limit buffer amplifier. Peak current is 
sensed by RS and amplified by the current amplifier which 
has a fixed gain of 3.15. 

IPCL, the peak current limit, is the current that causes the 
PWM comparator non-inverting input to exceed V1; the 
potential at the inverting input. Once the comparator trip 
point is exceeded both outputs are disabled. 

IPCL is easily calculated: 

1) IPCL= 

where: 

a) V1 = VReF 

V1 - .75 V 
3.15(RS) 

R2 

R1 + R2 

b) VReF =Internal voltage reference= 5.1 V 

c) 3.15 = gain of current sense amplifier 

d) 0.75 V = Current limit offset 

Both driver outputs (Pin 11 and Pin 14) are OFF (low) when 
the peak current limit is exc,eeded. When the sensed current 
goes below IPCL the circuit operates normally. 
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Output Shutdown 
The TSC170 outputs can be turned Off quickly through the 
shutdown input (Pin 16). A signal greaterthan 350.mV at Pin 
16 forces the shutdown comparator output high. The PWM 
latch is held set disabling the outputs. 

02 is also turned on. If VREF/R1 is greaterthan 125 µA, posi
tive feedback through the lock-up amplifier and 01 keeps the 
inverting PWM comparator inverting input below 0.75 V. 03 
remains on even after the shutdown input signal is removed 
because of the positive feedback. The state can be cleared 
only through a power-up cycle. Outputs will be disabled 
whenever the potential at Pin 1 is below 0.75 V. 

The shutdown terminal gives a fast, direct way to disable the 
TSC170 output transistors. System protection and remote 
shutdown applications are possible. 

The input pulse to Pin 16 should l\>e at least 500 ns wide and 
have an amplitude of at least 1 volt in order to get the minimum 
propagation delay from input to output. If these parameters are 
met then the delay should be less than 600 ns at 25 degrees 
celcius, however the delay time will increase as the device 
temperature rises. 

Soft Restart from Shutdown 
A soft restart can be programmed if non-latched shutdown 
operation is used. 

A capacitor at Pin 1 will cause a gradual increase in potential 
toward V1. When the voltage at Pin 1 reaches0.75Vthe PWM 
latch set input is removed and the circuit establishes a regu~ 
lated output voltage. The soft start operation forces the PWM 
output drivers to initially operate with minimum duty cycle 
arid low peak currents. 
Even if a soft start is not required, it will be necessary to insert a 
capacitor between Pin 1 and ground if the current IL is greater 
than 125 microamps. This cap will prevent "noise triggering" of 
the latch yet minimize the soft start effect. 
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SWITCH 

rRRENT 

RS 

X3.T5 CURRENT 
AMPLIFIER 

ERROR 
AMPLIFIER 

...,~ TSC170 

V' s 

V1 

350mV 

PWM COMPARATOR 

FROM 
~UNOERVOLTAGE 

_j_ LOCKOUT 

and R2 Set Maximum Peak Output Current Figure 1: R1 
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Soft Start Power-Up 
During power-up a capacitor at R1, R2 will initiate a soft start cycle. 
As the input voltage (Pin 15) exceeds the undervoltage lockout 
potential (7.7V), 04 is turned off ending undervoltage lockout. 
Whenever the PWM comparator inverting input is below 0.5 V 
both outputs are disabled. 

When the undervoltage lockout level is passed, the capacitor 
begins to charge. The PWM duty cycle increases until the 
operating output voltage is reached. Soft start operation 
forces the PWM output drivers to initially operate with mini
mum duty cycle and low peak current. 

Current Sense Amplifier 
The current sense amplifier operates at a fixed gain of 3.15. 
Maximum differential input voltage (VP1N 4 - VP1N 3) is 1.1 V. 
Common-mode input voltage range is 0 V to V1N - 3 V. 

Resistive sensing methods are shown in Figure 2. In Figure 
2A, a simple RC filter will limit transient voltage spikes at Pin 4 
caused by external output transistor collector capacitance. 
Transformer coupling in Figure 3 offers isolation and better 
power efficiency but cost and complexity increase. 

A. GROUND REFERENCE 

X3.15CURRENT 
SENSE AMP 

..,~TSC170 

R' 

•OPTIONAL RC FILTER 

B. ABOVE GROUND RESISTIVE SENSING 

Figure 2: Resistive Sensing 

l' 
Rs 

l 

In order to minimize the propagation delay from the input to the 
current amplifier to the output terminals the current ramp 
should be in the order of 1 micro second in width (min). Typical 
time delay values are in the 300 to 400 ns region at 25 degrees 
celcius. The delay time increases with device temperature so 
that at 50 degrees the delay times may be increased by as 
much as 100 ns. 
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Figure 3: Transformer Isolated Current Sense 

Undervoltage Lockout 
The undervoltage lockout circuit forces the TSC170 outputs 
OFF (low) if the supply voltage is below 7.7 V. Threshold 
hysterisis is 0.75 V. Hysterisis guarantees clean, jitter free 
turn-on and turn-off points. The hysterisis also reduces 
capacitive filtering requirements at the PWM controller 
supply input (Pin 15). 

Circuit Synchronization 
Current mode controlled power supplies can be operated in 
parallel with a common load. Paralleled converters will equally 
share the load current. Voltage mode controllers unequally 
share the load current decreasing system reliability. 

Two or more TSC170 controllers can be slaved together for 
parallel operation. Circuits can operate from a master 
TSC170 internal oscillator with an external driver (Figure 4). 
Devices can also be slaved to an external oscillator (Figure 5). 
Disable internal slave device oscillators by grounding Pin 8. 
Slave controllers derive an oscillator from the bi-directional 
synchronization output signal at Pin 10. 

Pin 10 is bidirectional in that it is intended to be both a sync 
output and input. This is accomplished by making the output 
driver "weak." This is advantageous in that it eliminates an 
additional pin from the package but does not enable the de
vice to directly drive another device. In order to make it an 
effective driver a buffer is required. (Figure 4) In order to use 
pin 10 as a sync input it is necessary to overcome the internal 
driver. This requires a pulse with an amplitude equal to Vee· 
Since Vee must be above 8.25 volts for the undervoltage lock
out to be disabled, a CMOS or open collector TTL driver should 
be used. 
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..--------1 "o 

MASTER 

Ro 

SLAVE 

Figure 4: Master/Slave Parallel Operation 

v• s 

.., ... TSC170 

"o 

lO SYNC 
.., ... TSC170 

"PULSE WIDTH OF OSCILLATOR IS~ TO 

Figure 5: External Clock Synchronization 

Oscillator Frequency and 
Output Dead Time 

SLAVE 

The oscillator frequency for Ro= 24 k!l and Co= 1000 pF is: 

TSC170 
TSC171 

.., ... TSC170 

SYNC COMP 

10 

.., ... 
1/2 TSC427 

10 

SYNC COMP 

Fo = f 1.27 _ 2800] ~ 
lf~oco Rbc~ Co+ 150 x 10-12 

where: Ro = Oscillator Resistor (!1) 

Co = Oscillator Capacitor (F) 

Fo = Oscillator Frequency (Hz) 

The oscillator resistor Ro can range from 5 k!l to 50 k!l. 

Oscillator capacitor Co can range from 250 pF to 1000 pF. 
Figure 7 shows typical operation for various resistance and 
capacitance values. 

During transitions between the two outputs simultaneous 
conduction is prevented. Oscillator fall ti me controls the out
put off or dead time (Figure 6). 

Delay time is approximately: 

To= 
2000 [Co] 

1 -(~·;) 

Where: Ro = Oscillator Resistor (k!l) 

Co= Oscillator Capacitor (F) 

To = Output Dead Time (sec.) 

Maximum possible duty cycle is set by the delay time . 
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PIN 10 

SYNC 

Figure 6: TSC170 Oscillator Circuit 

Typical Characteristic Curves 

Output Rise and Fall Time: 
CLOAD = 500 pf 

1111"' l 
I- TSC170/171 -r-, 

TA=25°C 

I- CLOAD = 500 pFIT 
V5= 16 V 

...) 

' 
1 •v DiV 

~-t--,\ IOIVI 

\: 

Output Rise and Fall Time: 
CLOAD = 1000 pf 

1111"' l f-rsc11011111-l+-h~Y-+--1l-+---i 
TA=25°C II 

~ cLOAD = 1000 pF _t/LLl-t-+-+--11--1 
Vg= 16V 

17 

PIN9 
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-TD - OUTPUT DEAD TIME 

[ 1.21 2aoo J Co [ J [ ] [ J Fo = (RoCol - R~ Co Co+ 150' Fa Hz , Ro n • Co F 

(Figure 7) 

Output Rise and Fall Time: 
CLOAD = 1800 pf 

1111"' y 
l-rsc1101111 I 
l- TA= 25°C v 

CLOAD = 1800 pv 
Vs= 16V 

.17 

~ 
J 5V 

DIV 

I-
[S 

.... 
-

1'".i ::r 

Oscillator Frequency 
vs Oscillator Resistance 

SO•r-TT'l~-,--,--..--.,.---,r--r-..--. 

451-+\.-lf---'-+----+--+ ..,~ i~~~~~~, 

O·~o-+-20,.....,,,40,......,J,___,~+.,.-,..,.....J._-J..._J__J 

OSCILLATOR FREQUENCY (kHz) 



..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC426 
TSC427 
TSC428 

DUAL POWER MOSFET DRIVER 

FUNCTIONAL DIAGRAM 

V+O---+----, 

-"'2.5 mA 

INPUT~ 

7 GNO 

FEATURES 
• High Speed Switching (CH = 1000pf) ..... 30ns 
• High Peak Output Current . . . . . . . . . . . . . . . 1.SA 
• High Output Voltage Swing ........ Vs - 25mV 

GND + 25mV 
• Low Input Current (Logic "O" or "1") . . . . . . 1µA 
• TTL/CMOS Input Compatible 
• Available in Inverting & Non-Inverting Configurations 
• Wide Operating Supply Voltage . . . . 4.SV to 18V 
• Low Power Consumption 

(Inputs Low) . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4mA 
(Inputs High) ........................... SmA 

• Single Supply Operation 
• Low Output Impedance . . . . . . . . . . . . . . . . . . . 60 
• Pin Out Equivalent ot DS0026 & MMH0026 

~...- TSC426/427/428 

NON-INVERTING INVERTING 
OUTPUT OUTPUT 

(TSC427)- - ~26) 

NOTE: TSC428 HAS INVERTING & NON-INVERTING DRIVER 

GROUND UNUSED DRIVER INPUT 
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DUAL POWER MOSFET DRIVER 

GENERAL DESCRIPTION Ordering Information 
The TSC426/427/428 are dual CMOS high 

Temperature 
speed drivers. A TTL/CMOS input voltage level is Part No. Package Configuration Range 
translated into an output voltage level swing equalling 

8-Pin the supply. The CMOS output will be within 25 mV of TSC426CPA 
Plastic Dip 

Inverting 0°c to +70°CC 

ground or positive supply. Bipolar designs are capable 
of swinging only within 1 volt of the supply. TSC4261JA' 

8-Pin 
Inverting -25°C to +85°C 

The low impedance high current driver outputs 
CerDIP 

will swing a 1000 pf load 18 V in 30 ns. The unique TSC426MJA' 
8-Pin 

Inverting -55°C to +125°C 
current and voltage drive qualities make the TSC426/ CerDIP 

427/428 ideal power MOSFET drivers, line drivers and TSC427CPA 
8-Pin 

Non-Inverting 0°C to +70°C 
DC to DC converter building blocks. Plastic Dip 

Input logic signals may equal the power supply TSC4271JA' 
8-Pin 

Non-Inverting -25°C to +85°C 
voltage. Input current is a low 1 µA making direct CerDIP 

interface to CMOS/BIPOLAR switch mode power 
TSC427MJA' 

8-Pin 
Non-Inverting -55°C to +125°C 

supply control integrated circuits possible as well as CerDIP 

open collector analog comparators. 
TSC428CPA 

8-Pin 
Non-Inv. & Inv. 0°C to +70°C 

Quiescent power supply current is 8 mA maxi- Plastic DIP 

mum. The TSC426 requires 1/5 the current of the pin 
TSC4281JA' 

8-Pin 
Non-Inv. & Inv. -25°C to +85°C compatible bipolar DS0026 device. This is important in CerDIP 

DC to DC converter applications with power efficiency 8-Pin 
constraints and high frequency switch mode power TSC428MJA' 

CerDIP 
Non-Inv. & Inv. -55°C to +125°C 

supply applications. Quiescent current is typically TSC426C/Y CHIP Inverting 25°C 
6 mA when driving a 1000 pf load 18 V at 100 kHz. 

TSC427C/Y CHIP Non-Inverting 25°C The inverting TSC426 driver is pin compatible 
with the bipolar DS0026 and MMH0026 devices. The TSC428C/Y CHIP Non-Inv. & Inv. 25°C 

TSC427 is non-inverting; the TSC428 contains an TSC426COA SOIC 0°c to +70°C 
inverting and non-inverting driver. TSC427COA SOIC 0°c to +70°C 

TSC428COA SOIC 0°c to +70°C 

Pin Configuration * For devices with 125°C, 160 Hour Burn In add /Bl to part number suffix. 

~ ~ 
INVERTING NON-INVERTING 

NC= NO CONNECTION 
DIP&SO 
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PRODUCT INFORMATION TSC426 
TSC427 
TSC428 

Absolute Maximum Ratings (Notes 1. 2, 3) Input Voltage Any Terminal .. Vs+ 0.3 V to Ground -0.3 V 
Operating Temperature Power Dissipation 

Plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW M Version .. . . .. . .. .. .. . .. .. . .. . -55° C to +125° C 
CerDIP ................................... 800 mW I Version ......................... -25° C to +85° C 

Derating Factors C Version .......................... 0°c to +70°C, 
Plastic ..................... 5.6 mW/°C Above 36°C Maximum Chip Temperature .... , ...... , .... , , .. +150°C 
CerDIP ................... , ..... , ...... 6.0 mW/°C Storage Temperature ................. -55°C to +150°C 

Supply Voltage .................................... 20 V Lead Temperature (10 Sec) ........... , .......... 300°C 

TSC426 
Electrical Characteristics: TA= 25°C with 4.5v,;Vs,;18 v unless otherwise specified. 

TYPE 

I 
N 
p 
u 
T 

0 
u 
T 
p 
u 
T 

s 
w 
IT 
Tl 
CM 
HE 
I 
N 
G 

NO. 

2 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14 

TSC426 

SYMBOL PARAMETER 

VtH 
Logic 1 
Input Voltage 

VtL 
Logic o 
Input Voltage 

ltN Input Current 

VoH High Output Voltage 

VoL Low Output Voltage 

Ro Output Resistance 

Ro Output Resistance 

IPK Peak Output Current 

TR Rise Time 

TF Fall Time 

To1 Delay Time 

To2 Delay Time 

Is Power Supply Current 

Is Power Supply Current 

TSC426 
CONDITIONS MIN TYP MAX UNIT 

2.4 v 

0.8 v 

0 5VtN 5 Vs -1 µ.A 

Vs -0.025 v 

0.025 v 

10 15 n VtN = 0.8 V 
lour = 1 O mA, Vs = 18 V 

6 10 n VtN = 2.4 V 
lour = 10 mA, Vs = 18 V 

1.5 A 

Test Figure 1 30 ns 

Test Figure 1 20 ns 

Test Figure 1 40 ns 

Test Figure 1 75 ns 

VtN = 3.0 V (Both Inputs) 8.0 mA 

VtN = 0.0 V (Both Inputs) 0.4 mA 

Electrical Characteristics: Over operating temperature range with 4.5 V,; Vs :'O 18 V unless otherwise specified. 

TYPE 

I 
N 
p 
u 
T 

0 
u 
T 
p 
u 
T 

NO. SYMBOL 

VtH 

2 VtL 

3 ltN 

4 VoH 

5 VOL 

TSC426 
PARAMETER CONDITIONS MIN TYP MAX UNIT 

Logic 1 
Input Voltage 

2.4 v 

Logic O 
Input Voltage 

0.8 v 

Input Current 0 5VtN 5 Vs -10 10 µA 

High Output Voltage Vs -0.025 v 

Low Output Voltage 0.025 v 
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DUAL POWER MOSFET DRIVER 

TSC42&· 
Electrical Characteristics: Over operating temperature range with 4.5 vs; Vs s; 18 v unless otherwise specified. 

TYPE NO. SYMBOL PARAMETER 

0 
u 
T c 
T 
s 
w 
IT 
Tl 
CM 
HE 
I 
N 
G 

6 

7 

8 

9 

10 

11 

12 

13 

TSC427 

Ro Output Resistance 

Ro Output Resistance 

TR Rise Time 

TF Fall Time 

To1 Delay Time 

To2 Delay Time 

Is Power Supply Current 

Is Power Supply Current 

CONDITIONS 

V1N = 0.8 V 
lour= 10 mA, Vs= 18 V 

V1N = 2.4 V 
lour= 10 mA, Vs= 18 V 

Test Figure 1 

Test Figure 1 

Test Figure 1 

Test Figure 1 

V1N = 3.0 V (Both Inputs) 

V1N = 0.0 V (Both Inputs) 

MIN 
TSC426 

TYP 

13 

8 

MAX UNIT 

20 ll 

15 ll 

60 ns 

40 ns 

60 ns 

120 ns 

12.0 mA 

0.6 mA 

Electrical Characteristics: TA= 25°C with 4.5 vs: Vs s; 18 v unless otherwise specified. 

TSC427 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V1H 
Logic 1 

2.4 v I Input Voltage 
N Logic o p 2 V1L 0.8 v 
u Input Voltage 

T 3 hN Input Current 0 $V1N $Vs -1 p.A 

4 VoH High Output Voltage Vs -0.025 v 

0 5 VOL Low Output Voltage 0.025 v 
u 
T 

Output Resistance V1N = 2.4 V 10 15 ll p 6 Ro 
lour= 10 mA, Vs= 18 v 

u V1N = 0.8 V 
T 7 Ro Output Resistance 

lour= 10 mA, Vs= 18 v 6 10 n 

8 IPK Peak Output Current 1.5 A 

s 9 TR w Rise Time Test Figure 1 30 ns 

IT 
10 TF Fall Time Test Figure 1 20 Tl ns 

CM 
HE 11 To1 Delay Time· Test Figure 1 40 ns I 
N 
G 12 To2 Delay Time Test Figure 1 75 ns 

pS 
13 Is Power Supply Current V1N = 3.0 V (Both Inputs) 8.0 mA oU 

wP 
Ep 

14 Is Power Supply Current V1N = 0.0 V (Both Inputs) 0.4 mA RL y 

NOTES: 2. St8tic Sensitive device. Unused· devices must be stored in conductive 
1. Functional operation above the absolute maximum stress ratings is not material to protect devices from static dis~harge and static fields. 

implied. 3. Switching times guaranteed by design. 
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PRODUCT INFORMATION TSC426 
TSC427 
TSC428 

TSC427 
Electrical Characteristics: Over operating temperature range with 4.5 V $Vs$ 18 V unless otherwise specified. 

TSC427 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VtH Logic 1 
2.4 v I Input Voltage 

N Logic O p 2 VtL 0.8 v 
u Input Voltage 

T 3 ftN Input Current 0 SVtN S Vs -10 10 µA 

4 VoH High Output Voltage Vs -0.025 v 
0 
u 5 VoL Low Output Voltage 0.025 v 
T 
p 

6 Ro Output Resistance VtN = 2.4 V 20 u lour= 10 mA, Vs= 18 V 13 !l 

T 
7 Ro Output Resistance VtN = 0.8 V 8 15 !l 

lour= 10 mA, Vs= 18 v 
s 8 TR Rise Time Test Figure 1 60 ns w 
IT 

9 TF Fall Time Test Figure 1 40 Tl ns 

CM 
HE 10 To1 Delay Time Test Figure 1 60 ns I 
N 
G 11 To2 Delay Time Test Figure 1 120 ns 

pS 
12 Is Power Supply Current VtN = 3.0 V (Both Inputs) 12.0 mA oU 

wP 
Ep 

13 Is Power Supply Current VtN = 0.0 V (Both Inputs) 0.6 mA RL y 

TSC428 
Electrical Characteristics: TA= 25° C with 4.5 V'.S Vs$ 18 V unless otherwise specified. 

TSC428 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VtH 
Logic 1 2.4 v I Input Voltage 

N 
Logic 0 p 2 VtL 0.8 v 

u Input Voltage 

T 3 ftN Input Current OSVtN S Vs -1 µA 

4 VoH High Output Voltage Vs -0.025 v 

0 5 VoL Low Output Voltage 0.025 v 
u 

Out~;ance T 
6 Ro Output High 10 15 !l p lour= 10 mA, Vs= 18 v 

u Output Low T 7 Ro Output Resistance 
lour= 10 mA, Vs= 18V 6 10 !l 

8 IPK Peak Output Current 1.5 A 

NOTES: 
1. Functional operation above the absolute maximum stress ratings is not 

implied. 

2. Static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 

3. Switching times guaranteed by design. 
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TSC426 
TSC427 
TSC428 

DUAL POWER MOSFET DRIVER 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

TSC428 
Electrical CharacterlsUcs: TA= 25° c with 4.5 v::::; Vs::::; 18 v unless otherwise specified. 

TSC428 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

s 9 TR Rise Time Test Figure 1 30 ns w 
IT 

10 TF Fall Time Test Figure 1 20 Tl ns 
CM 
HE 11 To1 Delay Time ·Test Figure 1 40 ns I 
N 
G 12 To2 Delay Time Test Figure 1 75 ns 

pS 
13 Is Power Supply Current V1N = 3.0 V (Both Inputs) 6.0 mA oU 

wP 
Ep 

mA AL 14 Is Power Supply Current V1N = 0.0 V (Both Inputs) 0.4 y 

TSC428 
Electrical Characteristics: Over operating temp~rature range with 4.5 V::::; Vs::::; 18 V unless otherwise specified. 

TSC428 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V1H Logic 1 
2.4 v I Input Voltage 

N Logic o p 2 V1L 0.6 v 
u Input Voltage 

T 3 liN Input Current 0 '.'SV1N $Vs -10 10 µA 

4 VoH High Output Voltage Vs -0.025 v 
0 
u 5 VOL Low Output Voltage 0.025 v 
T 
p 

6 Ro Output Resistance Output High 13 20 n u lour= 10 mA, Vs= 18 V 
T 

Output Low 7 Ro Output Resistance 
lour= 10 mA, Vs= 18 V 6 15 n 

s 8 TR Rise Time Test Figure 1 60 ns w 
IT 

9 TF Fall Time Test Figure 1 40 TI ns 
CM 
HE 10 To1 Delay Time Test Figure 1 60 ns I 
N 
G 11 To2 Delay Time Test Figure 1 120 ns 

pS 12 Is Power Supply Current V1N = 3.0 V (Both Inputs) 12.0 mA oU 
wP 
Ep 

13 Is Power Supply Current V1N = 0.0 V (Both Inputs) 0.6 mA AL y 

NOTES: 2. Static Sensitive device. Unused devices must be stored· in conductive 
1. Functional operation above the absolute maximum stress ratings is not material to protect devices from static discharge and static fields. 

implied. 3. Switching times guaranteed by design. 
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PRODUCT INFORMATION 

Switching Time Test Circuits 

Vs= 18 V 

:::r::.4.7 µ.f .I. .1 µf 

INPUT U----+---< 

ICL" 1000 pf 

Figure 1: Inverting Driver Switching Time 

INPUT 0-----+---i 

V5 = 18 V 

TSC426 
TSC427 
TSC428 

~4.7µ.ff.1µf 

>----+--..---oouTPUT 

1c, • iooop1 

Figure 2: Non-Inverting Driver Switching Time 

TSC426 Switching Speed 
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Typical Characteristic Curves 

70 

Rise and Fall Time vs 
Supply Voltage 

~f" Tic425 1 

:::==+-~..-_-,::~~:_-_-:_-_~~+-:-~_~?+-~-··_, -
r~~~~-+----t-1----+---+----f 
~30f---t-~-"---~--1'~-t--t---t-----l 
bJ~ 

2011-11-+=i;;;;;;:::t:_~T!_F 

10>---+--+---+--+----i--t----i 

o~o-.,._~-~10,..--~--:,~,-~~20 

SUPPLY VOLTAGE (V) 

Delay Time vs Temperature 
100 

.;"' T;J426 T V'o2 
t---t-CL = 1000 pf v 90 

80 

50 

40 

30 
-25 

Vs= 18 V 

v L 

To1 

i--
25 50 75 100 125 150 

TEMPERATURE (°C) 

Supply Current vs Frequency 
30 

~~T Vs= 18 V 

TA=25°C 
}--- t- CL = 1000 pf 

20 

10 

0 
1 

I~ 

v 10V 

fl 
I ~ 

/ 
~ w 

10 100 
FREQUENCY (kHz) 

1000 

DUAL POWER MOSFET DRIVER 

Delay Time vs Supply Voltage 
90 

~ ~f" TSC426 
80>---+-~---+---+--+--~;: ~~~~pf -i 

1or---t-tN-4""-!--F=~To2 
601---+-~--"l,.-+---+-+----+----+----t 
501----+--+-'~---+---+--+---+----f 

40'---t---t----f-....,..°'""C----\- T 
' ~ 

30>---+--+---+--+--+----+----f 

80 

70 

60 

50 

40 

30 

20 

10 

10 15 
SUPPLY VOLTAGE (V) 

Supply Current vs 
Capacitive Load 

20 

"'"' Tsc426 TA=25°C 
.bo ~~;I 

t------t--t- V5 = 18 V 

v 200 

~ '"' 

~ 
v 

v - ,/-~ 
[llJ 

10 100 1000 10000 
CAPACITIVE LOAD (pf) 

High Output vs Voltage 

2.20 if" Tsc.J. T 
TA= 25°C --t-f--+--+-+----l 

1. 76 f--t--+-+-----t--+--+--t-f--t---1 

t--+--+--+---+---+----+---+- )1 + j 
"§ 1.32 f--t--+-+-----t--t--+---f-i--->_Vof<---1' 
~ l-".'13v 

~ aa1--t-+-++-+-J.rl"~9Vi--;;)18fo"'~~V::""'I 
J..."'1~ 

y~ 
.441--1---JJ&____,...i--~F--+-+-+---+---J 

.oo~ 
o 10 ~ ~ ~ ~ eo ro w oo 100 

CURRENT SOURCED (mA) 

11-18 

Rise and Fall Time vs 
Temperature 

40 4lTscL6 f ~TR 
1--· ~-.. CL= 1000 pf P"' 

1k 

100 

10 

30>---+--V_s +" _1a_~--+v-1-~~--+--+---< 

P' 
20!----t--+--\-::;;j..-fJ...-'=---+T-'--j 

~ 
10<---+--+---l---l--+----+---I 

-25 25 50 75 100 125 150 
TEMPERATURE (°C) 

Rise and Fall Time vs 
Capacitive Load 

~ .... "' TSC426 
~TA•25°C TR 
~V5=18V 

nil 
l11J 

T, 

l2F 

1 
10 100 1000 10000 

CAPACITIVE LOAD (pf) 

Low Output Voltage 

i.20 ...,f" ~~c~~~'c I-+--+- Js . ~ v Jt1 
.96 £ 
.72 >-+---+---+---+----+~JLJ~f--+-~ IZ 10~ 

24 lZ~ 
~ 

.00~ 
o 10 w ~ ~ ~ oo ro oo ~ 100 

CURRENT SUNK (mA) 



PRODUCT INFORMATION 

Typical Characteristic Curves 
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TSC426 
TSC427 
TSC428 

DUAL POWER MOSFET DRIVER 

Typical Characteristic Curves 
Quiescent Power Supply Current 

vs 
Supply Voltage 

Package Power 
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Supply Bypassing 
Charging and discharging large capacitive loads quickly 
requires large currents. For example, changing a 1000 pf load 
18 volts in 25 ns requires a 0.8 A current from the device 
power supply. 

To guarantee low supply impedance over a wide frequency 
range, a parallel capacitor combination is recommended for 
supply bypassing. Low inductance ceramic disk capacitors 
with short lead lengths (<0.5 inch) should be used. A 4.7 µf 
solid tantalum capacitor in parallel with one or two 0.1 uf 
ceramic disk capacitors normally provides adequate by
passing. 

Grounding 
The TSC426 and TSC428 contain inverting drivers. Ground 
potential drops developed in common ground impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. 

Individual ground returns for the input and output circuits or 
a ground plane should be used. 

Input Stage 
The input voltage level changes the no load or quiescent sup
ply current. The N channel MOSFET input stage transistor 
drives a 2.5 mA current source load. With a logic "1" input, 
the maximum quiescent supply current is 8 mA. Logic "O" 
input level signals reduce quiescent current to 400 µA maxi
mum. Minimum power dissipation occurs for logic "O" inputs 
for the TSC426/427/428; unused driver inputs must be 
grounded or tied to the positive supply. 

The drivers are designed with 100 mV of hysteresis. This pro
vides clean transitions and minimizes output stage current 
spiking when changing states. Input voltage thresholds are 
approximately 1.5 V making the device TTL compatible over 
the 4.5 V to 18 V operating supply range. Input current is less 
than 1 µA over th is range. 

The TSC426/427/428 may be directly driven by the TL494, 
SG1526/1527, SG1524, SE5560 and similar switch mode 
power supply integrated circuits. 

Power Dissipation 
The supply current vs frequency and supply current vs capa
citive load characteristic curves will aid in determining power 
dissipation calculations. 

The TSC426/427/428 CMOS drivers have greatly reduced 
quiescent DC power consumption. Maximum quiescent 
current is 8 mA compared to the DS0026 40 mA specifica
tion. Fora 15 V supply, power dissipation is typically 40 mW. 

Two other power dissipation components are: 

• Output stage AC and DC load power. 
• Transition state power. 

Output stage power is: 

Where: 

Po 

Vo 
loc = 

f 
Vs = 

Poe+ PAC 

Vo (I DC) + f CL v~ 

DC output voltage 
DC output load current 
Switching frequency 
Supply voltage 

In power MOSFET drive applications the Poe term is negli
gible. MOSFET power transistors are high impedance, 
capacitive input devices. In applications where resistive 
loads or relays are driven the Poe component will normally 
dominate. 

The magnitude of PAc is readily estimated for several cases: 

A. 
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1. f = 200 kHz 
2. CL= 1000 pf 
3.Vs=18V 
4. PAC= 65 mW 

B. 
1. f = 200 kHz 
2. CL = 1000 pf 
3.Vs=15V 
4. PAC= 45 mW 



PRODUCT INFORMATION 

During output level state changes, a current surge will flow 
through the series connected N and P channel output 
MOSFETS as one device is turning "ON" while the other is 
turning "OFF." The current spike flows only during output 
transitions. The input levels should not be maintained 

Voltage Doubler 

+15 v 

Package Information 

D 
8-Pin Plastic Dip 

(Package #4) 

5 6 7 8 r- .400110.1611 .020 
.370 19.401 (6.08) 

MAX. 

SEATINGw-i--,~-,~-.l-=r 
_ _!_MIN. 

PLANE I L .10~.·~·., 
.070(1.78)- ILLJ.11012101 .J 
.030 (0.761 __,.. .090 (2.29) 

.280(7.11) 

I "220 (6.68)· 1 

.020(0.611 

.016 (0.411 
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TSC426 
TSC427 
TSC428 

between the logic "O" and logic "1" levels. Unu1ed drlverlnpute 
mu1t be Ued to ground and not be allowed to float. Average 
power dissipation will be reduced by minimizing input rise 
times. As shown in the characteristic curves, average supply 
current is frequency dependent. 
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~f"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

TSC429 
HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 

Typical Application 

1-1 µf ) 
1 - 0.001 µF PARALLEL 
1-0.D1 µF 

V++ 

~ 

FEATURES 
• Wide Operating Range . .. . .. .. .. .. 7 V to 18 V 
• High Impedance CMOS Logic Input 
• Logic Input Threshold Independent of Supply Voltage 
• Low Supply Current 

- 5 mA Maximum with Logic 1 Input 
- 0.5 mA Maximum with Logic O Input 

• Output Voltage Swing Within 25 mV of Ground or V$ 
• Low Delay Time .................. 75 ns Max. 
• High Capacitive Load Drive Capability 

- tRISE· tFALL = 35 ns Max with CLOAD = 2500 pf 

2-1000pf) 
1- 0.01 µF PARALLEL 
4-0.1,uF 

IN914 
IRFF 120 

~=2")ii.~ 
1000pf 

_fl. 
PWM 
5Vo-P 

.,.,.TSC429 
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GENERAL DESCRIPTION 
The TSC429 is a single high speed CMOS level 

translator and driver. Designed specifically to drive 
highly capacitive power MOSFET gates, the TSC429 
features a 2.5 n output impedance and 6 A peak output 
current drive. 

A 2500 pF capacitive load will be driven 18 Vin 
25 ns. Delay time through the device is 60 ns. The rapid 
switching times with large capacitive loads minimize 
power MOSFET transition power loss. 

A TTL/CMOS input logic level is translated 
into an output voltage swing that equals the supply. 
The output will swing to within 25 mV of ground or V$. 
Input voltage swing may equal the supply. Logic input 
current is under 10 µA making direct interface to 
CMOS/Bipolar switch mode power supply controllers 
easy. Input "speed-up" capacitors are not required. 

The CMOS design minimizes quiescent power 
supply current. With a logic 1 input, power supply 
current is 5 mA maximum and decreases to 0.5 mA for 
logic O inputs. 

For dual devices see the TSC426/427/428 pro
duct data sheet. 

Applications 
• Switch Mode Power Supplies 
• CCD Drivers 
• Pulse Transformer Drive 
• Class D Switching Amplifiers 

HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 

Ordering Information 

Temperature 
Part No. Package Range 

TSC429CPA 8-Pin 
0°C to 70°C Plastic DIP 

TSC4291JA* 
8-Pin 

-25°C to 85°C CerDIP 

TSC429MJA• 8-Pin 
-55°C to 125°C CerDIP 

TSC429Y CHIP 25°C 

• For devices with 125°C, 160 Hour Burn In add /Bl to part number 
suffix. 

Pin Configuration 

NC= NO INTERNAL CONNECTION 
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PRODUCT INFORMATION 

Absolute Maximum Ratings (Notes 1, 2, 3) 

Power Dissipation 
Plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
CerDIP ................................. 800 mW 

Derating Factors 
Plastic . . . . . . . . . . . . . . . . . . . 5.6 mW/° C Above 36° C 
CerDIP .............................. 6.0 mW/° C 

Supply Voltage .................................... 20 V 

TSC429 

TSC429 
Input Voltage Any Terminal . Vs+ 0.3 V to Ground -0.3 V 
Operating Temperature 

M Version . . . . . . . . . . . . . . . . . . . . . . -55° c to +125° c 
I Version ......................... -25° c to +85° c 
C Version .......................... 0° C to +70° C 

Maximum Chip Temperature .................... +150°C 
Storage Temperature ................. -ss•c to +150°C 
Lead Temperature (10 Sec) ...................... 300°C 

Electrical Characteristics: TA - 25° c with 7.0 v $Vs$ 18 v unless otherwise specified. 

TYPE 

I 
N 
p 
u 
T 

0 
u 
T 
p 
u 
T 

s 
w 
IT 
Tl 
CM 
HE 
I 
N 
G 

NO. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TSC429 

SYMBOL PARAMETER 

V1H 
Logic 1 
Input Voltage 

V1L 
Logic o 
Input Voltage 

hN Input Current 

VoH High Output Voltage 

VoL Low Output Voltage 

Ro Output Resistance 

Ro Output Resistance 

IPK Peak Output Current 

TR Rise Time 

TF Fall Time 

To1 Delay Time 

To2 Delay Time 

Is Power Supply Current 

Is Power Supply Current 

TSC429 
CONDITIONS MIN TYP MAX UNIT 

2.4 1.8 v 

1.3 0.8 v 

O:SV1N $Vs -10 10 µ.A 

Vs -0.025 v 

0.025 v 

1.8 2.5 n VIN= 0.8 V 
louT = 10 mA, Vs= 18 V 

1.5 2.5 n V1N = 2.4 V 
louT = 10 mA, Vs= 18 V 

Vs= 18 V (See Fig 3) 6 A 

Test Figure 1, CL= 2500 pf 23 35 ns 

Test Figure 1, CL = 2500 pf 25 35 ns 

Test Figure 1 53 75 ns 

Test Figure 1 60 75 ns 

VIN= 3.0 V 3.5 5.0 mA 

V1N = 0.0 V 0.3 0.5 mA 

Electrical Characteristics: Over operating temperature range with 7.0 v :s Vs :s 18 v unless otherwise specified. 

TYPE NO. SYMBOL PARAMETER 

V1H 
Logic 1 

I Input Voltage 
N Logic o p 2 V1L 
u Input Voltage 

T 3 l1N Input Current 

CONDITIONS 

0 :SV1N $Vs 
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MIN 
TSC429 

TYP MAX UNIT 

2.4 v 

0.8 v 

-10 10 µ.A 
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HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 

Electrical Characteristics: Over operating temperature range with 7.0 vs Vs s 18 v unless otherwise specified. 

TSC429 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

4 VoH High Output Voltage Vs -0.025 v 
0 
u 
T 

5 VOL Low Output Voltage 0.025 v 
p V1N = 0.8 V u 6 Ro Output Resistance 

louT = 10 mA, Vs= 18 V 
5.0 n 

T 
7 Ro Output Resistance V1N = 2.4 V 5.0 n 

louT = 1 O mA, Vs = 18 V 

s 8 TR Rise Time Test Figure l. CL= 2500 pF 70 ns w 
IT 

9 TF Fall Time Test Figure 1, CL= 2500 pF 70 Tl ns 
CM 
HE 10 To1 Delay Time Test Figure 1 100 ns I 
N 
G 11 To2 Delay Time Test Figure 1 120 ns 

pS 12 Is Power Supply Current V1N = 3.0 V 12.0 mA oU 
wP 
Ep 

13 Is Power Supply Current VIN= 0.0 V 1.0 mA RL y 

NOTES: 
1. Functional operation above the absolute maximum stress ratings is not 

implied. 

2. Static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 

Switching Time Test Circuit 
Vs= 18 V 

INPUT O---+--_, >c>--+:'--t--.---0 OUTPUT 

"'" TSC429 I CL. 2500pf 

INPUT 

""0.4 v 

OUTPUT 

Figure 1: Inverting Driver Switching Time 

3. Switchina times auaranteed bv desian. 

TSC429 Switching Speed 
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PRODUCT INFORMATION 

Typical Characteristic Curves 

Rise and Fall Time 
vs Supply Voltage 
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TSC429 

Rise and Fall Time 
vs Temperature 
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TSC429 
Typical Characteristic Curves (cont.) 

~ 
5 

Supply Current 
vs Frequency 
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HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 

Quiescent Power 
Supply Current 

vs Supply Voltage 
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PRODUCT INFORMATION 

Supply Bypassing 
Charging and discharging large capacitive loads quickly 
requires large currents. For example, changing a 2500 pf 
load 18 volts in 25 ns requires a 1.8 A current from the device 
power supply. 

To guarantee low supply impedance over a wide frequency 
range, a parallel capacitor combination is recommended for 
supply bypassing. Low inductance ceramic disk capacitors 
with short lead lengths (<0.5 inch) should be used. A 10 µ F 
solid tantalum capacitor in parallel with one or two 0.1 µ F 
ceramic disk capacitors normally provides adequate bypassing. 

Grounding 
The high current capability of the TSC429 demands careful 
PC board layout for best performance. Since the TSC429 is 
an inverting driver, any ground lead impedance will appear as 
negative feedback which can degrade switching speed. The 
feedback is especially noticeable with slow-risetime inputs, 
such as are produced by an open collector output with resis
tor pullup. The TSC429 input structure includes about 300 
mV of hysterisis to ensure clean transitions and freedom from 
oscillation, but attention to layout is still recommended. 

Figure 2 shows the feedback effect in detail. As the TSC429 
input begins to go positive, the output goes negative and 
several amperes of current flow in the ground lead. As little as 
0.05 0 of PC trace resistance can produce hundreds of milli
volts at the TSC429 ground pins. If the driving logic is 
referenced to power ground, the effective logic input level is 
reduced and oscillations may result. 

+18 v 

18 v 
2.4 v 

J 2500pF 

6AMPS ! PC TRACE RESISTANCE" 0.05 l! 

LOGIC 
GROUND 0----.---. 

POWER 
GROUND 

300 mV 

+ 

Figure 2: Switching Time Degradation Due to Negative 
Feedback 
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TSC429 
To ensure optimum performance, separate ground traces 
should be provided for the logic and power connections. 
Connecting the logic ground directly to the TSC429 GND 
pins will ensure full logic drive to the input and ensure fast 
output switching. Both of the TSC429 GND pins should be 
connected to power ground. 

Input Stage 
The input voltage level changes the no load or quiescent sup
ply current. The N channel MOSFET input stage transistor 
drives a 3 mA current source load. With a logic "1" input, the 
maximum quiescent supply current is 5 mA. Logic "O" input 
level signals reduce quiescent current to 500 µA maximum. 

The TSC429 input is designed to provide 300 mV of hystere
sis. This provides clean transitions and minimizes output 
stage current spiking when changing states. Input voltage 
levels are approximately 1.5 V, making the device TTL com
patible over the 7 V to 18 V operating supply range. Input 
current is less than 10 µA over this range. 

The TSC429 can be directly driven by the TL494, SG1526/ 
1527, SG1524, SE5560and similar switch mode power supply 
integrated circuits. By offloading the power-driving duties to 
the TSC429, the power supply controller can operate at lower 
dissipation. This can improve performance and reliability. 

Power Dissipation 
CMOS circuits usually permit the user to ignore power dis
sipation. Logic families such as 4000 and 74C have outputs 
which can only supply a few milliamperes of current, and 
even shorting outputs to ground will not force enough cur
rent to destroy the device. The TSC429, on the other hand, 
can source or sink several amperes and drive large capacitive 
loads at high frequency. The package power dissipation limit 
can easily be exceeded. Therefore, some attention should be 
given to power dissipation when driving low impedance 
loads and/or operating at high frequency. 

The supply current vs frequency and supply current vs capa
citive load characteristic curves will aid in determining power 
dissipation calculations. Also, Table 1 lists the maximum 
operating frequency for several power supply voltages when 
driving a 2500 pf load. More accurate power dissipation 
figures can be obtained by summing the three power sources. 

Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power dis
sipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDI P 8-pin package junction to ambient thermal resistance 
is 150° C/W. At 25° C the package is rated at 800 mW maximum 
dissipation. Maximum allowable chip temperature is 150°C. 

m 



Three components make up total package power dissipation: 

• Capacitive load dissipation (Pc) 
• Quiescent power (Po) 
• Transition power (PT) 

The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation is: 

EQ. 1: Pc = f c Vs 2 

where: F =switching frequency 
C = capacitive load 
Vs = supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.5 mA total current drain. Logic high signals 
raise the current to 5 mA maximum. The quiescent power 
dissipation is: 

EQ.2: Po =Vs (D (IH) + (1-D) IL) 

where: IH = quiescent current with input high 
(5 mA Max) 

IL =quiescent current with input low 
(0.5 mA Max) 

D = duty cycle 

Transition power dissipation arises because the output stage 
N and P channel MOS transistors are "on" simultaneously for 
a very short period when the output changes. The transition 
package power dissipation is approximately: 

EQ. 3: Pr = f Vs (3.0 x 10-9 ) 

An example shows the relative magnitude for each term. 

Example 1: 
C =2500 pF 
Vs= 15 V 
D =50% 
f =200 kHz 
Po=Package power dissipation = Pc + PT+ Po 

= 113 mW+ 90 mW+ 26 mW 
= 229 mW 

Max. operating temperature= TJ - OJA (Po) 
= 115°c 

wh.ere: 
Tv =Max. allowable junction temperature (150°C) 
OJA = Junction to ambient thermal resistance (150°C/W, 

CerDIP) 

NOTE: Ambient operating temperature should not exceed 
B5°C for "IJA" device or 125°C for "MJA" device. 

HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 

TSC429 Maximum Operating Frequency 

1BV 
15V 
10V 
5V 

Table 1 

I Max 

500 kHz 
700 kHz 
1.3 MHz 
> 2 MHz 

Conditions: 1. CerDIP Package [OJA= 150°C/W] 
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2. TA= 25°C 
3. CL = 2500 pF 

Package Power 
Dissipation 

OOO•r-~..,--.~~r-TS_C_4~~.~~[r---, 

BOO~r---r--- '~ KOVARLEADFRAME -
CERDIP PACKAGE 
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100 1----+---+---+----tt----t 
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PRODUCT INFORMATION 

Peak Output Current 
Capability 

TIME (Sµs/OIV) 

Chip Pad Layout 

TSC429 

+18 v 

18 v 

2.4 v 

~ 2500 pf 

Figure 3: Peak Output Current Test Circuit 

INPUT{2) 

"11"' TSC429 ~ 

Package Information 

0 
5 6 7 8 

~----1 (4(GND 

63 MILS 

J_~ 

8-Pin Plastic DIP 
(Package #4) 

1 .400(10.16)-1 .020 
.370 (9.40) (5.08) 

MAX. 

SEATING~,_r--?-Q~-~l-)~~ 
~ MIN. 

PLANE I l ·'°~,1~54) 
.07011.78)-- II LI .11012.79) . I 
.030 (0.76) .090 (2.29) -- -.020 (0.61) 

.016(0.41) 

~,,~, 

~'·~~=-----= 

I I 
vs(8) 

• • I I 
OUTPUTl6) OUTPUTl7) 

.,. ___ 104 MILS _ ___. 
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t-: .~~~ -1 8-Pin CerDIP 

,!. , 0 .o2S" (Package #5) 
.245 ,.______NOMINAL 

j_ 
.325 

-1 I - o•• 
1

. ~C~;.A''•I .200 r+- .045 
MAX. 
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.-.,'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Companyr• 

TSC430* 
SUPER-FAST CMOS CCD DRIVER 

FUNCTIONAL DIAGRAM 

HYSTERSIS 

DIGITAL 
RETURN 

VDD 

TO DIGITAL 
RETURN 

VDD 

TO DIGITAL 
RETURN 

LEVEL 
SHIFT 

"'"'" TSC430 

LEVEL 
SHIFT 

FEATURES 
• Operating Range, 4.5 :S(Voo - Vss):S 16 V 
• TTL/CMOS Compatible Inputs 
• Low Delay Time 15 nS Typ. 
• Rise and Fall Time, 2200 pf Load 25 nS Typ. 
• Peak Output Current = 3.0 Amperes 
• Output can be Floated Below Digital Return 
• Level Shifting for Split-supply Operation 
• Guaranteed Skew 
• Complementary Outputs 
• 10 MHz Operation With Adequate Heat Sink 
• Drives 1000pF at 4MHz, in CerDIP with no 

External Heatsink (10V V DD - V ss> 
• Low Output Impedance 4 Ohm Max. 
• Low Quiescent Power 5 mA Max. 
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Vss 

OUTPUT 
v.2 (Q) 

OUTPUT 
7 v., (0) 

OUTPUT RETURN 

'Patent Pending 1988 

• 



TSC430 
GENERAL DESCRIPTION 

The TSC430 is a super-fast CMOS power driver for 
driving CCDs and other loads. The TSC430 operates to 
frequencies to 10MHz and drives loads greater than 
2200pF. Peak current output is 3.0 Amperes. See page 
8 for power calculations and ratings. 

The input is TTUCMOS compatible. Digital Return 
and Output Return can be at different voltages, allowing 
operation with output swings between positive and 
negative supplies without sacrificing AC performance 
when driven from TTL logic. The ability to swing 
negative is important when driving CCD devices. 

The output stages have been designed so that the 
rising edge of one output crosses the 50% point of the 
transition within 5nS of the other. This makes the 
TSC430 ideal for driving CCDs and acheiving high 
contrast images. 

CMOS construction acheives low quiescent power 
(less than 5mA at 15V and 25°C) and low input current 
requirements. This device requires fewer external 
components than bipolar devices like the DS0026 
which need external speed-up capacitors. 

Applications 
• CCD Driver 
• MOSFET Driver 
• Laser Diode Driver 
• Differential Line Driver 
• PIN Diode Driver 

NEW PRODUCT INFORMATION 

ORDERING INFORMATION 
Part No. Package 

TSC430CPA 8-ein elastic 

TSC4301JA 8-ein CerDIP 

TSC430MJA 8-ein CerDIP 

TSC430MJA/883 8-ein CerDIP 

TSC430Y CHIP 

Pin Configuration 
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DIGITAL 
GROUND 

Tem~. Range 
0°c to 70°C 

-25°C to 85°C 

-55°C to 125°C 

-55°C to 125°C 

25°C 



SUPER-FAST CMOS CCD DRIVER 

TSC430 

+SV 90% 

T SKEW1 TSKEW2 

V1N= OV-SV,Vss=OV, V00 = 15V,CL= 2200pF 
v,"= ov- sv, vss= ov, v 00 = 1sv, c, = 22oopF 

Figure 1: Driver Switching Time Figure 2: Output Drive Skew 

Test Circuit 

.1µf 
sov 
X7R 

+Voo 

© Voo 

.1µf 
sov 
X7R 

~~v r--------------1 
MKS-2 I 10 

1µf 
sov 
MKS-2 

10µ! 
sov 
sxc 

: ~)---1 --+-+---+-4>-----0 CcoAD V,, 

INPUT © I LEVEL I 
I SHIFT I 

BNC 

DIGITAL 
RETURN 

son : : 

81 ">0--+---:-1--:0=5 -+-+--+-+---OCcOAD v,, 

I I 
I I 
I I L _____________ _J 

"'" 0 Vss 
TSC430 

Vss 
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TSC430 

Absolute Maximum Ratings 
Power dissipation @ 25°C 

Plastic • • • • • • • • • • • • • • • • • • • • • • • • 500 mW 
CerDIP • • • • • • • • • • • • • • • • • • • • • • • • 800 mW 

Derating factors 
Plastic ••••••••••••• 5.6 mW/°C above 25°C 
CerDIP •••••••••••••••••••••• 6.6 mW/°C 

Supply voltage • • • • • • • • • • • • • • • Voo - Vss $ 18V 
Voo-Voo $18V 

Input voltage any terminal • • • • • • • • • • Vs +0.3 V to 
Ground - 0.3V 

NEW PRODUCT INFORMATION 

Operating temperature 
M Version ••••••••••••••••• -55°C to 125°C 
I Version • • • • • • • • • • • • • • • • • -25°C to 85°C 
c Version • • • • • • • • • • • • • • • • • • • 0°c to 10°c 

Maximum chip temperature • • • • • • • • • • • • 150°C 
Storage temperature • • • • • • • • • • • • -55°C to 150°C 
Lead temperature (10 sec) • • • • • • • • • • • • • • 300°C 
CerDIP RBJA (°C/W) • • • • • • • • .. • • • • • • .. .. • 150 
Plastic RBJA (°C/W) • • • • • • • • .. • • • .. • .. .. • 178 
ESD Protection •••••••••••••• , •••••••• 2000V 

Electrical Characteristics TA= 25°C with 4.5:::; (Voo - Voo) $16V, 4.5:::; (Voo - Vssl $16V 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VrH Logic 1 2.4 1.6 v 
Input Voltage 

VrL Logic o 1.3 0.8 v 
Input Voltage 

lrN Input Current 0 $ VrN $Vs -10 10 µA 

VoH High Output 
Voltage 

IVs-0.025 v 

VoL Low Output 0.025 v 
Voltage 

Ro Output VrN = OV 3.0 5.0 ohms 
Resistance louT = 10mA 

Voo = 16V 

Ro Output VrN = 3.0V 3.0 5.0 ohms 
Resistance louT = 10mA 

Vo = 16V 

IPK Peak Output Voo = 16V 3.0 A 
Current 

TsKEW1 Output Pulse Fig. 2 3.0 5.0 nS 
Skew 

TsKEW2 Output Pulse Fig. 2 3.0 5.0 nS 
Skew 

TR Rise Time Fig. 1 22 30 ns 
CL= 2200pF 

TF Fall Time Fig. 2 22 30 nS 
CL = 2200pF 

To1 Delay Time Fig. 1 18 25 ns 

To2 Delay Time Fig. 1 18 25 ris 

Is Power Supply VrN = 3.0V 2.9 5.0 mA 
Current V00 = 12V V88 = OV 

Is Power Supply VrN = O.OV 0.3 mA 
Current V00 = 12V V8s=OV 
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SUPER-FAST CMOS CCD DRIVER 

TSC430 

Electrical Characteristics 4.5V :S {Voo-Vss) :S 16V, 4.5V :S {Voo-V00) :S 16V, temperature = -55 to 125°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1H Logic 1 2.4 v 
Input Voltage 

V1L Logic O 0.8 v 
Input Voltage 

liN Input Current 0 :S V1N :S Vs -10 10 µA 

VoH High Output IVs - 0.025 v 
Voltage 

VoL Low Output 0.025 v 
Voltage 

Ro Output v,N = ov ohms 
Resistance louT = 10mA 4.5 7 

Vss = OV Voo=16V 

Ro Output V1N = 3V ohms 
Resistance louT = 10mA 4.5 7 

Vss = OV Voo = 16V 

TA Rise Time Fig. 1 40 nS 
CL = 2200pF 

TF Fall Time Fig. 1 40 ns 
CL = 2200pF 

To1 Delay Time Fig. 1 35 nS Ill 
To2 Delay Time Fig. 1 35 ns 

TsKEw1 Pulse Skew Fig. 2 5 10 nS 

TsKEW2 Pulse Skew Fig. 2 5 10 nS 

Is Power Supply V1N = 3.0V 5 8 mA 
Current VDD = 12V Vss= OV 

Is Power Supply V1N = 0V .5 mA 
Current VDD=12V vss = ov 
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TSC430 

APPLICATIONS INFORMATION 

Functional Description 
The TSC430 is fabricated in a super-fast silicon gate 

process. The input stage consists of a schmidt trigger 
which drives a level shift circuit. The level shift circuit 
allows the input Signal to be referenced to some point 
other than the output retumpin 3 (V55). This allows the 
output to swing positive and negative relative to the 
digital return, pin 1. 

The output stage is a low impedance MOSFET totem 
pole type that can output currents up to 3 amps peak. 
This type of output can swing to within millivolts of either 
rail when driving capacitive loads. Output rise times are 
in the order of 3 nS while propagation delays are in the 
15 nS region. 

Application Tips 
Due to its high speed and short transition times, 

proper layout ofthe P.C. board is critical. See Application 
Note 28 for further information on the effects of layout. 

Additional precautions that must be made in addition 
to those in Application Note 28 are: 

1 . Decoupling between the Digital return and V DD is 
critical. 

2. A minimum 4.5 volts must be maintained between 
Digital return and VDD· 

3. Decoupling between VDD and Vss is critical. 
4. Single point (star) ground systems .should be 

used. 
For decoupling between Digital return and VDD, a 

1µF 50V polyester film cap such as a Wima MKS-2 in 
parallel with a multilayer ceramic .1µF 50 X7R such as 
an AVX DIP GUARD will work well. These capacitors 
have to be mounted as close as possible to the 
respective pins on the TSC430 to minimize circuit 
inductance. 

Circuits that are improperly decoupled will exhibit 
oscillations on the output. 

Item 2 above.minimum 4.5 volts between Digital 
return and VDD is necessary to insure that the level 
shifting and hysterisis circuits have enough voltage to 
function properly. Putting this another way; the input 
circuit is referenced to the positive supply, not the 
negative supply. 

Decoupling of the Vss to VDD, (item 3 above), is 
important because of the high peak current capability of 

NEW PRODUCT INFORMATION 

the output of the TSC430. The suggested decoupling is a 
low ESR electrolytic such as a United Chemicon 1 OµF 
50VSXC in parallel with a polyester film capacitor such 
as the 1µF 50V MKS-2 and a ceramic capacitor such as 
the AVX .1µF 50V dip guard. 

The parallel combination of the three capacitors 
forms a low impedance source of power across a broad 
frequency range for the output stage. This will assure 
that for any load and frequency of operation that the 
output will be as "clean" as is practical. 

Item 4, the use of single point grounds, is very 
critical. Due to the high peak currents that the TSC430 is 
capable of generating, any additional trace or wire length 
can cause L di/dt drops that can effect the output and in 
the extreme cause the device to fail due to voltage 
breakdown. 

Application Note 28 explains parasitic inductance 
problems further. 

Operation from a Single Supply 
If the TSC430 is operated from a single supply 

voltage, then the Digital return pin must be tied to the Vss 
pin. This will eliminate the need for the decoupling 
capacitors from VDD to the Digital return. 

Load Return Path 
It is very importantto return the load currents directly 

to, and in the shortest possible distance to the Vss pin. 
Again this is due to the parasitic inductance of the PCB 
trace or wire. The test circuit shows how the load 
capacitors, CLDAD are returned to the same point as the 
decoupling capacitors which is directly on pin 3. 

Input Signal Considerations 
The amplitude of the input signal has a significant 

effect on the propagation delay through the IC. 
While the device can be driven with a signal as 

small as 2.0 volts, propagation delays will be in the 
40 nS region. If the input is increased to 5 volts, then 
delays will be in the 15 nS region. 

The input stage of the TSC430 is a MOSFET gate. 
Thus, it is high impedance and requires little drive 
current. This eliminates the need for speed-up capacitors 
as was needed with older bipolar parts. The use of speed 
up capacitors is not recommended as they can cause 
voltage doubling effects that can be detrimental to the life 
of the device. 
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SUPER-FAST CMOS CCD DRIVER 

Delay Time vs V DD 
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Supply Current vs Frequency 
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TSC430 

Power Dissipation 
Quiescent Dissipation 

The quiescent dissipation of the TSC430 is very low, 
even with the input in the high state. (See "Input" section 
oh the effects of input state on power dissipation). As an 
example, at maximum temperature for the plastic pack
age, (70°C), the static current draw is guaranteed to be 
8mA or less. If the supply voltage is 15 volts, then the 
device dissipation is 120mW. The package is rated at 
390mW/°C, so the device is well within its ratings at worst 
case. 

The typical value is normally in the region of 5mA, so 
the example cited above is indeed worst case. 

Cross Over Dissipation 
During the transition between the output states, the P 

channel and N channel transistors can be on simultane
ously. Although this happens for only a few nano
seconds, this additional power that is dissipated can be 
significant at frequencies above 1 OOKHz. The device 
exibits a capacitive preload of about 440pF/output. 

Capacitive Load Dissipation 
Capacitive load dissipation is the result of charging 

and discharging the load. The larger the capacitive load, 
the longer the driver is in the linear region. As long as the 
device is in this area of operation, it is dissipating signifi
cant amounts of power. 

Calculating Power Dissipation 
The capacitive load caused dissipation is a direct 

function of frequency, capacitive load, and supply volt
age. The package power dissipation is: 

NEW PRODUCT INFORMATION 

where: IH = quiescent current with input high 
(5mAMax) 

IL= quiescent current with input low 
(0.3mAMax) 

D = duty cycle 

Transition power dissipation arises because the out
put stage N and P channel MOS transistors are "on" 
simultaneously for a very short period when the output 
changes. The transition package power dissipation is 
approximately: 

EQ. 3: PT= f Vs2 (8.80 x 10-10) 
8.8 x 10-10 = 2 x 440pF 

An example shows the relative magnitude for each 
term. 

Example 1: 
C = 1 OOOpF/driver 
V8 = 15V 
D =50% 
f = 1 MHz 
P 0 = package power dissipation = Pc + Pr+ Pa 

= 450mW + 200mW + 40mW 
TJ =TA+ (9JA x P0) = 690mW 

= 23°C + 104°C 
= 127°C 

where: TJ = junction temperature, (150°C Max) 
TA= Ambient Temperature 
9JA= Junction to ambient thermal resistance 

(150°C/W, CerDIP) 

EQ. 1: Pc= f CV 62 (x 2 if both outputs are loaded). NOTE: Ambient operating temperature should not 

where: F = switching frequency 
C = capacitive load 
Vs = supply voltage 

Quiescent power dissipation depends on input signal 
duty cycle. A logic low input results in a low power 
dissipation mode with only 0.5mA total current drain. 
Logic high signals raise the current to 5mA nominal. The 
quiescent power dissipation is: 
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SUPER-FAST CMOS CCD DRIVER 

Table 1: TSC430 Maximum Operating 
Frequency 

18V 
15V 
10V 
5V 

Max Frequency 

2.BMHz 
4.0MHz 
9.1MHz 
20.0MHz 

Conditions: 1. CerDIP Package (9JA = 150°C/W) 
2. TA= 25°C 
3. No load 

TSC430 Applications 

1on 

TTL CLOCK IN 

11 

13 
TTL START IN 
-~t-----14 

4 1on 
14 

1/2 7474 I.1µF 

.... 
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.... 

VIDEO CLOCK DRIVER FOR CCD CAMERA 

TSC430 

Package Power 
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TSC430 

Bonding Diagram 

11·42 
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_.,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

DUAL DRIVER 

FUNCTIONAL DIAGRAM (1/2 Circuit) 

15kf2 

1.skn 

TSC450 

FEATURES 
• Dual Device for High Packing Density 
• User Selectable Inverting or Non-Inverting Operation 
• Single Supply Operation 
• TTL Compatible Inputs 
• High Output Sink Current . . . . . . . . . . . . . . 12 mA 
• High Output Source Current . . . . . . . . . . . . 6 mA 
• Fast Switching . . . . . . . . . . . . . . . . . . . . . . . . 125 ns 

s.1 kn 

2(14) 
OUTPUT 

7.5kil 1.Skrz 

~~--4>--~~~~-+-~~-+-~~~~----<l>---OGND 

3,5,8,11,13 
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GENERAL DESCRIPTION 
The TSC450 is a low cost bipolar dual driver 

with TTL compatible inputs and high voltage outputs. 
Each device may be configured in an inverting or non-
inverting configuration. The active pullup, high voltage 
outputs will drive power MOSFET gates. See the 
TSC426/427/428 for higher speed power MOSFET 
drivers. 

The TSC450 also serves as a logic level trans-
lator and discre~e analog switch driver. 

DUAL DRIVER 

, Ordering Information 

Supply 
Part N.i>. Voltage 

TSC450A,IJE 15V 

TSC450ACPE 15 v 

TSC450BIJE 12 v 

TSC450BCPE 12 v 

TSC450AMJE 15 v 

TSC450BMJE 12 v 

Pin Configuration 

OUTPUT 1 2 

GROUND 3 

INVERTING 4 
INPUT 1 

GROUND 5 
NON-INVERTING 

INPUT 1 

Temp. 
Range Package 

-25°C to +85°C 16·Pin ·CerDIP 

0°c to +70°C ·16 Pin Epoxy 

-25°C to .+a5°c 16 Pin CerDIP 

0°C to +70°C 16 Pin Epoxy 

-55°C to +125°C 16 Pin CerDIP 

-55°C to +125°C 16 Pin CerDIP 

12 :~~~~~ING 
11 GROUND 

NON-INVERTING 
INPUT 2 

NC = No Connection 



NEW PRODUCT INFORMATION 

Absolute Maximum Ratings 
J Package, P Package, 

CerDIP Plastic 

Storage Temperature -65°C -55°C 
to+150°C to +100°C 

Lead Temperature 
(1/16 inch from case, 
10 sec max) 300°C 300°C 

Continuous Supply 
Voltage 

Type B Device +15.0 v +15.0 v 
Type A Device +16.5 v +16.5 v 

Note: Exceeding the absolute maximum ratings may cause permanent 
damage. Operation at the absolute maximum ratings or beyond the 

TSC450 

J Package, P Package, 
CerDIP Plastic 

Pulsed Supply Voltage 
(less than 100 msec) +18.0 v +18.0 v 
Input Voltage (any input) 

Type B Device -0.5 to +15 V -0.5 to +15 V 
Type A Device -0.5 to +18 V -0.5 to +18 V 

Surge Sink Current 
(less than 100 msec at 20 mA 20 mA 
TA=25°C) 

conditions guaranteed is not implied. 

Electrical Characteristics: Specifications apply over full operating temperature range. Vee = +15 V for type A 
devices and Vee = 12 V for type B devices unless otherwise indicated. 

TEST TSC450 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V1NH Input High Voltage I 1N :S 40 µA 2.0 v 
I 
N 2 V1NL Input Low Voltage 0.8 v 
p 
u 3 I 1NH Input High Current 10 µA 
T 

4 I 1NL Input Low Current V1N = 0.4 v 1.6 mA 

5 VoHL Loaded Output Vee= 12 V, I OH= 5 mA 6.0 v 
High Voltage (Type B Device) 

0 6 VoH Output High Vee = 11 V 9.0 v 
u Voltage (Type B Device) 

T 7 VoHL Loaded Output Vee= 15 V, loH = 5 mA 9.0 v 
p High Voltage (Type A Device) 
u 

8 VoH Output High Vee= 14 V 12.0 v T 
Voltage (Type A Device) 

9 VoL Output Low Voltage loL :S 10 mA 0.4 v 

s 10 tpo1 Inverting Input to Output 235 ns 
y Propagation Delay 
s 
T 
E 11 tPDNI Non-Inverting Input to 125 ns 
M Output Propagation Delay 

s 12 Ice Type A Device 13 mA u 
p Supply Current Vee = 16 V 
p 

13 Ice Type B Device 10 mA 
L 
y Supply Current Vee = 13 V 
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Switching Time Definitions 

INVERTING 50% -!,'"-
INPUT-----'· 

l.--•po1-i 
OUTPUT -----------. ( 

-\...:. 50% 

.1'-·----
INVERTING 

INPUT----, 

~ -~ .... ----------
' I ~'PDl--=t'r---~---

1 OUTPUT 

Operating Characteristics 

~ 

Output High Voltage 
TSC450 

5vcc-7t----+----+----+---:'.""'.:""-"7i"-"""11l!...:'I 
> +125°C 

vcc-9-.---+----+-----+-----1----1 

vcc-111----+----+----+----+----1 
Vee= 12 v (B DEVICES) 
Vee= 15 v (A DEVICES) 

vcc-1a._--_~2----'_4'----_~s----~a----~10 

IDH(mA) 
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DUAL DRIVER 

NON-INVERTING 50" -l:_ 
INPUT ___ __, I 

I 
'-'PDNI~ 

-T.- 50% 

OUTPUT ---------1 
NON-INVERTING 

INPUT----

50%-~..,.---------
l--'PDNl-1 

OUTPUT-----------. I 
- ),- 50% 

Output Low Voltage 
TSC450 

1·.2 ..---.---,..---.--~-""T""--,..----. 
Vee= 12 v OR 15 v TSC450 

1.0 t---1---+----t---r---i----t----t 

0.8 t---1---+----t---t----t----t----t 

IQL(mAI 



NEW PRODUCT INFORMATION 

Application Information 
TSC450 Drives Power MOSFET 

+Vee 

16 

INPUTU-----4- 16
-<( 

~..-
TSC450 

3,5,8,11,13 

TSC450 Driving VMOS FET 
in Inverting Mode (Pin 4) 

Package Outlines 

1:--~- ---j To· "' l. " 
-J L.~ 

Epoxy DIP 
(Package #8) 

- .. ~ ___ , 

TSC450 

OUTPUT 

,-------- - - -;..;;;;;,;-i 
I I 
I I 
I I 

I VMOS 
I POWER 
I FET 

I 
I 

I I 
L ___________ _J 

NOTE: Pin 4 is Inverting Input 
Pin6isNon·lnverting Input 

TSC450 Driving VMOS FET in 
Non-Inverting Mode (Pin 2) 

CerDIP 
(Package #9) 

ALL DIMENSIONS lN INCHES (MILLIMETERS) 
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"''°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Companyr• 

TSC962 
HIGH CURRENT, DC-DC CONVERTER 

FUNCTIONAL DIAGRAM 

LEVEL 
SHIFT 

LEVEL 
SHIFT 

PIN 1 

l"~" G 
~ LEVEL 

SHIFT 

LEVEL 
SHIFT 
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FEATURES 

• Pin Compatible with TSC7662/ICL7662/Sl7661 
• High Output Current 80 mA 
• No External Diodes Required 
• Wide Operating Range 3.0 to 18 Volts 
• Low Output Impedance 280 Typical 
• No Low Voltage Terminal Required 
• Application Zener On 1Chip 
• Doubling Pin Option for Smaller Output 

Capacitors 

PINS 

Vs 

P SW1 

PIN2 
CAP+ 

N SW4 + 
Cl 

EXTERNAL 
PIN3 

GND 

+ 
N SW2 OUT 

PIN4 
EXTERNAL 
CAPACITOR 

CAP- R, 

N SW3 

PINS 

v-ouT 
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TSC962 

General Description 
The TSC962 is an advanced version of the industry 

standard 7662 high voltage DC to DC converter. Using 
improved design techniques and CMOS construction 
the TSC962 can source as much as 80mA vs the 7662 
20mA capability. 

As an inverter the TSC962 can put out voltages as 
high as 18 volts and as low as 3.0 volts with outthe need 
for external diodes. The output impedance of the device 
is a low 2an (with the proper capacitors), voltage 
conversion efficiency is 99.9% and power conversion 
efficiency is 97%. 

The low voltage terminal, pin 6, required in some 
7662 applications has been eliminated. Grounding this 
terminal will double the oscillator frequency from 12 to 24 
KHz. This will allow the use of smaller capacitors for the 
same output current and ripple in most applications. 
Only two external capacitors are required for inverter 
applications. In the event an external clock is needed to 
drive the TSC962 (such as paralleling) driving this pin 
directly will cause the internal oscillator to sync to the 
external clock. 

Pin 1, which is used as a test pin on the 7662 is a 
voltage reference zener on the TSC962. This zener (6.4 
volts at 5mA) has a dynamic impedance of 12n and is 
intended for use where the TSC962 is supplying current 
to external regulator circuitry and a reference is needed 
for the regulator circuit. (See applications section). 

The TSC962 is compatible with the L TC1044, 
Sl7661 and ICL7662. It should be used in designs that 
require greater power and /or less inputto output voltage 
drop. It offers superior performance over the ICL7660S. 

NEW PRODUCT INFORMATION 

Ordering Information 

Part No. Package Temp Range 

TSC962CPA 8 Pin Plastic DIP o to 70°C 

TSC9621JA 8 Pin CerDIP -40 to 85°C 

TSC962MJA 8 Pin CerDIP -55 to125°C 

TSC962COE 16 Pin SO Oto 70°C 

TSC962/Y Chip 25°C Only 

TSC962MJA/883 8 Pin CerDIP -55 to 125°C 

Pin Configurations 
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HIGH CURRENT, DC-DC CONVERTER 

TSC962 
Absolute Maximum Ratings TSC962MJA . . . . . . . . . . . . . . . . . . . -55°C to 125°C 

TSC962COA . . . • . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Supply voltage v; to Vs ....•................ 18 v 
Input voltage ............... (V; + 0.3) to (Vs - 0.3) 
(Any Pin) 

Max dissipation 8JA 
CPA 375 mW 140°C/W 

IJA 500 mW 90°C/W 
MJA 500 mW 90°C/W 
COA 375 mW 140°C/W 

Storage temperature . . . . . . . . . . . . . -55°C to 150°C 
Lead temperature . . . . . . . . . (soldering 10 sec) 300°C 
Current into any pin . . . . . . . . . . . . . . . . . . . . . . . . 1 OmA 

Operating temperature range 

ESD Protection . . . . . . . . . . . . . . . . . . . . . . . . . . ±2000V 
Output short circuit . . . . continuous (at 5.5 Volts input) 

TSC962CPA ........................ 0° to 70°C 
TSC9621JA . . . . . . . . . . . . . . . . . . . -40°C to + 85 °C 

Electrical Characteristics v; = 15V TA= 25°C (See Test Circutt) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

v; Supply Voltage 3.0 18 Volts 

Is Supply Current RL = 00 

v; = 15V TA= 25C 0 510 700 µA 
o:::;rA:::::70C0 560 µA 
-55:::::T A:::::125C0 650 µA 

v;=5V TA= 25C 0 190 µA 
O:::::TA:::::70C0 210 µA 
-55:s;T A:::::125C 0 210 µA 

Ro Output Source IL= 20mA, Vs+= 15V 28 32 0 
Resistance 

IL= 80mA, v; = 15V 30 35 0 

IL= 3mA, v; = 5V 46 0 

.-
Cose Oscillator Pin 6 Open 12 KHz 

Frequency Pin 6 Gnd 24 KHz 

PEFF Power v; = 15V 93 97 % 
Efficiency RL = 2KO 

VoEF Voltage v; = 15V 99 99.9 % 
Efficiency RL = 00 

Over Temp 96 O/o 
Range 

-·---.. - ... 

Vz Zener Voltage lz = 5mA 6.2 6.4 6.6 Volts 

ZZT Zener lz = 2.5mA to 7.5mA 12 0 
Impedance 
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TSC962 

APPLICATIONS INFORMATION 

Theory of Operation 

The TSC962 is a capacitive pump (sometimes 
called switched capacitor circuit) where four MOSFET 
switches control the charge and discharge of a capacitor. 

The Functional diagram shows how the switching 
action works. SW1 and SW2 are turned on simultain
iously charging C1 to the supply voltage V1N. This 
assumes that the on resistance of the MOSFETs in 
series with the capacitor results in a charging time (3 
time constants) that is less than the on time provided by 
the oscillator frequency as shown in EQ 1. 

(EQ 1) 3 (.Ros10N) C1) < C1 /(.5 lose)] 

In the next cycle SW1 and SW2 are turned off and 
after a very short interval of all switches being off, (this 
prevents large currents from occuring due to cross 
conduction) SW3 and SW4 are turned on. The charge in 
C1 is then transfered to CouT , BUT WITH THE 
POLARITY INVERTED. In this way a negative voltage is 
now derived. 

Page 1 shows a block diagram of the TSC962. An 
oscillator supplies pulses to a flip-flop that is then fed to a 
set of level shifters. These level shifters then drive each 
set of switches at one half the oscillator frequency. 

The oscillator has two pins that control the frequency 
of oscillation. Pin 7 can have a capacitor added that is 
run to ground. This will lower the frequency of the 
oscillator by adding capacitance to the timing capacitor 
internal to the TSC962. Grounding Pin 6 will turn on a 
current source and double the frequency. 
This will double the charge current going to the internal 
capacitor as well as any capacitor added to pin 7. 

A zener diode has been added to the TSC962 for 
use as a reference in building external regulators. This 
zener runs from pin 1 to ground. 

Capacitors 
In early charge pump converters the capacitors 

were not considered critical due to the high Ros10N1 of the 
MOSFET switches. In order to understand this lets look 
at a model of a typical electrolytic capacitor. (See Figure 
2) 

NEW PRODUCT INFORMATION 

Figure2. 

Note that one of its characteristics is ESR or equivalent 
series resistance. This parasitic resistance winds up in 
series with the load. Thus both voltage conversion efficiency 
and power conversion efficiency are compromized if a low 
ESR capacitor is not used. 

In the test circuit for example, just by a change of the 
two capacitors, C1 and C2 from a capacitor with unspecified 
ESR to a low ESR type the output impeadance changed 
from 36 to 28 ohms, a improvement of 23%! 

This applies to all types of capacitors including film 
types (polyester, polycarbonate etc.). 

Some applications information suggest that the 
capacitor is not critical and contribute the limiting factor of 
the capacitor to its reactive value. Lets examine this. 

Z=-----
2rrFC 

For the TSC962 F = 12000 Hz, and a typical value of C 
would be 1 OµF. This is a reactive impedance of= 1.330. If 
the ESR is as great as 50 then the reactive value is not as 
critical as it would first appear as the ESR would pre
dominate. The 50 value is typical of a general purpose 
electrolytic. 

Other converters such as the TSC965 are better suited 
for series voltage multiplication applications. 
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HIGH CURRENT, DC-DC CONVERTER 

Latch Up 

All CMOS structures contain a parasitic SCA. Care 
must be taken to prevent any input pin from going above 
or below the supply rail or latch up will occur. The result 
of latch up is an effective short between v; and Vs. 
Unless the power supply input has a current limit this 
latch up phenomena will result in damage to the device. 
(See Application Note 31 for additional information) 

Supply Current vs. Temperature 
700 

Test Circuit 
6900 

v, 
... ~ 

TSC962 

TSC962 

7 .................................... 
.. L. 
•ai-Cosc 

"!i 
Vou1 

-----"1_ ~(-5v) 
c,1*"10µr 

-- l---t-2001--t--1-1--==-~---;;;;;;:;:j:::===!"--1--1--1--

~ 100t--___,f----+---+----+----+---+---+---t---+----

-60 -40 -20 20 40 60 80 100 120 140 
TEMPERATURE (°C) 
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NEW PRODUCT INFORMATION 

TSC962 
Typical Applications 

v• 
v• 

~~ 
TSC962 6 ~~ 

TSC962 6 
+ 

C,1J10µF 

Combined Negative Converter and Positive Multiplier Split V + In Half 

v• 
v• 

6 C,2 

~~ 
3 TSC962 6 

7 

~~ 
TSC962 

~~ 
TSC962 

Lowering Output Resistance by Paralleling Devices Positive Voltage Multiplier 

Oscillator Frequency vs CExT 

~ ~ 1KHzt--~~+-~~-+-~~-+-~~-+~~~~~--~-+-~~-+-~~-l--~~-+~~--I 

i ~ 
100 Hzl----+---+---1----+---+----!-"--~I--'--+---+---

~ 
1 0Hz<--~~-'--~~~1-0~~_._~~-1~0-0~~-'-~~~10L0~0~~-'-~--,1~0~00~0~~-'-~~~ 

CAPACITANCE (pF) 
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HIGH CURRENT, DC-DC CONVERTER 

-c 

Frequency vs Temperature 
20 KHz 

TSC962 

18KHz1---~----+----+----+---+----+----+----+----+----i 

N 
16 KHz1-----+---~+-"~----+-----+----+----+-----+---+----+-----; 

14KHzl----+----+---~~--~.,---~--t----t----t---t-----t----; 
12 KHz1-----t----+----+----+-"'----+~-~-----+----+-----t----i 
10 KHz1----+----+----+----+---+---"'+---+1'-..-~-t-----+-----; 

~ 
8KHz1-----t----+----+----+----t----+----+----t-----t~--.....::---i 

" 
6 KHz~-6~0---~40,---~_2~0---:-----::270--~40,---~6~0--~80,---~10~0---,1~20;;------:;17"40 

TEMPERATURE (0 C) 

Output Resistance vs Temperature 
80 

701----+----+----+----+---+----+----+----+---+--;--

601-----+--+----+---+---+-----+--+----:::~~----t-v_ 
so1-----+---+---+-+-------i::::;,..o',..,,,,-""-+--v-----+V°-+--~L____, 

v+"~~ I y 
401-----+--,::=--...,.,----=---+-1 __ 1-----+---+-";;;Jl""~~o._---+-----+-----1 

--+-- V+"15V lc"20mA ~ 
--1---1 

30~::;;;;;*----+-~::t::===+~--+~~~~+-~+-~-+-~--i -
201----+---+-----l---l----+----+----t---l----+----i 

10._____ _ ___._ __ _.__ __ _.__ __ .___ _ __,_ __ ~ __ _.___~.___ _ __,_,--___,~ 

-60 -40 -20 20 40 60 80 100 120 140 
TEMPERATURE ('C) 
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TSC962 

Zener Voltage vs Current 

50 

40 

< .§. 30 

!z 
!l! 
a: 
:::> 
U· 

20 

10 

0 
4.5 5.0 5.5 6.0 

ZENER VOLTAGE (V) 

Power Conversion Efficiency vs. ILoAo 

NEW PRODUCT INFORMATION 

f 
I/_ 

_J_ 

f 
~ 

1 
1 v 

6.5 7.0 

100 ,,,,,,,,... 150 

Ori--- 7 
V..L.- 135 

Efflclenc~ ~ 
(:; 80 I ~ .L_ 120 

15 --...,.....__ y 1 ~ 
~ 701J---+---+--l----+---+---ilr-: ~~.::po..oc--+---1r----i05~ 

~60 y ~ 90 ~ 
~ 50 Lv I'-- 15 ~ 
8 v 
a: 40t----+---+--t---7".L.'-t---+--:-1---t-----i---:-1----;60 

~ Vsupply Current 
~ 30---+---+-v-..... ...d"'l---'-+--+----+---+--t----+---145 

:~~---+~-_,,..,..__-+---+--+---;---+---t-----t-----1: 

0 8 16 24 32 40 48 56 64 72 80 

LOAD CURRENT ( mA) 
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HIGH CURRENT, DC-DC CONVERTER 

TSC962 

Output Resistance vs Input Voltage 
110 

1001---+---+---+----+--l----+------+----+----+---t 

901---+---+---+---+--l----t---t---+----t---t 

801---+---+---+---+--l----t---t---t----t---t 

G" 70 
LU 
0 z 
~ 60 
(/) 

Ui 
LU 

50 a: 

3mA \Jorn A 

r-
::> 
Cl. r- 40 ::> 
0 

30 

20 

10 

0 
0 10 12 14 16 18· 20 

INPUTVOLTAGE(V) m 
Bonding Diagram 

C- GND C+ ZENER 

l I I I 

90mil 

Li 
FREOX2 oJcc Js j 

-------11smil---~ 

11-57 



Notes 

ENGINEER:-------------------------~ DEPT:----~ 

PROJECT: DATE: -----

DESCRIPTION ________________________________ _ 

11-58 



~f"TELEDYNE 
SEMICONDUCTOR TSC1426 

TSC1427 
TSC1428 

The Analog Signal Processing Company'" 

LOW COST DUAL HIGH-SPEED MOSFET DRIVER 

FUNCTIONAL DIAGRAM 

V•v--.---~ 

"-2.5 mA 

-=- GND 

FEATURES 
• LowCost 
• Latch-Up Protected. Will Withstand 500mA 

Reverse Output Current 
• ESD Protected . . . . . . . . . . . . . . . . . . . . +l-2KV 
• High Peak Output Current ........ 1.2A Peak 
• High Capacitive Load Drive 

Capability ................. 1000pF In 38 nS 
• Wide Operating Range ......... 4.75V to 18V 
• Low Delay Time ................ 80 nS Max. 
• Logic Input Threshold Independent of 

Supply Voltage 
• Output Voltage Swing to Within 25mV of 

Ground or V5+ 
• Low Output Impedance ................ 8 n 

~If" TSC14261142711428 

NOTE: TSC1428 HAS INVERTING & NON-INVERTING 
DRIVER. GROUND UNUSED DRIVER INPUT. 
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TSC1426 
TSC1427 
TSC1428 
GENERAL DESCRIPTION 

The TSC1426-28 are a family of 1.2A dual high
speed drivers. The TSC1426-28 are ideal for high
volume OEM manufacturers, with latch-up protection, 
ESD protection, and a proprietary molding compound 
for high reliabilily. CMOS fabrication is used for low 
power consumption and high efficiency. 

These devices are fabricated using an epitaxial 
layer to effectively short out the intrinsic parasitic 
transistor responsible for CMOS latch-up. They 
incorporate a number of other design and process re
finements to increase the long-term reliability of these 
devices. 

The TSC1426 is compatible with the bipolar 
DS0026, but only draws 1 /5 of the quiescent current. 
The TSC1426-28 are also compatible with the 
TSC426-428, but with 1.2Apeakoutput current rather 
than the 1.5A of the TSC426 series devices. 

The high input impedance TSC142X series drivers 
are CMOS/TTL input compatible, do not require the 
speed-up needed by the bipolar devices, and can be 
directly driven by most PWM ICs. 

This family of devices is available in inverting and 
non-inverting versions. Specifications have been 

Pin Configurations 

NC ~ NO CONNECTION 

TEST CIRCUIT 

~ 
INVERTING 

.,..TSC1426 
(112 TSC1428) 

Figure 1. Inverting Driver Switching Time 

NEW PRODUCT INFORMATION 

optimized to achieve a low cost and high performance 
device, well suited for the high volume manufacturer. 

APPLICATIONS 
• Power MOSFET Drivers 
• Switched Mode Power Supplies 
• Pulse Transformer Drive 
• Small Motor Controls 
• Print Head Drive 

Ordering Information 

Temp. 
Part No. Package Configuration Range 

TSC1426COA 8-pin SO Inverting O'Cto +70°C 

TSC1426CPA 8-pinPlastic DIP Inverting 0°Cto +70°C 

TSC1427COA 8-pin SO Non-Inverting 0°C to +70°C 

TSC1427CPA 8-pin Plastic DIP Non-Inverting O'C to +70°C 

TSC1428COA 8-pin SO Inverting & Non-Invert 0°C to +70'C 

TSC1428CPA 8-pin Plastic DIP Inverting & Non-Invert O'C to +70'C 

~ 
NON.INVERTING 

TEST CIRCUIT 

..,...TSC1427 
(112 TSC1428) 

lC~•lOOOpl 

Figure 2. Non-Inverting Driver Switching Time 
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DUAL HIGH-SPEED MOSFET DRIVER TSC1426 
TSC1427 
TSC1428 

Absolute Maximum Ratings (Notes 1, 2 and 3) 
Power Dissipation Operating Temperature 

Plastic ....................... 500mW C Version ............... 0°C to +70°C 
Derating Factors Maximum Chip Temperature ........... +150°C 

Plastic ........... 5.6mW/°C Above 36°C Storage Temperature .......... -55°C to +150°C 
Supply Voltage .......................... 18V Lead Temperature (10 Sec) ............. 300°C 
Input Voltage Any Terminal ................ . 
. . . . . . . . . . . . . . . . . . . . Vs+ 0.3V to Ground -0.3V 

TSC1426/1427/1428 
Electrical Characteristics: TA= 25°C with 4.75V ~ v 8 ~ 1av unless otherwise specified. 

TYPE SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VIH Logic 1 3.0 v 

I Input Voltage 

N 
p VIL Logic o 0.8 v 
u lnputVoltage 
T 

llN Input Current -5V ~VIN ~vs -1 µA 

VOH High Output Voltage Vs -0.025 v 

VOL Low Output Voltage 0.025 v 

0 F\, Output Resistance v 1N =a.av 12 18 Q 
u 

lour = 1 OmA, Vs = 16V T 
p 

Ro Output Resistance V1N =3.QV 8 12 Q u 
T lour = 1 OmA, Vs = 16V 

IPK Peak Output Current 1.2 A 

Latch-Up Current Withstand Reverse Current >500 mA 

s TR Rise Time Test Figure 1 & 2 30 nS 
w 
I 

TF Fall Time Test Figure 1 & 2 20 nS TT 
C1 
HM 
I E 

TD1 Delay Time Test Figure 1 & 2 55 nS 

N 
TD2 Delay Time nS G Test Figure 1 & 2 80 

PS Is Power Supply Current V1N = 3.0V (Both Inputs) 8.0 mA 
OU 
WP 

Is Power Supply Current V1N = 0.0V (Both Inputs) 0.4 mA Ep 
R L v 
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TSC1426 NEW PRODUCT INFORMATION 

TSC1427 
TSC1428 
TSC1426/142711428 
Electrical Characteristics: Over operating temperature range with 4.75V ~vs~ 18V unless 

otherwise specified. 

TYPE SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VIH Logic 1 3.0 v 

I Input Voltage 

N 
p VIL Logic O 0.8 v 
u lnputVoltage 
T 

(IN Input Current ov~ V1N ~Vs -10 10 µA 

VOH High Output Voltage Vs -0.025 v 

VOL Low Output Voltage 0.025 v 
0 
u 

Ro Output Resistance VIN= 0.8V 15 22 Q 
T 
p lour= 10mA, Vs= 16V 
u 

Output Resistance T Ro VIN= 3.0V 10 18 Q 

lour= 10mA, Vs= 16V 

Latch-Up Current Withstand Reverse Current >500 mA 

s TR Rise Time Test Figure 1 & 2 60 nS w 
I T 

TF Fall Time Test Figure 1 & 2 40 nS T I 
CM 

Delay Time HE TD1 Test Figure 1 & 2 75 nS 
I 
N 

Delay Time G TD2 Test Figure 1 & 2 125 nS 

PS 
Is Power Supply Current V1N = 3.0V (Both Inputs) 12.0 mA OU 

WP 
Power Supply Current Ep Is V1N = O.OV (Both Inputs) 0.6 mA 

RL 
y 

NOTES: 
1. Functional operation above the absolute maximum stress 2. Static sensitive device. Unused devices must be stored in 

ratings is not implied. conductive material to protect devices from static discharge 
and static fields. 

3. Switching times guaranteed by design. 
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DUAL HIGH-SPEED MOSFET DRIVER TSC1426 
TSC1427 
TSC1428 

Supply Bypassing 
Large currents are required to charge and dis

charge large capacitive loads quickly. For example, 
changing a 1000 pF load 18 volts in 25 nS requires a 
0.8 A current from the device power supply. 

To guarantee low supply impedance over a wide 
frequency range, a parallel capacitor combination is 
recommended for supply bypassing. Low inductance 
ceramic disk capacitors with short lead lengths ( < 0.5 
inch) should be used. A4.7 µF solid tantalum capaci
tor in parallel with one or two 0.1 µF ceramic disk 
capacitors normally provides adequate bypassing. 

Grounding 
The TSC1426 and TSC1428 contain inverting 

drivers. Ground potential drops developed in com
mon ground impedances from input to output will 
appear as negative feedback and degrade switching 
speed characteristics. 

Individual ground returns for the input and output 
circuits or a ground plane should be used. 

Input Stage 
The input voltage level changes the no load or 

quiescent supply current. The N channel MOSFET 
input stage transistor drives a 2.5 mA current source 
load. With a logic "1" input, the maximum quiescent 
supply current is 8 mA. Logic "O" input level signals 
reduce quiescent current to 400 µA maximum. 
Unused driver inputs must be connected to V DD or 
V ss· Minimum power dissipation occurs for logic "O" 
inputs for the TSC1426/1427/1428. 

The drivers are designed with 100 mV of hyster
esis. This provides clean transitions and minimizes 
output stage current spiking when changing states. 
Input voltage thresholds are approximately 1.5V 
making Logic 1 input any voltage greaterthan 1.5Vup 
to 18V00. Input current is less than 1 µA over this 
range. 

The TSC1426/1427/1428 may be directly driven 
by the TL494, SG1526/1527, SG1524, UC3826 and 
similar switch mode power supply integrated circuits. 

Power Dissipation 
The supply current vs frequency and supply cur

rent vs capacitive load characteristic curves will aid in 
determining power dissipation calculations. 

The TSC1426/1427/1428 CMOS drivers have 
greatly reduced quiescent DC power consumption. 
Maximum quiescent current is 8 mA compared to the 
DS0026 40 mA specification. For a 15V supply, 
power dissipation is typically 40 mW. 

Two other power dissipation components are: 
• Output stage AC and DC load power. 
• Transition state power. 

Output stage power is: 

Where: 

V 0 = DC output voltage 
10c = DC output load current 
f = Switching frequency 
Vs = Supply voltage 

In power MOSFET drive applications, the P oc term 
is negligible. MOSFET power transistors are high im
pedance, capacitive input devices. In applications 
where resistive loads or relays are driven, the P0c 
component will normally dominate. 

The magnitude of P Ac is readily estimated for sev
eral cases: 

A. 8. 
1. f = 200 kHz 1. f = 200 kHz 
2. CL = 1000 pF 2. CL= 1000 pF 
3. Vs= 18V 3. Vs= 15V 
4. PAc=65mW 4. PAc = 45 mW 

During output level state changes, a current surge 
will flow through the series connected N and P chan
nel output MOSFETS as one device is turning "ON" 
while the other is turning "OFF". The current spike 
flows only during output transitions. The input levels 
should not be maintained between the logic "O" and 
logic "1" levels. Unused driver inputs must be 
connected to V ss or V DD and not be allowed to float. 
For less power consumption, the unused input 
should be tied to V DD" Average power dissipation will 
be reduced by minimizing input rise times. As shown 
in the characteristic curves, average supply current is 
frequency dependent. 
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TSC1426 
TSC1427 
TSC1428 
TSC1426 Typical Characteristic Curves 
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DUAL HIGH-SPEED MOSFET DRIVER 

TSC1426 Typical Characteristic Curves (Cont.) 

Rise and Fall Time 
vs Temperature 
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TSC1427 
TSC1428 
TSC1426 Typical Characteristic Curves (Cont.) 
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Supply Current 
vs Frequency 
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DUAL HIGH-SPEED MOSFET DRIVER 

TSC1427 Typical Characteristic Curves 

Rise and Fall Time 
vs Temperature 
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Delay Time 
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TSC1427 Typical Characteristic Curves (Cont.) 
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Delay Time vs 
Supply Voltage 
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DUAL HIGH-SPEED MOSFET DRIVER 

TSC1427 Typical Characteristic Curves (Cont.) 
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NEW PRODUCT INFORMATION 

TSC1426/1427/1428 Typical Characteristic Curves 
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.,i.-.TELEDYNE 
SEMICONDUCTOR 

TSC4420 
TSC4429 

The Analog Signal Processing CompanyT• 

HIGH-SPEED, HIGH-CURRENT SINGLE 
MOSFET DRIVER 

TYPICAL APPLICATION 

FEATURES 
• Tough CMOS™ Construction 
• Latch-Up Protected. Will Withstand 500mA Reverse 

Output Current 
• Logic Input Will Withstand Negative Swing up to 6V 
• Double Bonded for Reduced Output Impedance 
• Matched Rise and Fall Times .....•••..•...... 25nS 
• High Peak Output Current • . . . • • . • • . . • • . • 6.0 A Peak 
• Wide Operating Range •........•....... 4.5V to 18V 
• High Capacitive Load Drive ........ 10000pF In 60nS 
• Low Delay Time ..•..•......•.........•• 55nS Typ. 

• Rise Time, CL = 2500pF . . • • • . • . . . . • • • . 20nS 
• Fall Time, CL= 2500pF . . . . . • . . . . . . . . • 20nS 

• Consistant Delay Times with Changes In Voltage 
Drain Source 

• Logic High Input for any Vo Hage From 2.4V to Vs+ 
• Logic Input Threshold Independent of Supply Voltage 
• Low Supply Current 

• 450µA with Logic 1 Input 
• 55µA with Logic O Input 

• Low Output Impedance • . . . . . . . . • . . . • . . . . • • . . 2.5 n 
• Output Voltage Swing to Within 25mV of Ground or Vs+ 
• Inverting and Non-Inverting Configurations 

C16 
470pF 

H.S.1 
1-----, 

I 34µh 

I 9-!-1--.i,....._-...---ITT1,,___....._---i~+Voor 
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I I 
L ___ _J 

IC2 TSC4420 
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TSC4420 
TSC4429 
GENERAL DESCRIPTION 

The TSC4420/4429 Tough CMOS™ MOSFET 
Drivers are tough, efficient, and easy to use. This 
family of devices are 6A (peak) single output 
MOSFET Drivers. 

The TSC4420/4429 will drive even the largest 
MOSFETs and improve the Safe Operating Area 
margin. 

These devices are tough due to extra steps taken 
to protect them from failures. An epitaxial layer is 
used to prevent CMOS Latch-up. Propritary circuits 
allows the input to swing negative as much as 6V 
without damaging the part. Special circuits have 
been added to protect against damage from Electro 
Static Discharge. A special molding compound is 
used for increased moisture resistance and increased 
ability to withstand high voltages. They are also tough 
because of Teledyne Semiconductor's World-Class 
process controls and device quality. 

Because these devices are fabricated in CMOS, 
they run cool, use less power and are easier to drive. 
The rail-to-rail swing capability of CMOS better in
sures adequate gate voltage to the MOSFET during 
power up/down sequencing. 

The Tough CMOS™ Drivers are easy to use. 
Three or more discrete components can be replaced 
with a single device to save PCB area. Any logic input 
from 2.4V to Vs can be used without external speed
up capacitors or resistor networks. 

This family is available in inverting (TSC4429) 
and non-inverting (TSC4420) configurations. The 
TSC4429 is pin compatible with the popular TSC429. 

FUNCTIONAL DIAGRAM 

PIN 1,8 

450µA 

P CHANNEL 

MILLER "C" 

\_r---
""T'" 

I 

N CHANNEL 

NEW PRODUCT INFORMATION 

APPLICATIONS 
• Switch Mode Power Supplies 
• Motor Controls 
• Pulse Transformer Drive 
• Class D Switching Amplifiers 

Ordering Information 

Part No. 

TSC4420/29COA 

TSC4420/29C PA 

TSC4420/291JA* 

TSC4420/29MJA ** 

TSC4420/29Y 

Package 

8-PinSO 

8-Pin 
Plastic DIP 
8-Pin 
CerDIP 
8-Pin 
CerDIP 
CHIP 

Temp. Range 

Oto 70°C 

o to 70°C 

-25 to 85°C 

-55 to 125°C 

25°C 

• For devices with 125°C, 160 Hour Burn In add /Bl 
to part number suffix. 

**883 processing available. 

Pin Configurations 

NC= NO INTERNAL CONNECTION 

~"TSC4429 

NC= NO INTERNAL CONNECTION 

P CHANNEL 

OUTPUT 
"INVERTING 

PIN 6,7 

INPUTJJ 
PIN 2 

"FOR NON-INVERTING 
OUTPUT ORDER TSC4420 

~ NCHANNEL 

~ PIN4,5 PIN 4,5 

GND 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 

TSC4420 
TSC4429 

Absolute Maximum Ratings (Notes 1, 2 and 3) 
Power Dissipation Operating Temperature 

Plastic . . . . . . . . . . . . . . . . . . . . . . 500mW 
CerDIP . . . . . . . . . . . . . . . . . . . . . 800mW 

Derating Factors 

M Version . . . . . . . . . . . . . -55°C to 125°C 
I Version . . . . . . . . . . . . . . . -25°C to 85°C 
C Version ................ 0°C to 70°C 

Plastic . . . . . . . . . . 5.6mW/°C Above 36°C Maximum Chip Temperature ............ 150°C 
CerDIP .................... 6.0mW/°C Storage Temperature . . . . . . . . . . -55°C to 150°C 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . 20V Lead Temperature (10 Sec) ............. 300°C 
Input Voltage Any Terminal .................. . CerDIP OJA (°C/W) .................... 150°C 
.................... Vs + 0.3V to Ground -0.3V Plastic o JA (°C/W) . . . . . . . . . . . . . . . . . . . . 170°C 

TSC4429 
Electrical Characteristics: TA= 25°C with 4.5V:::; v 8 :::: 18V unless otherwise specified. 

TYPE SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I 
N 
p 
u 
T 

0 
u 
T 
p 
u 
T 

s 
w 
IT 
Tl 
CM 
HE 
I 
N 
G 

pS 
oU 
wP 
Ep 
RL 

y 

TR 

TF 

TD1 

T02 

Is 

Is 

Logic 1 
Input Voltage 

Logic O 
lnputVoltage 

Input Current 

High Output Voltage 

Low Output Voltage 

Output Resistance 

Output Resistance 

Peak Output Current 

Latch-Up Protection 

v,N = O.BV; for 4420 v,N = 2.4V 
louT = 1 OmA, Vs = 1 BV 

v,N = 2.4V; for 4420 v,N = 0.8V 
louT = 10mA, Vs= 18V 

Vs= 18V (See Figure 5) 

Withstand Reverse Current 

Rise Time Test Figure 1, CL= 2500pF 

Fall Time Test Figure 1, CL= 2500pF 

Delay Time Test Figure 1 

Delay Time Test Figure 1 

Power Supply Current V1N = 3.0V 

Power Supply Current 

11-73 

2.4 1.8 v 

1.3 0.8 v 

-10 10 µA 

vs -0.025 v 

0.025 v 

2.1 2.8 

1.5 2.5 n 

6.0 A 

>500 mA 

20 30 nS 

20 30 nS 

55 60 nS 

55 60 nS 

0.45 1.5 mA 

55 150 µA 

• 



TSC4420 
TSC4429 
TSC4429 

NEW PRODUCT INFORMATION 

Electrical Characteristics: Over operating temperature range with 4.5V ~Vs~ 18V unless 
otherwise specified. 

TYPE SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VIH Logic 1 2.4 v 

I Input Voltage 

N 
p VIL Logic a a.a v 
u lnputVoltage 
T 

llN Input Current av~v1N ~vs -1 a 1a µA 

VOH High Output Voltage Vs+ -a.a25 - v 

0 
VOL Low Output Voltage v u a.a25 

T 
p Ro Output Resistance V1N = a.SV; for 442a V1N = 2.4V 3.a 5.a Q 

u lour = 1 amA, Vs = 18V 
T 

Ro Output Resistance V1N = 2.4V; for 442a V1N = a.av 2.3 5.a Q 

lour= 1amA, Vs= 18V 

s TR Rise Time Test Figure 1, CL= 25aapF 32 6a nS w 
'r TF Fall Time Test Figure 1, CL= 25aapF 34 6a nS r, 
CM 
HE TD1 Delay Time Test Figure 1 5a 1aa nS 
I 

~-··-------···--~· 

N 
G TD2 Delay Time Test Figure 1 65 1aa nS 

pS 
Is Power Supply Current VIN =3.aV .45 3.a mA oU 

wP 
Ep Is Power Supply Current v 1N =a.av .a6 a.4 mA 
RL 

y 

NOTES: 
1. Functional operation above the absolute maximum stress 

ratings is not implied. 

2. Static sensitive device. Unused devices must be stored in 
conductive material to protect devices from static discharge 
and static fields. 

3. Switching times guaranteed by design. 

Vs~ 18 V 

i'•' 
0.1flf 0.1µF 

2500pF 

Figure 1. Switching Time Test Circuit 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 

Typical Characteristic Curves 
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TSC4420 
TSC4429 
Typical Characteristic Curves (Cont.) 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 

Typical Characteristic Curves (Cont.) 
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TSC4420 
TSC4429 

Quiescent Power Supply 
Current vs Supply Voltage 
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TSC4420 
TSC4429 
Typical Characteristic Curves (Cont.} 

Low State 
Output Resistance 
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1.50 f--+---1f-+--+-+---t---1f-+'"'".~~-I 

50mA.~ ;-
10mA 

1.00 .___.___..__.....____._....__.___..__.....__..__. 

5 7 9 11 

15µf 

13 15 

.----- •10 

"W' 
TSC4429 

IN4004 

Figure 2. Motor Speed Controller 
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Package Power 
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AMBIENT TEMPERATURE ('C) 

1. Derate Plastic 5.88mW/°C 
2. Derate CerDIP 6.67mW/°C 

150 

3. Unless otherwise specified, die attach
ment is glass/epoxy 



HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 

Typical Application 

0, DRIVE SIGNAL 

CONDUCTION ANGLE 
CONTROL 0° TO 180° 

CONDUCTION ANGLE 
CONTROL 180° TO 360° 

WIMA 
MKS-2 r 0.1,1 

•15 

(X2) IN4448 

DRIVE 
LOGIC 

5.6 kn 

220 µf 50 v 
UNITED CHEMCON SXE 

Figure 3. Self Contained Voltage Doubler 

IN4002 (X2) 

35,f 50V l 

11-79 

TSC4420 
TSC4429 

liJ 

OE 

0, OF 3 PHASE MOTOR DRIVER 

USING TSC4420/4429 

30 I---+-->---+--+--+--+--+--

291---+-->---+---+--+---+--+--

~ 2s1---+-~_,,., ......... o::-1-+---t-+---t~ 
g 27 1---+--l--~1'..,~...__Jo~n_u_N'-+--+~ 

2•>---+---+-+---+N-+-~--+---+--
25..__.__....__...__..._...___.~--b::..-

0 20 40 60 BO 100 120 140 

MA~ 

• 



TSC4420 
TSC4429 
Supply Bypassing 

Charging and discharging large capacitive loads 
quickly requires large currents. For example, chang
ing a 2500pF load 18 volts in 25nS requires a 1.BA 
current from the device power supply. 

The TSC4420/4429 has double bonding on the 
supply pins, the ground pins and drive out pins. This 
serves to reduce parasitic lead inductance. This low 
inductance enables large drive currents to be 
switched very fast. It also reduces internal ringing that 
can cause voltage breakdown when the driver is 
operated at or near the maximum rated voltage. 

Internal ringing can also cause output oscillation 
due to feedback. This feedback is added to the input 
signal since it is referenced to the same ground. 

To guarantee low supply impedance over a wide 
frequency range, a parallel capacitor combination is 
recommended for supply bypassing. Low inductance 
ceramic disk capacitors with short lead lengths(< 0.5 
inch) should be used. A 1µF low ESR film capacitor 
in parallel with two .1µF low ESR ceramic capacitors, 
(such as AVX RAM GUARD®), provides adequate 
bypassing. Connect one ceramic capacitor directly 
between pins 1 and 4. Connect the second ceramic 
capacitor directly between pins 8 and 5. 

Grounding 
The high curent capability of the TSC4420/4429 

demands careful PC board layout for best perform
ance. Since the TSC4429 is an inverting driver, any 
ground lead impedance will appear as negative feed
back which can degrade switching speed. The feed
back is especially noticeable with slow-rise time in
puts, such as are produced by an open collector 
output with resistor pullup. The TSC4429 input struc
ture includes about 300mV of hysterisis to ensure 
clean transitions and freedom from oscillation, but 
attention to layout is still recommended. 

Figure 2 shows the feedback effect in detail. As 
the TSC4429 input begins to go positive, the output 
goes negative and several amperes of current flow in 
the ground lead. As little as o.o5n of PC trace 
resistance can produce hundreds of millivolts at the 
TSC4429 ground pins. If the driving logic is refer
enced to power ground, the effective logic input level 
is reduced and oscillation may result. 

To ensure optimum performance, separate ground 
traces should be provided for the logic and power 
connections. Connecting the logic ground directly to 
the TSC4429 GND pins will ensure full logic drive to 
the input and ensure fast output switching. Both of the 
TSC4429 GND pins should be connected to power 
ground. 

NEW PRODUCT INFORMATION 

Input Stage 
The input voltage level changes the no load or 

quiescent supply current. The N channel MOSFET 
input stage transistor drives a 25µA current source 
load. With a logic "1" input, the maximum quiescent 
supply current is 3mA. Logic "O" input level signals 
reduce quiescent current to 400µA maximum. 

The TSC4420/4429 input is designed to provide 
300mV of hysteresis. This provides clean transitions 
and minimizes output stage current spiking when 
changing states. Input voltage levels are approx-i 
mately 1.5V, making the device TTL compatible over 
the 4.5Vto 1 BVoperating supply range. Input current 
is less than 1 OµA over this range. 

The TSC4429 can be directly driven by the TL494, 
SG1526/1527, SG1524, TSC170, TSC38C42 and 
similar switch mode power supply integrated circuits. 
By offloading the power-driving duties to the 
TSC4420/4429, the power supply controller can 
operate at lower dissipation. This can improve per
formance and reliability. 

Power Dissipation 
CMOS circuits usually permit the user to ignore 

power dissipation. Logic families such as 4000 and 
74C have outputs which can only supply a few mil
liamperes of current, and even shorting outputs to 
ground will not force enough current to destroy the 
device. The TSC4420/4429 on the other hand, can 
source or sink several amperes and drive large ca
pacitive loads at high frequency. The package power 
dissipation limit can easily be exceeded. Therefore, 
some attention should be given to power dissipation 
when driving low impedance loads and/oroperating at 
high frequency. 

+18 v 

LOGIC 
GROUND o---.--" 

POWER 
GROUND 

300 mV 

+ 

18 v 

~ 2500 pF 

Figure 4. Switching Time Degradation Due to 
Negative Feedback 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 

The supply current vs frequency and supply cur
rent vs capacitive load characteristic curves will aid in 
determining power dissipation calculations. Also, 
Table 1 lists the maximum operating frequency for 
several power supply voltages when driving a 2500pF 
load. More accurate power dissipation figures can be 
obtained by summing the three power sources. 

Input signal duty cycle, power supply voltage, and 
capacitive load influence package power dissipation. 
Given power dissipation and package thermal resis
tance the maximum ambient operation temperature is 
easily calculated. The CerDIP 8-pin package junction 
to ambient thermal resistance is 150°C/W. At 25°C, 
the package is rated at800mW maximum dissipation. 
Maximum allowable chip temperature is 150°C. 

Three components make up total package power 
dissipation: 

• Capacitive load dissipation (Pc) 
• Quiescent power (P 0 ) 

• Transition power (PT) 
The capacitive load caused dissipation is a direct 

function of frequency, capacitive load, and supply 
voltage. The package power dissipation is: 

where: F = switching frequency 
C = capacitive load 
Vs= supply voltage 

Quiescent power dissipation depends on input sig
nal duty cycle. A logic low input results in a low power 
dissipation mode with only .45mA total current drain. 
Logic high signals raise the current to 5mA maximum. 
The quiescent power dissipation is 3mA: 

where: IH =quiescent current with input high 
(3mA Max) 

IL= quiescent current with input low 
(0.45mA Max) 

D = duty cycle 

Transition power dissipation arises because the 
output stage N and P channel MOS transistors are 
"on" simultaneously for a very short period when the 
output changes. The transition package power dissi
pation is approximately: 

TSC4420 
TSC4429 

An example shows the relative magnitude for each 
term. 

Example 1: 
C = 2500pF 
Vs= 15V 
D =50% 
f = 200kHz 
P 0 = package power dissipation= Pc+ PT+ P 0 

=112mW + 103mW + 26mW 
= 241mW 

TJ=TA+(9JAxP0 ) =61.22°C 
25°C + (150 x .241) 

where: TJ = junction temperature (150°C Max) 
TA= Ambient temperature 

eJA =Junction to ambient thermal resistance 
(150°C/W, CerDIP) 

NOTE: Ambient operating temperature should not 
exceed 85°C for "IJA" device or 125°C 
for "MJA" device. 

Table 1: TSC4429 Maximum Operating 
Frequency 

18V 
15V 
10V 
5V 

Max Frequency 

500KHz 
700KHz 
1.6MHz 
6.5MHz 

Conditions: 1. CerDIP Package (9JA = 150°C/W) 
2. TA= 2s 0 c 
3. CL= 2500pF 

+18 v 

18 v 

2.4 v 

~ 2500 pF 

Figure 5. Peak Output Curent Test Circuit 
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FEATURES 
• Converts +5 V Logic Supply to ±5 V System 
• Wide Input Voltage Range . . . . . 1.5 V to 10.0 V 
• Efficient Voltage Conversion . . . . . . . . . . . . 99.9% 
• Excellent Power Efficiency . . . . . . . . . . . . . . . 98% 
• Low Supply Current . . . . . . . . . . . . . 500 µA Max. 
• Cascade for Output Voltage Multiplication 
• Low Cost and Easy to Use 

- Only 2 External Capacitors Required 
• RS232 Negative Power Supply 
• Available in Small Outline SO Package 

GND 

LOGIC 
NETWORK 

• 



TSC7660 
GENERAL DESCRIPTION 

The TSC7660 DC to DC converter will generate 
a negative voltage from a positive source. With two 
external capacitors the TSC7660 will convert a 1.5 V to 
10.0 V input signal to -1.5 V to -10.0 V level. The 
TSC7660 easily generates -5 Vin +5 V digital systems. 

Many analog to digital converters, digital to 
analog converters, operational amplifiers, and multi
plexers require negative supply voltages. The TSC7660 
allows +5 V digital logic systems to incorporate these 
analog components wihtout adding an additional main 
power source. The TSC7660 can lower total system 
cost, ease engineering development and save space, 
power and weight. 

The TSC7660 charges a capacitorto the applied 
supply voltage. Internal analog gates connect the 
capacitor across the output. Charge is transferred to an 
output storage capacitor completing the voltage con
version. Operation requires only two external capacitors 
for supply voltage <6.5 V. 

Contained on-chip are a series DC power 
supply regulator, RC oscillator, voltage level translator, 
four output power MOS switches, and a unique logic 
element which senses the most negative voltage in the 
device and ensures that the output N-channel switches 
are not forward biased. This assures latch-up free 
operation. 

The oscillator, when unloaded, oscillates at a 
nominal frequency of 10 kHz for an input supply 
voltage of 5.0 volts. This frequency can be lowered by 
the addition of an external capacitor to the "OSC" 
terminal, or the oscillator may be overdriven by an 
external clock. 

The "LV" terminal may be tied to GROUND to 
bypass the internal series regulator and improve low 
voltage (LV) operation. At medium to high voltages 
(+3.5 to +10.0 volts), the LV pin is left floating to prevent 
device latchup. 

The TSC7660 open circuit output voltage is 
equal to the input voltage to within 0.1%. The TSC7660 
has a 98% power conversion efficiency for a 2-5 mA 
load currents. 

DC TO DC VOLTAGE CONVERTER 

Ordering Information 

Part No. Package Temperature Range 

TSC7660CPA 8-Pin Plastic DIP 0°C to +70°C 

TSC76601JA 8-Pin CerDIP -40°C to +85°C 

TSC7660MJA 8-Pin CerDIP -55°C to +125°C 

TSC7660COA 8-Pin SO 0°C to +70°C 

TSC7660/Y Chip 25°C 

Devices with MIL-STD-883 Processing 

TSC7660MJA/883 8-Pin CerDIP -55°C to +125°C 

Pin Configuration 
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PRODUCT INFORMATION 

Absolute Maximum Ratings 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.5 V 
LV and OSC Input Voltage 

TSC7660M ......................... -55°C to +125°C 
TSC7660C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0° C to 70° C 

{Note 1) ........... -0.3 v to {V+ +0.3 V) for v+ < 5.5 v 
{V+ -5.5 V) to {V+ +0.3 V) for V+ > 5.5 V 

Storage Temperature Range ............ -65° C to 150° C 
{Soldering, 10 sec.) ............................ 300° C 

Current into LV {Note 1) ............ 20 µA for V+ > 3.5 V 
Output Short Duration {VsuPPLY s 5.5 V) .... Continuous 
Power Dissipation {Note 2) 

CerDIP Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375 mW 

Operating Temperature Range 
TSC76601 ............................ -40° C to +85° C 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Operating Characteristics v+ = 5 v. TA= 25° c. Cose = o. Test Circuit Figure 1 {unless otherwise specified) 

LIMITS 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I+ Supply Current RL ="' 170 500 µA 

Supply Voltage Range - Hi 0°c s TA s 70°C, 3.0 6.5 v 
2 V+H1 RL = 10 kO, LV Open 

{Ox Out of Circuit) {Note 3) -55°C s TA s 125°C, 3.0 5.0 v 
10 kO. LV Open 

3 v\1 
Supply voltage Range - Lo MINS TA S MAX, 1.5 3.5 v 
{Ox Out of Circuit) RL = 10 kn, LV to GROUND 

4 V+H2 Supply Voltage Range - Hi MINS TA S MAX, 3.0 10.0 v {Ox In Circuit) RL = 10 kO, LV Open 

v\2 
Supply Voltage Range - Lo MINS TA S MAX, 5 {Ox In Circuit) RL = 10 kO, LV to GROUND 1.5 3.5 v 

louT = 20 mA, TA= 25°C 55 100 0 

louT = 20 mA, -40°C s TA s +85°C 130 0 
[I Device] 

louT = 20 mA, -20°C s TA s +70°C 120 0 
[C Device] 

6 RouT Output Source Resistance louT = 20 mA, -55°C s TA s 150 0 +125° C {Note 3) 

v+ = 2 V, louT = 3 mA, LV to GROUND 300 0 
-20°c s TA s +70°C 

V+ = 2 V, louT = 3 mA, LV to GROUND, 600 0 
-55°C s TA s +125°C 
{Note 3) 

7 lose Oscillator Frequency 10 kHz 

8 PEF Power Efficiency RL = 5 kO 95 98 % 

9 VouT EF Voltage Conversion Efficiency RL ="' 97 99.9 % 

10 Zosc Oscillator Impedance 
V+ = 2 Volts 1.0 MO 

V+ = 5 Volts 100 kO 

Notes: 
1. Connecting any input terminal to voltages greater than C+ or less than 2. Derate linearly above 50°C by 5.5 mW/°C. 

GROUND may cause destructive latchup. It is recommended that no inputs 3. TSC7660M only. 
from sources operating from external supplies be applied prior to ''power 
up·· of the TSC7660. 
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DC TO DC VOLTAGE CONVERTER 

TSC7660 
Typical Performance Characteristics (Circuit of Figure 1) 

Operating Voltage as 
a Function of Temperature 
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Output Source Resistance as 
a Function of Temperature 
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PRODUCT INFORMATION 

Typical Performance Characteristics (Circuit of Figure 1) 
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supply current that current fed directly into the 
load (AL) from V+ (see Figure 1). Thus, approxi
mately half the supply current goes directly to 
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1. For large value of Cose (>1000 pF) the values 
of C1 and C2 should be increased to 100 µF. 

2. Dx is required for supply voltages greater 
than 6.5 V @ -55° :5 TA :5 + 70° C; refer to per
formance curves for additional information. 
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the positive side of the load, and the other half, 
through the TSC7660, to the negative side of the 
load. Ideally, VouT = 2 V1N, Is""' 2 IL so V1N · lsc:.: 
VouT. IL. 

v' 

Figure 1: TSC7660 Test Circuit Figure 2: Chip Topography 

Circuit Description 
The TSC7660 contains all the necessary circuitry to com
plete a voltage doubler, with the exception of two external 
capacitors which may be inexpensive 1 O µF polarized electro
lytic capacitors. Operation is best understood by considering 
Figure 3, which shows an idealized voltage doubler. Capacitor 
C1 is charged to a voltage, V+, for the half cycle when switches 
S1 and S3 are closed. (Note: Switches S2 and S4 are open 
during this half cycle.) During the second half cycle of opera
tion, switches S2 and S4 are closed, with S1 and S3 open, 
thereby shifting capacitor C1 negatively by V+ volts. Charge 
is then transferred from C1 to C2 such that the voltage on C2 is 
exactly v+, assuming ideal switches and no load on C2. 

The 4 switches in Figure 3 are MOS power switches; S1 is a 
P-channel device and S2, 83 and S4 are N-channel devices. 

v+ o 

GND 

_n_fU1_ 

Sl.,....; 0 

I 
S2v-: 

: 
' C1 I 

' I 
' 

SJ S4 
0 

_1_-[>--l 
The main difficulty with this approach is that in integrating Figure 3: Idealized Switched Capacitor 
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TSC7660 
the switches, the substrates of Ss and S4 must always remain 
reverse biased with respect to their sources, but not so much 
as to degrade their "ON" resistances. In addition, at circuit 
startup, and under output short circuit conditions (Vour = v\ 
the output voltage must be sensed and the substrate bias 
adjusted accordingly. Failure to accomplish this would result 
in high power losses and probable device latchup. 

This problem is eliminated in the TSC7660 bya logic network 
which senses the output voltage (Vour) together with the 
level translators and switches the substrates or Ss and S4 to 
the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the TSC7660 is an integral 
part of the anti-latchup circuitry. It's inherent voltage drop 
can, however, degrade operation at I ow voltages. To improve 
low voltage operation the "LV" pin should be connected to 
GND, disabling the regulator. For supply voltages greater 
than 3.5 volts the LV terminal must be left open to insure 
latchup proof operation, and prevent device damage. 

Theoretical. Power Efficiency 
Considerations 
In theory a voltage multiplier can approach 100% efficiency if 
certain conditions are met: 

• The drive circuitry consumes minimal power 
• The output switches have extremely low ON resistance 

and virtually no offset. 
• The impedances of the pump and reservoir capacitors are 

negligible at the pump frequency. 

The TSC7660 approaches these conditions for negative vol
tage multiplication if large values of C1 and C2 are used. 
Energy is lost only in the transfer of charge between capaci
tors if a change in voltage occurs. The energy lost is defined by: 

V1 and V2 are the voltages on C1 during the pump and transfer 
cycles. If the impedances of C1 and C2 are relatively high at 
the pump frequency (refer to Figure 3) compared to the value 
of RL, there will be a substantial difference in the voltages V1 
and V2. Therefore, it is not only desirable to make C2 as large 
as possible to eliminate output voltage ripple, but also to 
employ a correspondingly large value for C1 in order to 
achieve maximum efficiency of operation. 

Do's And Don'ts 
• Do not exceed maximum supply voltages. 
• Do not connect LV terminal to GROUND for supply 

voltages greater than 3.5 volts. 
• Do not short circuit the output to v+ supply for supply 

voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

• When using polarized capacitors, the + terminal of C1 
must be connected to pin 2 of the TSC7660 and the 
+terminal of C2 must be connected to GROUND. 

• Add diode Dx as shown in Figure 1 for high-voltage, 
elevated temperature applications. A 1 N914 diode is 
suitable. 

DC TO DC VOLTAGE CONVERTER 

Considerations for High Voltage and 
Elevated Temperature 
The TSC7660 will operate efficiently over its specified temp
erature range with only two external passive c.ompon~nts 
(storage and pump capacitors), provided the operating sup
ply voltage does not exceed 6.5 volts at+ 70° C and 5.0 volts at 
+125°C. Exceeding these maximums at the temperatures 
indicated may result in desctructive latch-up of the TSC7660 
(Ref: Graph "Operating Voltage Vs. Temperature") 

Operation at supply voltages of up to 10.0 volts over the full 
temperature range without danger of latch-up can be achieved 
by adding a general purpose diode in series with the TSC7660 
output, as shown by "Dx" in the circuit diagrams. The effect 
of this diode on overall circuit performance is the reduction 
of output voltage by one dicide drop (approximately 0.6 volts). 

Typical Appllcatlons 
Simple Negative Voltage Converter 
Figure 4 shows typical connections to provide a negative 
supply where a positive supply is available. A similar scheme 
may be employed for supply voltages anywhere in the opera
ting range of +1.5Vto+10.0V, keeping in mind that pin 6 (LV) 
is tied to the supply negative (GND) only for supply voltages 
below 3.5 volts, and that diode Ox must be included for pro
per operation at higher voltage and/or elevated temperatures. 

The output characteristics of the circuit in Figure 4 are those of 
a nearly'ideal voltage source in series with 70 ohms. Thus for a 
load current of -10 mA and a supply voltage of +5 volts, the 
output voltage would be -4.3 volts. The dynamic output impe
dance due to the capacitor impedances is approximately 1/wC 
where: 

giving 1 

wC 2rr fosc x 10 -5 
3 ohms 

for C = 10 µF and f osc = 5 kHZ (1/2 of oscillator frequency) 

11-88 

10µF 

*Note: 
1: VouT = -n V+ FOR 1.5 V $ V+ $ 6,5 V 

Dx 

·--'4-· 
' ~vouT• 
l ! J.= ...... 
1.----..1 ..:~ 10µF 

2. VouT = -n (V+ -VFo~) FOR 6.5 V5 v+ $ 10.0 v 

Figure 4: Simpl.e Negative Con11erter 



PRODUCT INFORMATION 

Paralleling Devices 
Any number of TSC7660 voltage converters may be paralleled 
to reduce output resistance. The reservoir capacitor, C2, 
serves all devices while each device requires its own pump 

Figure 5: Paralleling Devices Lowers Output Impedance 

Cascading Devices 
The TSC7660 may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage, however, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 

10µF 

*Note: 
1. Vour = -n v• FOR 1.5 v ,; v• ,; 6.5 v 
2. Vour = -n (V+ -VFDx) FOR 6.5 V 5 v• 5 10.0 V 

TSC7660 
capacitor, C1. The resultant output resistance would be 
approximately 

Rour (of TSC7660) 
Rour = --------

n (number of devices) 

Vour = -n (V1N), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi
mately the weighted sum of the individual TSC7660 Rour 
values. 

1 oVoUT* 

-¥ 10µF 

Figure 6: Increased Output Voltage By Cascading Devices 

1QµF + 

Changing the TSC7660 Oscillator Frequency 
It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the osci Ila tor from an external 
clock, as shown in Figure 7. In order to prevent possible 
device latch up, a 1 k!l resistor must be used in series with the 
clock outpu~. In the situation where the designer has gene
rated the external clock frequency using TTL logic, the addi
tion of a 10 k!l pullup resistor to v+ supply is required. Note 
that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. Figure 7: External Clocking 
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TSC7660 
It is also possible to increase the conversion efficiency of the 
TSC7660 at low load levels by lowering the oscillator fre
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cose, as shown in 
Figure 8. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (C1) and 
the reservoir (C2) capacitors. To overcome this increase the 
values of C1 and C2 by the same factorthatthe frequency has 
been reduced. For example, the addition of a 100 pf capaci
tor between pin 7 (Osc) and v+ will lower the oscillator fre
quency to 1 kHz from its nominal frequency of 10 kHz (a 
multiple of 10), and necessitate a corresponding increase in 
the value of C1 and C2 (from 10 µF to 100 µF). 

c, 

Figure 8: Lowering Oscillator Frequency 

Positive Voltage Multiplication 
The TSC7660 may be employed to achieve positive voltage 
multiplication using the circuit shown in Figure 9. In this 
application, the pump inverter switches of the TSC7660 are 
used to charge C1 to a voltage level of v+ -VF (where V.,. is the 
supply voltage and VF is the forward voltage drop of diode D1). 
On the transfer cycle, the voltage on C1 plus the supply voltage 
(V+) is applied through diode D2 to capacitor C2. The voltage 
thus created on C2 becomes (2 v+) - (2 VF) or twice the sup
ply voltage minus the combined forward voltage drops of 
diodes D1 and D2. 

The source impedance of the output (Vour) will depend on 
the output current, but for v+ = 5 volts and an output current 
of 10 mA it will be approximately 60 ohms. 

Figure 9: Positive Voltage Multiplier 

DC TO DC VOLTAGE CONVERTER 

Combined Negative Voltage Conversion 
and Positive Supply Multiplication 
Figure 10 combines the functions shown in Figures4 and 9to 
provide negative voltage conversion and positive voltage 
multiplication simultaneously. This approach would be, for 
example, suitable for generating +9 volts and-5 volts from an 
existing +5 volt supply. In this instance capacitors C1 and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir respectively for the multiplied 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 

o, :f3 c, 

vour = (2v+) 
D2 - (VFD1) - (VF02) 

Figure 10: Combined Negative Converter and 
Positive Multiplier , 

Efficient Positive Voltage 
Multiplication/Conversion 
Since the switches that allow the charge pumping operation 
are bidirectional, the charge transer can be performed back
wards as easily as forwards. Figure 11 shows a TSC7660 
transforming -5 V to +5 V (or +5 V to +10 V, etc.). The only 
problem here is that the internal clock and switch-drive 
section will not operate until some positive voltage has been 
generated. An initial inefficient pump, as shown in Figure 10, 
could be used to start this circuit up, after which it will bypass 
the other (01 and D2 in Figure 10would never turn on) or else 
the diode and resistor shown dotted in Figure 11 can be used 
to "force" the internal regulator on. 

1Mr! t ' 
L---r·F 

v- INPUT 

Figure 11: Positive Voltage Conversion 
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PRODUCT INFORMATION 

Voltage Splitting 
The same bidirectional characteristics used in Figure 11 can 
also be used to split a higher supply in half, as shown in 
Figure 12. The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 6, 
+15 V can be converted (via +7.5, and -7.5 V) to a nominal 
-15 V, though with rather high series resistance (-250 0.). 

Figure 12: Splitting a Supply in Half. 

Negative Voltage Generation for 
Display ADCs 
The TSC7106 is designed to work from a 9 V battery. With 
fixed power supply system the TSC7106 will perform conver
sions with input signals referenced to power supply ground. 

"'"'" TSC7660 

f/983 
COMMON 
ANODE 
LED 
DISPLAY 

LED 
DRIVE 

TSC7660 

+5V 

~ ... 
TSC 

+ 9491 

I LCD v+ REF IN 36 
DRIVE 

g 
REF LO 

35 

8 COM 
32 

3 "'"'" TSC7106* 31 
IN HI 

IN LO 
30 

v-
-= 

26 
(-5V) 

*3'h DIGIT ADC 

Figure 13a: Fixed Power Supply Operation 
of TSC7106 ADC. 

+5 v 

v+ 

26 v- REF HI 
36 

REF LO 35 

"'"'" TSC7107A 32 
COM 

IN Ht 31 

} V1N 
30 

IN LO 

GND 

21 

-= -= 

}VIN 

Figure 13b: Negative Power Supply Generation for TSC7107A ADC 
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TSC7660 
Negative Supply Generation for 
4 1/2 Digit Data Acquisition System 
The TSC7136 is a 41/2 Digit ADC operating from ±5 V sup
plies. The TSC7660 inexpensively provides a -5 V source. 

+6V 

-6V 

20k 

"'" 
11 

V+ v-
13 TSC9491 81 

REF IN 82 14 

84 15 

BB 16 

OR 27 

-INPUT UR 28 

POL 23 
REF CAP-

06 12 

REF CAP: STROBE 26 

INT OUT RUN/HOLD 25 

.47µfd 

01 20 

BUFF OUT 02 19 NC 

"''" 
03 18 NC 

04 17 NC 

TSC7135 BUSY 21 NC 

DC TO DC VOLTAGE CONVERTER 

see AN16 and AN17for TSC7135 interface details and soft
ware routines. 

"'""'" TSC7660 

- '.;]_ +5V 
101'F -=" 

6502µP BUS 

20 /DATA BUS \ 
2 PAO 

3 PA1 DO 

4 PA2 ! ADDRESS 
BUS 

5 PA3 

6 PA4 07 

7 PA5 

8 PA6 
CONTROL 
BUS 

RSO 
g PA.7 

40 CA1 ' RS3 
39 CA2 

CS1 ADDRESS 
CS2 DECODER 

PBO-PB7 

RESET 

RIW 
SY6522 02 

IRQ 

CLOCK IN 22 CLOCK INPUT 

DIG GND 
f= 120kHz Vss 

24 1 

":" 

Figure 14: TSC7660 Supplies -5 V for Converters in Microprocessor Controlled Data Acquisition Systems. 
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PRODUCT INFORMATION 

Negative Supply Generation for TSC94XX Frequency to Voltage Converters. 

, --~---GAINSTAGE*~ 

..,.., TSC900/TSC7650 . 

R1 

''" 

lOµF 

FIV 

10 KHZ FULL SCALE 

""'"" TSC9400 

Cf 1000 pF 

~ RIPPLE ATTENUATOR ----------i 
10kn 

"*SETS VR INPUT AT -2.5 V. 

Figure 15: TSC7660 Supplies Negative Supply for TSC9400/9401/9402 Frequency to Voltage Converters. 
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TSC7662A 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

TS C 7662 A IMPROVED DC-DC CONVERTER 

FUNCTIONAL DIAGRAM 

FEATURES 
• Equivalent to ICL7662/Sl7661/TSC7660/LTC1044 
• Increased Output Current 40mA 
• No External Diodes Required 
• Wide Operating Range 3.0 to 18 Volts 
• Low Output Impedance 40Q Typical @ IL = 20 mA 
• No Low Voltage Terminal Required 
• CMOS Construction 

'------ov;, 

P SW1 

IP1N2 I 
o------0 CAP+ 

N SW4 + 
C1 

EXTERNAL 
IPIN3l 

o----o~-+-~~~~-----oGND 

+ 
N SW2 OUT C2 

[PltH[ 
EXTERNAL 

CAPACITOR 

CAP- R, 

N SW3 

[PINS[ 

v-ouT 
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General Description 
The TSC7662A is an improved version of the 

industry standard 7660/7662 Switched Capacitor DC
DC Converter. CMOS construction and advanced design 
result in a part that has twice the output power of the 
standard 7662 DC-DC converters and that requires 
fewer parts to use in many applications. 

The TSC7662A can source 40mA vs the 7662 
20mA capability. As an inverter the TSC7662A can put 
out voltages as high as 18V and as low as 3.0V without 
the need for external diodes. The output impedance of 
the device is a low 40 ohms, typical voltage con
version efficiency is 99.9% and power conversion effi
ciency is 97%. 

The low voltage terminal, pin 6, required in some 
7662 applications has been eliminated. Only two 
external capacitors are required for inverter applications. 
If an external clock is needed to drive the TSC7662A 
(such as when paralleling) driving pin 7 directly will 
cause the internal oscillator to sync to the external clock. 

The TSC7662A can be used in applications such as 
VouT = -V1N, VouT = 2V1N, VouT = V1N/2, and VouT = ± nV1N. 

The TSC7662A can be used as a DC-DC inverter, 
as a doubler, as a plus and minus supply spliter and 
when combined with other TSC7662A's as a voltage 
multiplier greater than two. 

The TSC7662A is compatible with the L TC1044, 
ICL7660, ICL7662, Sl7661, and TSC7660. It should be 
used in designs that require greater power and/or less 
input to output voltage drop. 

NEW PRODUCT INFORMATION 

Ordering Information 

Part No. Package Temp. Range 

TSC7662ACPA 8-pin Plastic DIP o to 70°C 

TSC7662AIJA 8-pin CerDIP -40 to 85°C 

TSC7662AMJA 8-pin CerDIP -55 to 125°C 

TSC7662AMJA 8-pin CerDIP -55 to 125°C 

TSC7662AMJN883 8-pin CerDIP -55 to 125°C 

TSC7662ACY Chip 25°C Only 

Pin Configuration 
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DC-DC CONVERTER 

Absolute Maximum Ratings 

Supply voltage v;to Vs ........•...•........ 18 V 
Input voltage . . . . . . . . . . . . . . . (V; + 0.3) to (Vs - 0.3) 
(Any Pin) 
Storage temperature . • . . . . • . . . . . . . -55°C to 150°C 
Lead temperature • . . . . . . . (soldering 1 O sec) 300°C 
Current into any pin . . . • . . . • . . . . . • . . . . . . . . . . 1 OmA 
Operating temperature range 

TSC7662ACPA ...•..........•...... 0° to 70°C 
TSC7662AIJA . . . . . . . . . . . . . . . . . -40°C to +85°C 

TSC7662A 
TSC7662AMJA . . . . . . . . . . . . . . . -55°C to +125°C 

Max dissipation 
CPA375 mW 
IJA500 mW 

MJA500mW 

8JA 

140°C/W 
90°C/W 
90°C/W 

ESD Protection . .. .. . .. . . .. .. . . . . .. .. .. . ±2000V 

Output will withstand a continuous short circuit at 5.5 
Volts input. 

Electrical Characteristics v; = 15V TA= 25°C (See Test Circuit) 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

v; Supply Voltage 3.0 18 Volts 

Is Supply Current AL= 00 

v;= 15V TA= 25°C 510 700 µA 
o::sT A:570°C 560 µA 
-55:5T A:5125°C 650 µA 

v;=5V TA= 25°C 190 µA 
0:5TA:570°C 210 µA 
-55:5T A:5125°C 210 µA 

Ro Output Source IL = 20mA, v; = 15V 40 50 n 
Resistance 

IL= 40mA, v; = 15V 50 60 n 
IL= 3mA, v; = 5V 100 125 n 

Cose Oscillator 12 KHz 
Frequency 

PEFF Power v; = 15V 93 97 % 
Efficiency AL= 2Kn 

VoEF Voltage v; = 15V 99 99.9 % 
Efficiency AL= 00 

Over Temp Range 96 % 

Test Circuit 

8 
NC 

I {+5v) 

•'' 
5 

Vour .__ ___ _,,._ -1-sv1 

C,~10µF 
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TSC7662A 
APPLICATIONS INFORMATION 

Theory of Operation 
The TSC7662A is a capacitive pump (sometimes 

called switched capacitor circuit) where four MOSFET 
switches control the charge and discharge of a capacitor. 

The Functional diagram (page 1) shows how the 
switching action works. sw.1 and . SW2 are turned on 
simultaneously, charging C1 to the supply voltage Vs+. 
This assumes that the on resistance of the MOSFETs in 
series with the capacitor results in a charging time (3 
time constants) that is less than the on time provided by 
the oscillator frequency as shown in EQ 1. 

(EQ 1) 3(RoscoNJ C1) <C1 /(.5 fosc)] 

In the next cycle SW1 and SW2 are turned off and 
after a very short interval of all switches being off, (this 
prevents large currents from occuring due to cross 
conduction) SW3 and SW4 are turned on. The charge in 
C1 is then transferred to CouT, BUT WITH THE POLARITY 
INVERTED. In this way a negative voltage is now 
derived. 

An oscillator supplies pulses to a flip-flop that is then 
fed to a set of level shifters. These level shifters then 
drive each set of switches at one half the oscillator 
frequency. 

The oscillator has a pin that controls the frequency 
of oscillation. Pin 7 can have a capacitor added that is 
run to ground. This will lower the frequency of the 
oscillator by adding capacitance to the timing capacitor 
internal to the TSC7662A. (See Oscillator Frequency vs. 
CEXT on page 6). 

Capacitors 
In early charge pump converters the capacitors 

were not considered critical due to the high Ros10N1 of the 
MOSFET switches. In order to understand this, let's look 
at a model of a typical electrolytic capacitor. (See 
capacitor equivalent circuit). 

Note that one of its characteristics is ESR or 
equivalent series resistance. This parasitic resistance 
winds up in series with the load. Thus both voltage 
conversion efficiency and power conversion efficiency 
are compromised if a low ESR capacitor is not used. 

In the test circuit on Page 3 for example, changing 
CP and C, from a capacitor with typical ESR to a low ESR 
type, the effective converter output impedance changed 
from 45 to 40 ohms, an improvement of 12%. 

NEW PRODUCT INFORMATION 

EPA 

l ;:w:1c I 
Capacitor Equivalent Circuit 

This applies to all types of capacitors including film 
types (polyester, polycarbonate, etc.). 

Some applications information suggest that the 
capacitor is not critical and contribute the limiting factor 
of the capacitor to its reactive value. Lets examine this. 

Z= _1_ 
27TFC 

For the TSC7662A, F = 12000 Hz, and a typical 
valu.e of.C would be 1 OµF. This is a reactive impedance 
of= 1.33n. If the ESR is as great as 5n, then the reactive 
value is not as critical as it would first appear as the ESR 
would predominate. The 5n value is typical of a general 
purpose electrolytic. 

Other converters such as the TSC965 are better 
suited for series voltage multiplication applications. 

Synchronizing 
The TSC7662A may be synchronized by sourcing a 

5µs, 5µa clock pulse to pin 7. Care should be taken not to 
overdrive pin 7 beyond 5V. 

A TTL voltage level driving a diode and 100K 
resistor in series to pin 7 is a recommended procedure. 

Q 

TTL 
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DC-DC CONVERTER 

Typical Applications 

v• 

7 

TSC7662A 6 

5 Vout=wV.+ 

+ 10µF 
C,2T 

c,1 V 
"----~- .... ______ _. 

C,1i10µF 

Combined Negative Converter and Positive Multlpller 

v· 

~ .... 
TSC7662A 

2 7 
~ .... 

TSC7662A 6 C,2 

5 

Lowering Output Resistance by Paralleling Devices 

Supply Current vs. Temperature 
700 

500 

j 
!z 
w 400 CI: 
CI: 

a 
::; 
Cl. 

300 Cl. 
:::l 

"' 
200 

100 

-60 -40 -20 20 40 

TEMPERATURE (0 C) 
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NEW PRODUCT INFORMATION 

Oscillator Frequency vs CExT 

1 KHzt-----+---+---+--+-"'--+~~-l---+---+----+----1 
"l 

100 Hzt----+---t---+--+----+--+---"J-+-~-3-.-+------1-----1 
~ 

10HZ>----+--~--~--'----+--~---'----'-----'---~ 
1 10 100 1000 

Frequency vs Temperature 
20 KHz 

CAPACITANCE (pF) 

10000 

18KHz1----=-+---+----+---t-----+---+----+-----<t-----+--~ 

N 16KHz1-----+---~>----"~~--+---1-----+---+----+-----<>-----+--~ 

14KHzf----+---+---+~--"""""'~-~-+---t----+---+---+-----l 
12 KHZf----+---+---+---t-~---+t>...-~~--+---t----+-----l 
10 KHz1----+---+---+---t----+---Nt----+1'.,,-----'---+---+-----l 

~ BKHz1-----+---+----+---1-----+---+----+--->-----+~--~--< 

GKHz~-6-0---~40----2~0---+---2~0--~40 ___ 6,_0 __ 80~-~10~0--1~20=-----,1~40 

TEMPERATURE (0 C) 
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DC-DC CONVERTER 

Output Resistance vs Temperature 
160 

20'-----'------'----'-----'----'----'----'---'---~':----:-:' 
-60 -40 -20 20 40 60 80 100 120 140 

TEMPERATURE l'C) 

Power Conversion Efficiency vs. ILoAo 
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- L v r ----...... 
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tb ~ ~ ~ 
~ 601---1-----1--+---+--+~--,~JIC-+---+---lf---""'~"-~---I 190 ~ 
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NEW PRODUCT INFORMATION 

Output Resistance vs Input Voltage (Typical) 
110 
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80 
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TSC9100 
TSC9101 

1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

Functional Diagram 

BIAS 

© 1988 

FB 

Current 
Sources 

COMP 

Error 
Amplifier 

To 
Internal 

1.2 v 

Features 
• 10 to 70 V Input Range 
• Current-mode Control 
• On chip 150 V, 5 fl MOSFET Switch 
• Reference Selection 

TSC9100 ................................. ±10/o 
TSC9101 .....................•.......... ±100/o 

• High Efficiency Operation ................... > 800/o 
• Internal Start-up Circuit 
• Internal Oscillator (up to 1 MHz) 

Applications 
• ISDN Terminals 
• PBX Equipment 
•Modems 
• Feature Telephones 
• DC/DC Converters 
• Distributed Power Systems 

DISCHARGE OSC 
IN 

osc 
OUT 

DRAIN 

Circuits ~-----------+---+----------+--<) SOURCE 

8.1 v 

8.6 v 

Undervoltage 
Comparator 
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TSC9100 
TSC9101 

General Description 

The TSC91OO/TSC9101 high-voltage switchmode regulators are 
monolithic D/CMOS integrated circuits which contain most of 
the components necessary to implement a 1-Watt, high
efficiency DC to DC converter. They can either be operated from 
a low-voltage DC supply, or directly from a 10 to 70 V unregulated 
DC power source. 

The switchmode regulator subsystem includes high-voltage 
startup circuitry, oscillator, voltage reference, current-mode 
PWM circuitry and a high-speed, 150 V, 5 n MOSFET switch. 
Additional features include primary current sense, SHUTDOWN 
and RESET logic inputs, and external clock synchronization. This 
device may be used with an appropriate transformer to imple
ment most single-ended isolated power converter topologies (i.e., 
flyback and forward), or by using an external reference can 
generate a + 5 V non-isolated output from a - 48 V source. 

The TSC9100/TSC9101 is available in 14-pin plastic, CerDIP and 
PLCC 20-pin packages, and is specified over the military, M suf
fix (-55 to + 125°C) and industrial E suffix (-40 to +85°C) 
temperature ranges. 

Pin Configuration 

Oual-ln-Une Package 

14 

13 

12 

11 

10 

9 

Top Vlew 

Order Numbers: 

CerDIP: TSC9100EJF, TSC9101 EJF 

Plastic: TSC91 OOEPF, TSC9101 EPF 

4 

5 

6 

7 

PLCC Package 

3 2 1 20 19 

9 10 11 12 13 

Top View 

Order Numbers: 

TSC9100ENP, TSC9101ENP 

18 

17 

16 

15 

14 

1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

Absolute Maximum Ratings 

Voltage Referenced to - V1N 
Vee ......................................... 15.0 V 
+V1N .......................................... 70 V 
Vos .......................................... 150 V 
10 (Peak) (300 µ,S pulse, 2% duty cycle) .. , .......... 2.5 A 
10 (rms) ..................................... 350 mA 
Logic Inputs (RESET, SHUTDOWN, 

OSC IN) ....................... -0.3 V to Vcc+0.3 V 
Linear Inputs (FEEDBACK, SOURCE) ..... -0.3 V to 7.0 V 
HV Preregulator Input Current (continuous) .......... 3 mA 
Storage Temperature (M Suffix) .......... -65 to +150°C 

(E Suffix) .......... -65 to +125°C 
Operating Temperature (M Suffix) ........ -55 to + 125°C 

(E Suffix) .......... -40 to +85°C 
Junction Temperature {TJ) ..................... + 150°C 

Power Dissipation (Package)1 
14-Pin Ceramic DIP (K Suffix)2 ................. 1000 mW 
14-Pin Plastic DIP (J Suffix)3 ................... 750 mW 
20-Pin PLCC (N Suffix)4 ..........•..••..•..•. 1400 mW 

Thermal Impedance (OJA) 
14-Pin Ceramic DIP ........................ + 100°c1w 
14-Pin Plastic DIP .......................... + 167°C/W 
20-Pin PLCC ... ''''.''.'' '' ... '.'.'' '.''.'' +90°C/W 
NOTES: 1 Device mounted with all leads soldered or welded to PC board 

2oerate 10 mW/°C above + 50°C 
aoerate 6 mW/°C above + 25°C 
4Derate 11 mW/°C above + 25°C 

FUNCTION 14-PIN DIP 
PIN# 

BIAS 1 

+V1N 2 
DRAIN 3 

SOURCE 4 

-V1N 5 

Vee 6 
OSC OUT 7 
OSCIN 8 

DISCHARGE 9 

VREF 10 
SHUTDOWN 11 

RESET 12 
COMP 13 

FB 14 

PLCC-20* 
PIN# 

2 
3 
5 
7 
8 
9 
10 
11 
12 
14 
16 
17 
18 
20 

*Pins 1, 4, 6, 13, 15 and 19 = N/C 
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1-WATT, HIGH VOLTAGE 
SWITCH MODE REGULATORS TSC9100 

TSC9101 

Electrical Characteristics: DISCHARGE = -V1N = 0 V, Vee = 10 V, +V1N = 48 V, Rs1AS = 390 kO, Rose = 330 kO, 
T = +25°C, unless otherwise indicated. 

LIMITS 
M SUFFIX E SUFFIX 

-55 to +125°C -40 to +B5°C 
SYMBOL PARAMETER CONDITIONS TYP' MIN MAX MIN MAX UNIT 

Reference 

VA Output Voltage RL = 10 Mn 4.0 v (See Detailed Description) 

Zour Output Impedance 30 kn 

Short Circuit Current VREF = -VIN 100 µA 

Temperature Stability See Note 3 mvt°C 

Oscillator 
lose Maximum Frequency Rose= O 3 MHz 

Initial Accuracy See Note 4 100 80 120 80 120 kHz 

Vose Voltage Stability 9.5V:s,Vee:5 =13.5V ±3 % 

Temperature Coefficient See Note 3 500 ppm/°C 

Error Amplifier 
FB tied to COMP TSC9100 4.00 3.96 4.04 3.96 4.04 v 

VFB Feedback Input Voltage See Detailed Description 
Reference Section TSC9101 4.00 3.60 4.40 3.60 4.40 v 

Input BIAS Current VFB = 4.0 V 25 500 500 nA m 
AvoL Open Loop Voltage Gain 80 60 60 dB 

Unity Gain Bandwidth MHz 

Zour Output Impedance 50 kn 

lour Output Current Source V FB = 3.4 V 2.0 1.4 1.4 mA 
Sink VFB = 4.5 V 0.15 .12 .12 mA 

PSRR Power Supply Rejection 9.5 V:s,Vee:5 = 13.5 V 70 dB 

Current Limit 

VsouReE Threshold Voltage 
RL = 100 n from DRAIN to 
Vee 1.2 1.0 1.4 1.0 1.4 v 
VFB = 0 V 

td Delay to Output RL = 100n from DRAIN to Vee 150 200 200 ns 
VsouRCE = 1.4 V, See Figure 1 

Preregu lator/Startu p 
+V1N Input Voltage l1N = 100 µA 70 70 v 

+l1N Input Leakage Current Vee;o,9.4 V 10 10 µA 

Vee Preregulator Turn-OFF 
IPREAEGULATOR = 10 µA 8.6 9.4 9.4 v Threshold Voltage 

Undervoltage Lockout Rt= 100n from DRAIN to Vee 8.1 8.9 8.9 v (See Detailed Description) 

© 1988 

11-105 



1-WATT, HIGH VOLTAGE 
TSC9100 SWITCH MODE REGULATORS 
TSC9101 

Electrical Characteristics: DISCHARGE = -V1N = 0 V, Vee = 10 V, +V1N = 48 v, Rs1AS = 390 kO, Rose = 330 kO, 
T = +25°C, unless otherwise indicated. 

LIMITS 
M SUFFIX E SUFFIX 

-55 to +125"C -40 to +B5°C 
SYMBOL PARAMETER CONDITIONS TYP• MIN MAX MIN MAX UNIT 

Supply 

Ice Supply Current 0.6 1.0 1.0 mA 

l01AS Bias Current 15 µA 

Logic 
VsouRCE = -V1N tso SHUTDOWN Delay See Figure 2 50 100 100 ns 

tsw SHUTDOWN Pulse Width See Figure 3 50 50 ns 

tRw RESET Pulse Width See Figure 3 50 50 ns 

tLW 
Latching Pulse Width 

See Figure 3 25 25 ns SHUTDONN and RESET I.DIV 

VIL Input LOW Voltage 2.0 2.0 v 

V1H Input HIGH Voltage 8.0 8.0 v 

l1H 
Input Current 

V1N = 10V 5 5 µA Input Voltage HIGH 

l1L 
Input Current 

V1N = OV -25 -35 -35 µA Input Voltage LOW 

MOSFET Switch See Note 3 

V(BR)DSS Breakdown Voltage VsouRcE = VsHuTDOWN = O V 180 150 150 v 
IDRAIN = 100µA 

Drain-Source ON See Note 5 
ros(ON) Resistance VsouRCE = O V 3 5 5 !l 

loRAIN = 100 mA 

loss Drain OFF Leakage Current V SOURCE = V SHUTDOWN = 0 V 10 10 µA 
VoRAIN = 100 V 

Cos Drain Capacitance VsouRcE = VsHuTDOWN = 0 V 250 pF 

NOTES: 1. Guaranteed by design, not subject to production test. 3. Temperature = +125, +85°C; -55, -40°e 
2. Typical Values are for DESIGN AID ONLY, not guaranteed nor 4. eSTRAY Pin 8 = 0 pF. 

subject to production testing. 5. Temperature coefficient of r DS(DNl is 0.75% per °C, typical. 

© 1988 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

Timing Waveforms 

1.4 V
SOURCE 

0 

Ve 
DRAIN 

0 

Vee 
SHUTDOWN 

0 - 50% 

tsw 

Vee 
SHUTDOWN 

Vee 
DRAIN 

0 

50% tR, tF s 10 ns 

TSC9100 
TSC9101 

Vee '"k 'cw F RESET 
0 -

lRW 

Figure 3 

Typical Characteristics 

+V1N vs. +l1N at Startup 

140 ,......,......,.. ..... -.,..-..,......,........,.......,-.,......, 

: :: :=:=V=e:e == :=vi=IN=:=:==:=:=:==:~: 
80 t--+---+---1-+--+---t--+--ic--'f--1 

+V1N 
(V) 60 t--t---+---t-+--+---t--+--1vrj~---i 

40 t---+---t---+-;---+--+--+~-t--1 

.% 20 l--+--t---+-t---b.""1"''-+--t-t--1 
1--l--r 0 ..... _._ ..... __.. ________ __..__.._~ 

10 15 
+l1N (mA) 

20 

Figure 4 and Figure 5 
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Output Switching Frequency vs. Oscillator 
Resistance 

1 M 

fouT 100 K 
(Hz) 

10 K 
10 k 
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TSC9100 
TSC9101 
Detailed Description 
Preregulator/Startup Section 
Due to low quiescent current requirement of the TSC9100 con
trol circuitry, bias power can be supplied from the unregulated 
input power source, from an external regulated low-voltage 
supply, or from an auxiliary "bootstrap" winding on the output 
inductor or transformer. 

When power Is first applied du.ring startup, + V1N (pin 2) will 
draw a constant current. The magnitude of this current is deter
mined by a high-voltage depletion MOSFET device which is con
nected between + V1N and Vee (pin 6). This startup circuitry 
provides initial power to the IC by charging an external bypass 
capacitance connected to the Vee pin. The constant current is 
disabled when Vee exceeds 8.6 V. If Vee is not forced to 
exceed the 8.6 V threshold, then Vee will be regulated to a 
nominal value of 8.6 V by the preregulator circuit. 

As the supply voltage rises toward the normal operating condi
tions, an internal undervoltage (UV) lockout circuit keeps the out
put MOSFET disabled until Vee exceeds the undervoltage 
lockout threshold (typically 8.1 V). This guarantees that the con
trol logic will be functioning properly and that sufficient gate drive 
voltage is available before the MOSFET turns ON. The design 
of the IC is such that the undervoltage lockout threshold will not 
exceed the preregulator turn-off voltage. Power dissipation can 
be minimized by providing an external power source to Vee 
such that the constant current source is always disabled. 

NOTE: During startup or when Vee drops below 8.6 V the 
startup circuit is capable of sourcing up to 20 mA. This may lead 
to a high level of power dissipation in the IC (for a 48 V input, 
approximately 1 W). Excessive startup time can result in device 
damage. See Figure 4 for calculation of power dissipation 
during startup. 

Bias 
To properly set the bias for the TSC91 oo, a 390 kO resistor 
should be tied from BIAS (pin 1) to - V1N (pin 5). This deter
mines the magnitude of bias current in all of the analog sec
tions and the pull-up current for the SHUTDOWN and RESET 
pins. The current flowing in the bias resistor is nominally 15 µA. 

Reference Section 
The reference section of the TSC9100 consists of a temperature 
compensated buried zener and trimmable divider n.etwork. The 
output of the reference section is connected internally to the non
inverting input of the error amplifier. Nominal reference output 
voltage is 4.0 V. This automatically compensates for the input 
offset voltage in the error amplifier. 

The output impedance of the reference section has been purposely 
made high so that a low impedance external voltage source can 
be used to override the internal voltage source, if desired, without 
otherwise altering the performance. of .the device. 

Applications which use a separate external reference, such as 
non-isolated converter topologies and circuits employing optical 
coupling in the feedback loop, do not require a trimmed voltage 
reference with 1 % accuracy. The TSC9101 accommodates the 
requirements of these applications at a lower cost, by leaving 
the reference voltage untrimmed. The 10% accurate reference 
thus provided is sufficient to establish a DC bias point for the 
error amplifier. 

1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

Error Amplifier 
Closed-loop regulation is provided by the error amplifier, which 
is intended for use with "around-the-amplifier" compensation. 
An MOS differential input stage providesfor low input current. 
The non-inverting input to the error amplifier (VReF) is internally 
connected to the output of the reference supply and should be 
bypassed with a small capacitor to ground. 

Oscillator Section 
The oscillator consits of a ring of CMOS inverters, capacitors, 
and a capacitor discharge switch. Frequency is set by an exter
nal resistor between the OSC IN and OSC OUT pins. (See Figure 
5 for details of resistor value vs. frequency.) The DISCHARGE 
pin should be tied to - V1N for normal internal oscillator opera
tion. A frequency divider in the logic section limits switch duty 
cycle to s50% by locking the switching frequency to one half 
of the oscillator frequency. 

Remote synchronization pulse into the OSC IN (pin 8) terminal. 
For a 5 V pulse amplitude, typical values would be 1000 pF in 
series with 10 kO to pin 8. 

SHUTDOWN and RESET 
SHUTDOWN (pin 11) and RESET (pin 12) are intended for over
riding the output MOSFET switch via external control logic. The 
two inputs are led through a latch preceding the output switch. 
Depending on the logic state of RESET. SHUTDOWN can be 
either a latched or unlatched input. The output is OFF whenever 
SHUTDOWN is low. By simultaneously having SHUTDOWN and 
RESET low, the latch is set and SHUTDOWN has no effect until 
RESET goes high. The truth table for these inputs is given in 
Table 1. 

Both pins have internal current source pull-ups and can be left 
disconnected when not in use. An· added ieature of the current 
sources is the abilltyto connect a capacitor and an open-collector 
driver to the SHUTDOWN or RESET pins to provide variable 
shutdown time. 

Output Switch 
The output switch is a 5 0, 150 V lateral DMOS device. Like 
discreet MOSFETs, the switch contains an intrinsic body-drain 
diode. However, the body contact in the TSC9100 is connected 
internally to - V1N and is independent of the SOURCE. 

Table 1: Truth Table for the SHUTDOWN and RESET pins 

SHUTDOWN RESET OUTPUT 

H H Normal Operation 

H ,_ Normal Operation 
(No Change) 

L H OFF (Not Latched) 

L L OFF (Latched) 

J L OFF (Latched) (No Change) 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

Applications 

Buck-Boost Non-Isolated 1 W Supply 

L1 C5 
150 µH 220 ljF cs 

2 @0.2 ADC 10 0.1 µF 

1N5BOS 
3 

R3 CR1 
150 k 

C1 C2 

"""" 01 20µF 0.1 
µF TSC9101 MPSA93 

s U1 
300 k 

C7 10 4 RS 
0.1 10 k 
µF CB R2 

0.1 5 9 
10 

µF R1 1/2W 390 k 
-4B v 

Non-Isolated 1 W Supply (Buck) 

C5 cs 1N5806 2~~ ljF 
2 CR1 0.1 µF 

R3 
150 µH 

150 k 
@0.2 ADC 

C1 C2 ..,... 
20µF 0.1 

µF TSC9101 
6 01 

U1 MPSA93 

C7 10 4 
300 k 

0.1 
R2 µF CB RS 

0.1 10 10 k 
µF R1 5 9 

1/2W 390 k 
-4B v 
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RB 
10 k 
1% 

R9 
10 k 
1% 

R7 
3.9 k R10 

5 k 

TL 
431C 

U2 

RB 
10 k 
1% 

R9 
10 k 
1% 

R10 
5k 

TL 
431C 

U2 

TSC9100 
TSC9101 

GND 

+5 v 
200 mA 

GND 

-5 v 
200 mA 

m 



TSC9100 
TSC9101 

1-WATT, HIGH VOLTAGE 
SWITCHMODE REGULATORS 

Applications (Cont.) 

One Watt Flyback Converter for Telecommunications Power Supplies* 

1N5819 

3 

100 µH 
GNDO .JJ.....U..J.. 

2 l. 
~ 

0.1 µF 

4 

;; 20 µF 150 µH ~ 

,J 
5 

7 

0.1 µF 

6 

1N5819 

1 14 
s1s k!l ~ 

..JL l ~ 
..1. 13 \/\A, 1 

2:0\n 0.022 µF 
. <- ~ ..., .... ~ 8 <" 390 kn 

4 TSC9100 ill 
5 10 

....___§_ 9 *1 µF 

,.z. ~ 

> 1!1 =l= 0.1 µF ~12 k!l 

1 11/2W ~x~ kn 

T 

1N4148 

-V1N (-48 VDC) 

*For additional information on using the TSC9100 in telecommunications and ISDN power supplies, 
see AN35 and AN36. 

Dual-In-Line Burn-In Circuit 

NOTES: 1. R1 = 390 k!l, V. W 
2. R2 & R3 = 1 k!l, 2 W 
3. R4 = 100 !!, y, W 
4. R5 = 330 k!l, 1;, W 
5. F1 , F2 = 1/1s A 
6. C1 = 0.1 µF, 50 V 

11-110 

+5 v 

100 µF 

GND 

22 µF 

-5 v 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 

PLCC Burn-In Circuit 

70 v 

120 v 

10 v 

© 1988 
11-111 

TSC9100 
TSC9101 

NOTES: 1. R1 = 390 kn, 1/4 W 
2. R2 & R3 = 1 kQ, 2 W 
3. R4 = 100 n, 1/4 W 
4. R5 = 330 kO, 1/4 W 
5. F,,F2 = 1/16A 

6. C1 = 0.1 µF, 50 v 

m 



Notes 

ENGINEER: __________________________ DEPT:-----

PROJECT: DATE:-----

DESCRIPTION---------------------------------
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~"'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

HIGH-VOLTAGE 

TSC9110 
TSC9111 

SWITCHMODE CONTROLLERS 

Functional Diagram 

BIAS 0-'---~ 

FB 

14 

Current 
Sources 

Error 
Ampllfler 

COMP 

To 
Internal 

DISCHARGE 

1.2 v 

Features 
• 10 to 120 V Input Range 
• Current-mode Control 
• High-Speed, Source-Sink Output Drive 
• High Efficiency Operation ................... > 80% 
• Internal Start-up Circuit 
• Internal Oscillator (up to 1 MHz) 
• Reference Selection 

TSC9110 ................................. ±1% 
TSC9111 ................................ ±10% 

Applications 
• DC/DC Converters 
• Distributed Power Systems 
• ISDN Equipment 
• PBX Equipment 
•Modems 

osc osc 
IN OUT 

Circuits '-------------+--+-------------<> 
v cc o-=-----

8.1 v 

8.6 v 

Pr.regulator/Startup 

© 1988 

Undervoltage 
Comparator 
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TSC9110 
TSC9111 

General Description 

The TSC911 O/TSC9111 are D/CMOS integrated circuits designed 
for use as high-performance switchmode controllers. A high-voltage 
DMOS input allows the controller to work over a wide range of input 
voltages (10- to 120-VDC). Current-mode PWM control circuitry is 
implemented in CMOS to reduce internal power c6nsumption to 
less than 10 mW. 

The on-chip oscillator frequency is set by an external resistor, 
and can be easily synchronized to an external system clock. 
SHUTDOWN and RESET inputs allow external logic control, and 
these inputs can also be used to provide a variable shutdown 
time for fault protection. A push-pull output driver provides high
speed switching for MOSPOWER devices large enough to 
supply 50 W of output power. When combined with an output 
MOSFET and transformer, the TSC9110 or TSC9111 can be 
used to implement most single-ended power converter topol
ogies (i.e., flyback and forward). 

The TSC9110 and TSC9111 are available in 14-pin plastic, SO-IC 
and CerDIP packages, and are specified over the military, M 
suffix (-55 to + 125°C) and industrial, E suffix (-40 to +85°C) 
temperature ranges. 

Pin Configuration 

Dual-Jn-Line Package 

Top View 

Order Numbers: 

FB 

COMP 

RESET 

SHUTDOWN 

VREF 

eerDIP: TSe9110EJF, TSe9111EJF 

Plastic: TSe911 OEPF, TSe9111 EPF 

HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS 

Absolute Maximum Ratings 

Voltage Referenced to - V1N 
Vee ......................................... 15.0 V 
+V1N ......................................... 120 V 
Logic Inputs (RESET, SHUTDOWN, 

OSC IN) ....................... -0.3 V to Vee+0.3 V 
Linear Inputs (FEEDBACK, SENSE) ....... -0.3 V to 7.0 V 
HV Preregulator Input Current (continuous) .......... 3 mA 
Storage Temperature (M, E Suffix) ........ -65 to +150°C 
Operating Temperature (M Suffix) ........ -55 to +125°C 

(E Suffix) .......... -40 to +85°C 
Junction Temperature (TJ) ..................... + 150°C 

Power Dissipation (Package)' 
14-Pin Ceramic DIP (K Sulfix)2 ................. 1000 mW 
14-Pin Plastic DIP (J Suffix)3 . 750 mW 
14-Pin SO-IC (Y Suffix)• ....................... 800 mW 

Thermal Impedance (OJA) 
14-Pin Ceramic DIP ........................ + 100°C/W 
14-Pin Plastic DIP .......................... + 167°C/W 
14-Pin SO-IC .............................. +140°C/W 
NOTES: 1oevice mounted with all leads soldered or welded to PC board 

2oerate 10 mW/°C above + 50°C 
aoerate 6 mW/°C above +25°C 
4Derate 7 mW/°C above +25°C 

SO Package 

14 13 12 11 10 9 

(Same pinout as Dual-In-Line) 

Top View 

Order Numbers: 

TSe911 OEOF, TSC9111 EOF 
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HIGH VOLTAGE 
SWITCHMODE CONTROLLERS TSC9110 

TSC9111 

Electrical Characteristics: DISCHARGE = -V1N = 0 v, Vee = 10 v, +V1N = 48 v, Rs1AS = 390 kO, Rose= 330 kO, 
T = +25°C, unless otherwise indicated. 

LIMITS 
M SUFFIX E SUFFIX 

-55 to +125"C -40 to +85"C 
SYMBOL PARAMETER CONDITIONS TYP• MIN MAX MIN MAX UNIT 

Reference 

VR Output Voltage RL = 10 Mil 4.0 v (See Detailed Description) 

ZouT Output Impedance 30 k!J 

Short Circuit Current VREF = -V1N 100 µA 

Temperature Stability See Note 3 mV/°C 

Oscillator 
lose Maximum Frequency Rose= O 3 MHz 

Initial Accuracy See Note 4 100 80 120 80 120 kHz 

Vose Voltage Stability 9.5 V:s;Vee-s = 13.5 V ±3 % 

Temperature Coefficient See Note 3 500 ppm/oC 

Error Amplifier 
FB tied to COMP TSC9110 4.00 3.96 4.04 3.96 4.04 v 

VFB Feedback Input Voltage See Detailed Description 
Reference Section TSC9111 4.00 3.60 4.40 3.60 4.40 v 

Input BIAS Current VFB = 4.0 V 25 500 500 nA m 
AvoL Open Loop Voltage Gain 80 60 60 dB 

Unity Gain Bandwidth MHz 

ZouT Output Impedance 50 k!l 

louT Output Current Source VFB = 3.4 V 2.0 1.4 1.4 mA 
Sink VFB = 4.5 V 0.15 .12 .12 mA 

PSRR Power Supply Rejection 9.5 VsVecs = 13.5 V 70 dB 

Current Limit 
VsouReE Threshold Voltage VFB = 0 V 1.2 1.0 1.4 1.0 1.4 v 

td Delay to Output VsENSE - 1.4 v, See Figure 1 100 150 150 ns 

Preregulator/Startup 
+V1N Input Voltage l1N = 10 p.A 120 120 v 

+l1N Input Leakage Current Vcei!:9.4 V 10 10 p.A 

Vee Preregulator Turn-OFF 
IPREREGULAlOR = 10 p.A 8.6 9.4 9.4 v 

Threshold Voltage 

Undervoltage Lockout louTPUT = 1 mA 8.1 8.9 8.9 v 
(See Detailed Description) 

© 1988 
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HIGH VOLTAGE 
TS:C9t10 SWITCHMODE CONTROLl.J;RS 
TSC9t11 

Electrical Characteristics (Cont.): DISCHARGE = -V1N = 0 v, Vee = 10 v, +V1N = 48 v, Rs1AS = 390 kO, 
Rose = 330 kO, T = +25°C, unless otherwise indicated. 

LIMITS 
M SUFFIX E SUFFIX 

-55 to +125"C -40 to +85"C 
SYMBOL PARAMETER CONDITIONS TYP• MIN MAX MIN MAX UNIT 

Supply 

Ice Supply Current 0.6 1.0 1.0 mA 

ls1AS Bias Current 15 µA 

Logic CL= 500 pf 
tso SHUTDOWN Delay VsENSE = -V1N 50 100 100 ns 

See Figure 2 

tsw SHUTDOWN Pulse Width See Figure 3 50 50 ns 

tRW RESET Pulse Width See Figure 3 50 50 ns 

tLW 
Latching Pulse Width 

See Figure 3 
SHUTDONN and RESET LON 25 25 ns 

V1L Input LOW Voltage 2.0 2.0 v 

V1H Input HIGH Voltage 8.0 8.0 v 

l1H 
Input Current 

V1N = 10V 5 5 µA Input Voltage HIGH 

l1L 
Input Current 

V1N = OV -25 -35 -35 µA Input Voltage LOW 

OUTPUT lour= 1 mA 9.90 9.90 v 
VoH Output HIGH Voltage 

See Note 3 9.75 9.75 v 

lour= -1 mA 0.10 0.10 v 
VoL Output LOW Voltage 

See Note 3 0.25 0.25 

20 30 30 ll 
Rour Output Resistance 

See Note 3 25 50 35 ll 

t, Rise Time CL= 500 pf 40 75 75 ns 

t, Fall Time CL= 500 pf 40 75 75 ns 

NOTES: 1. Guaranteed by design, not subject to production test. 3. Temperature • + 125, +B5oC; -55, -40QC 
2. Typical Values are for DESIGN AID ONLY, not guaranteed nor sub- 4. eSTRAY Pin 6 = 0 pF. 

ject to production testing. 
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HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS 

Timing Waveforms 

1.4 V-

SENSE 

0 

Vee----i 
OUTPUT 

0-

Figure 3 

Typical Characteristics 

+V1N vs. +l1N at Startup 

140 -----.--...-...-....--.-...... -

120 1--......... ,....._--1-,..-1-+---+--+--+--+-11....-I -Vee= ~VIN 

100 ...._-+--+-----lo-+--+--+--+--+---+<111--4 

80 t--+--+--+-t---t---+--+--+--t---t 
+V1N 

(V) 60 l---+--+---1---11--+---+--+-~v1-j_+.+---f 
40 

20 

0 
10 

Figure 4 and Figure 5 

© 1988 

15 
+l1N (mA) 

[.)/ 

20 

Vee 
""sH"""u=r=oo=w=N· 

TSC9110 
TSC9111 

Vee----..i. 
OUTPUT 

0-

Output Switching Frequency vs. Oscillator 
Resistance 

1 M 

~ 
]'.'I. 

:rs 
~ 

four 100 K 
(Hz) 

~ 

10 K 
10 k 
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TSC9110 
TSC9111 

Detailed Description 
Preregulator/Startup Section 
Due to the low quiescent current requirement of the TSC9110/ 
TSC9111 control circuitry, bias power can be supplied from the 
unregulated input power source, from an external regulated low
voltage supply, or from an auxiliary "bootstrap" winding on the 
output inductor or transformer. 

When power is first applied during startup, + V1N (pin 2) will 
draw a constant current. The magnitude of this current is deter
mined by a high-voltage depletion MOSFET device which is con
nected between + V1N and Vee (pin 6). This startup circuitry 
provides initial power to the IC by charging an external bypass 
capacitance connected to the Vee pin. The constant current is 
disabled when Vee exceeds 8.6 V. If Vee is not forced to 
exceed the 8.6 V threshold, then Vee will be regulated to a 
nominal value of 8.6 V by the preregulator circuit. 

As the supply voltage rises toward the normal operating condi
tions, an internal undervoltage (UV) lockout circuit keeps the out
put MOSFET disabled until Vee exceeds the undervoltage 
lockout threshold (typically 8.1 V). This guarantees that the con
trol logic will be functioning properly and that sufficient gate drive 
voltage is available before the MOSFET turns ON. The design 
of the IC is such that the undervoltage lockout threshold will not 
exceed the preregulator turn-off voltage. Power dissipation can 
be minimized by providing an external power source to Vee 
such that the constant current source is always disabled. 

NOTE: During startup or when Vee drops below 8.6 V the 
startup circuit is capable of sourcing up to 20 mA. This may lead 
to a high level of power dissipation in the IC (for a 48 V input, 
approximately 1 W). Excessive startup time can result in device 
damage. See Figure 4 for calculation of power dissipation 
during startup. 

Bias 
To properly set the bias for the TSC9110/TSC9111, a 390 kO 
resistor should be tied from BIAS (pin 1) to - V1N (pin 5). This 
determines the magnitude of bias current in all of the analog 
sections and the pull-up current for the SHUTDOWN and RESET 
pins. The current flowing in the bias resistor is nominally 15 µA. 

Reference Section 
The reference section of the TSC9110 consists of a temperature 
compensated buried zener and trimmable divider network. The 
output of the reference section is connected internally to the non
inverting input of the error amplifier. Nominal reference output 
voltage is 4.0 V. The trimming procedure that is used on the 
TSC9110 brings the output of the error amplifier (which is con
figured for unity gain during trimming) to within ± 1 % of 4.0 V. 
This automatically compensates for the input offset voltage in 
the error amplifier. 

The output impedance of the reference section has been purposely 
made high so that a low impedance external voltage source can 
be used to override the internal voltage source, if desired, without 
otherwise altering the performance of the device. 

Applications which use a separate external reference, such as 
non-isolated converter topologies and circuits employing optical 
coupling in the feedback loop, do not require a trimmed voltage 

HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS 

reference with 1 % accuracy. The TSC9111 accommodates the 
requirements of these applications at a lower cost, by leaving 
the reference voltage untrimmed. The 10% accurate reference 
thus provided is sufficient to establish a DC bias point for the 
error amplifier. 

Error Amplifier 
Closed-loop regulation is provided by the error amplifier, which 
is intended for use with "around-the-amplifier" compensation. 
An MOS differential input stage provides for low input current. 
The non-inverting input to the error amplifier (VREF) is internally 
connected to the output of the reference supply and should be 
bypassed with a small capacitor to ground. 

Oscillator Section 
The oscillator consists of a ring of CMOS inverters, capacitors, 
and a capacitor discharge switch. Frequency is set by an exter
nal resistor between the OSC IN and OSC OUT pins. (See Figure 
5 for details of resistor value vs. frequency.) The DISCHARGE 
pin should be tied to - V1N for normal internal oscillator opera
tion. A frequency divider in the logic section limits switch duty 
cycle to s50% by locking the switching frequency to one half 
of the oscillator frequency. 

Remote synchronization pulse into the OSC IN (pin 8) terminal. 
For a 5 V pulse amplitude, typical values would be 1000 pF in 
series with 10 kO to pin 8. 

SHUTDOWN and RESET 
SHUTDOWN (pin 11) and RESET (pin 12) are intended for over
riding the output MOSFET switch via external control logic. The 
two inputs are fed through a latch preceding the output switch. 
Depending on the logic state of RESET, SHUTDOWN can be 
either a latched or unlatched input. The output is OFF whenever 
SHUTDOWN is low. By simultaneously having SHUTDOWN and 
RESET low, the latch is set and SHUTDOWN has no effect until 
RESET goes high. The truth table for these inputs is given in 
Table 1. 

Both pins have internal current source pull-ups and can be left 
disconnected when not in use. An added feature of the current 
sources is the ability to connect a capacitor and an open-collector 
driver to the SHUTDOWN or RESET pins to provide variable 
shutdown time. 

Table 1: Truth Table for the SHUTDOWN and RESET pins 

SHUTDOWN RESET OUTPUT 

H H Normal Operation 

H ,___ Normal Operation 
(No Change} 

L H OFF (Not Latched} 

L L OFF (Latched} 

_J L OFF (Latched} (No Change) 
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HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS 

Output Switch 
The push-pull driver output has a typical ON resistance of 20 !1 
Maximum switching times are specified at 75 ns for a 500 pF 
load. This is sufficient to directly drive MOSFETs such as the 
2N7004, 2N7005, IRFD120 and IRFD220. Larger devices can be 
driven, but switching times will be longer, resulting in higher swit
ching losses. In order to drive large MOSPOWER devices, it is 
necessary to use an external driver IC, such as the Siliconix 
D469. The D469 can switch very large devices such as the 
SMM20N50 (500 V, 0.3 0) in approximately 100 ns. 

Applications 

TSC9110 
TSC9111 

5-Watt Power Supply for Telecom Applications 

0.1 
,llF 

-48 v 

20 
,11F 

Burn-In Circuit 

© 1988 

0.022 
,11F 240 k 

13 

14 

10 v >-----"'16 TSC9110 7 

10 

3 

0.1 
,11F 390 k 

OSC SYNC 
PULSE 

::r" 
1000 pF 

150 k 

11-119 

• 

• 1N5822 
r----?t-----,.---u +5 v 

@0.75 A 

220,llF 

47,11F 

1N5819 
~---~---.._--0 -5 v 

@ 0.25 A 

NOTES: 1. R1 = 390 kn, 1;, W 
2. R2 = 1 kn, 2 W 
3. R3 = 1 kn, 2 W 
4. R4 = 100 n, V• W 
5. R5 = 330 kn, 1/4 W 
6. c, = 0.1 µF, 50 v 

FEEDBACK 
TO PIN 14 

m 
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._~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company TM TSC04 

TSC05 
LOW-POWER BANDGAP REFERENCE 

• Precision Data Acquisition Voltage Reference 

TO 
6602 
µP 

PB7 

••• 
PAOF-----142 A 

PA1 t-----193 B 

SY6522 
VERSATILE 
INTERFACE 
ADAPTER 

V+ 

FEATURES 
• 50 ppm/°C Temperature Coefficient 
• Wide Operating Current Range 

- 15 µA to 20 mA, TSC04 
- 20 µA to 20 mA, TSC05 

• 1 n Dynamic Impedance 
• T0-92 Plastic or T0-52 Hermetic Package 
• 2% Output Tolerance 
• 1.25 V (TSC04) and 2.5 V (TSC05) Output Voltage 

Option 

-5V 

1µfd 

REF Hlt-"9-----1-00-k!l-< 

REFLOt-"8--------~ 

"W' BUF 4 

TSCSOO CAZ 3 

1ookn 

INPUT 

..,.... 
TSC04 
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LOW-POWER BANDGAP REFERENCE 

TSC04 
TS COS 
GENERAL DESCRIPTION 

The TSC04 (1.25 V Output) and TSC05 (2.5 V 
Output) bipolar two terminal band-gap voltage refer
ences offer precision performance without a premium 
price. The TSC04/05 do not use thin film resistors. This 
greatly lowers manufacturing complexity and cost. 

A 50 ppm/°C output temperature coefficient 
and 15 µA to 20 mA operating current range make the 
devices attractive multimeter, data acquisition converter, 
and telecommunication voltage references. 

Applications 
• ADC and DAC Reference 
• Current Source Generation 
• Threshold Detectors 
• Power Supplies 
• Multimeters 

12-4 

Ordering Information 

Temperature Range 

Max -ss•c to +125°C o•c to 1o•c 
Voltage Temperature (T0-52 (T0-92 

Coefficient Package) Package) 

1.25 v 50 ppm/°C TSC04AM TSC04AJ 

1.25 v 100 ppm/°C TSC04BM TSC04BJ 

2.5 v 50 ppm/•c TSC05AM TSC05AJ 

2.5 v 100 ppm/°C TSC05BM TSC05BJ 

1.25 v 50 ppm/°C TSC04ACOA 

1.25 v 100 ppm/"C TSC04BCOA 

2.5 v 50 ppm/°C TSC05ACOA 

2.5 v 100 ppm/°C TSC05BCOA 

Pin Configuration 

"'" TSC04 - 1.25 V 

T0-92 

PLASTIC PACKAGE 

(BOTTOM VIEW) 

TSC05- 2.5 V 

T0-52 
HERMETIC PACKAGE 

(BOTTOM VIEW) 



PRODUCT INFORMATION 

Absolute Maximum Ratings 

TSC04 
TS COS 

Forward Current • . • • • . • • . • • . . • . . • . • . • • • . • • • • • . • . • 10 mA Lead Temperature, Soldering (10 Seconds) 
ature 
Reverse Current • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 30 mA 
Storage Temperature .•.•..•..•...•..••. - 55°C to +150°C 
Operating Temperature 

T0-92 package ..•••..........•••••.•••.•.... 260°C 
T0-52 package . • • • • • • • • . • • • . . • . . • . . • • • . • • • • • 300°C 

Power Dissipation ..•.••••.•••••..••......•... Limited by 
Forward I Reverse Current 

T0-92 Package • • • • • • . • . • • • • . • . • • • • • • • 0°C to +70°C 
T0-52 Package ••••••••.••.•..•••.. -55°C to +125°C 

TSC04 Electrical Characteristics: TA= 25°C unless otherwise specified 

TSC04A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP 

Reverse 
BvR Breakdown IR= 100µA 1.24 1.26 

0 Voltage 
u Reverse Breakdown 15µA< IR <20 mA 10 T 2 I!. BvR 
p Voltage Change 20µA< IR< 1 mA .25 

u 3 ~ Temperature 
IR= 100µA 0.003 T /!.T Coefficient 

4 IR Reverse Current O.D15 

TSC05 Electrical Characteristics: TA= 25°C unless otherwise specified 

TSCOSA 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP 

Reverse 
BvR Breakdown IR= 100µA 2.45 2.50 

0 Voltage 
u Reverse Breakdown 20 µA < IR < 20 mA 10 T 2 I!. BvR 
p Voltage Change 25µA< IR< 1 mA .25 

u 3 ~ Temperature 
IR= 100µA 0.003 T l!.T Coefficient 

4 IR Reverse Current 0.020 

Voltage Reference Circuits for System Data Converters 

""" TSCBOO 

ANALOG GROUND 

r---------ov• 
so kn 

"'1111"" 
TSC7109 

100kil 

""" TSc04• 
TSC05* 

ANALOG GROUND 

• VFiJLL-SCALE = 409.6 mV, USE TSC04 

VFULL-SCALE = 4.096 V, USE TSC05 

12-5 

TSC04B 
MAX MIN TYP MAX UNIT 

1.28 1.24 1.26 1.28 v 

20 10 20 mV 1 .25 1 

0.005 0.003 O.D1 %1°c 

20 O.D15 20 mA 

TSCOSB 
MAX MIN TYP MAX UNIT 

2.60 2.45 2.50 2.60 v 

20 10 20 mV 
1 .25 1 

0.005 0.003 O.D1 %1•c 

20 0.020 20 mA 

""" GND t--....-----, 
TSC8705*" 

""" 10µF TSC05 
125kn 

-5VO----<~/V'v-.._--..... ---' 
25kn 

••ALSO SUITABLE FOR TSC8700 - TSC8704 

• 



Typical Characteristic Curves 

TSC04 

1000 

~ 100 

ffi 
~ 

§ 10 
u 

0.1 

1000 

100 

10 

1 

o. 1 

1.5 

1.0 

0.5 

Output Voltage vs 
Reverse Current 

.., ... rscJ 
'TA= 25"C 

V" y 
( 

0 .25 .5 .75 1.0 1.25 1.5 
OUTPUT VOLTAGE (V) 

TSC05 
Output Voltage vs 
Reverse Current 

.., ... TSC05T 
TA= 25°C 

.,,) 
~ 

[_ 
J 

0.5 1.0 1.5 2.0 2.5 3.0 
OUTPUT VOLT AGE (V) 

TSC04 
Response Time 

.., ... i~C~~5'C 

INPUT 

L OUTPUT 

200 400 
TIME (µSEC) 

600 

LOW-POWER BANDGAP REFERENCE 

10 

6 

0.01 

10 

O.Q1 

TSC04 
Output Voltage 

Change vs Reverse 
Current 

ll llilL 1lJ.lljjj_ 
.., ... TSC041 lllll 

TA= 25°C 

~ 

/I 
0.1 1 10 
REVERSE CURRENT (mA) 

TSC05 
Output Voltage 

Change vs Reverse 
Current 

~TSC~ 
TA=25°C i 

I/: 
ILl 

0.1 10 
REVERSE CURRENT (mA) 

TSC05 
Response Time 

.., ... :::c~525°C 
INPUT 

OUTPUT 

1 

200 400 
TIME (µSEC) 
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100 

100 

600 

1.2 

TSC04 
Forward Voltage 

vs Forward Current 

~~lijtJJll 
H TA=25°C 

l7l 
1.0 

0.8 

0.6 

0.4 
...., 

0.2 

0 
0.01 

121 
~ 

0.1 1 10 
FORWARD CURRENT (mA) 

TSC05 
Forward Voltage 

vs Forward Current 

1.2 

w1~!00JI r/-J-- TA=25°C 1.0 

0.8 

0.6 

0.4 

0.2 

o.oi 

~ 
i...-1" 

0.1 1 10 
FORWARD CURRENT (mA) 

Response Time 
Test Circuit 

100 

100 

r::=~36 k OUTPUT _J l;UT 

'!Ill" 
TSC04 
TSC05 



PRODUCT INFORMATION 

Typical Applications 

10 Volt Reference 

+15 v 
so kn 

..,II"' 
TSC05 

180 kU 

60 k.11 

Precision Current Source 

I _ 1.25 V 
OUT-~ 

Package Outline 

TO 52 (2 PIN) 

.150 (3.81) 
:115(2.92) 

l--io.101 
MAX. 

-1 .030 

.500 
(12.70) 
MIN. 

I -.----Cl= 230 (5.84) .195 (4.95) 

209 r" ·:r:i_ _l_ 
.019 {0.48) DIAT 
.016 (0.41) . 

.100 
(2.54) 

BOTTOM VIEW 
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TSC04 
TS COS 

Battery Powered 1.25 V Reference 

+9 v 

360 kn 

....-----01.25 v 

"Ill" 
TSC04 

Chip Pad Layout 

V-

V+ 

T0-92 {2 PIN) 

500 
(12 70) 
MIN 

~;~::;~;u-

~o:=l_ ,-0,-'-)2-6-7)--+03 

175(445) 095(241) 

__J___ = ~ .019 i0.48) DtA.J ~ (2 67) 
.016 (0.41) 080 (2 03) 

165 (419) 
125(3"i8f 

BOTTOM VIEW 
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.._f"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC9491 
1.22 V BANDGAP REFERENCE 

Applications/Design Circuits 

Adjustable Voltage Reference 

v+ 

= 

12-9 

FEATURES 
• Guaranteed Temperature Coefficient: 50 or 

100 ppm/°C 
• Low Bias Current: 50 µA 
• Low Breakdown Voltage: 1.22 V 
• Low Dynamic Impedance 2 n Max. 
• T0-18 or T0-92 Package 
• Low Cost 

IREF = ~-=--':'REF 
R1 

R4 = _R.2~ 
R2 + R3 • 



GENERAL DESCRIPTION 
The TSC9491 is a 1.22 V tempera tu re compen

sated voltage reference. It uses the band-gap principal 
to achieve extremely tight regulation over a wide range 
of operating currents. The use of thin film resistors 
assures long term stability and low noise. 

Applications 
• Reference for AID and DIA Converters 
• Threshold Detectors 
• Voltage Regulators 
• VOM and VTVM's 
• Amplifier Biasing 
• Battery Operated Equipment 

1.22 V BANDGAP REFERENCE 

Ordering Information 

Temperature Range 

Temp. Coeff. 

50 ppm/°C 

100 ppm/°C 

-55°C to +125°C 
{T0-18) 

TSC9491AM 

TSC9491BM 

Connection Diagram 

Bottom Views 

T0-18 

12-10 

0°c to 70°C 
(T0-92) 

TSC9491AJ 

TSC9491BJ 

T0-92 



PRODUCT INFORMATION 

TSC9491 
Absolute Maximum Ratings 

T0-18 T0-92 

Storage Temperature -65°C to +200°C -55°C to + 150°C 

Operating Temperature -55°C to + 125°C 0°C to +70°C 

Forward Current, Max. 5mA 5mA 

Reverse Current, Max. lmA lmA 

Power Dissipation Limited by max forward/reverse current 

Lead Temperature 
300°C 260°C (Soldering, 10 seconds) 

Electrical Characteristics !TA ~ 25°C unless otherwise noted) 

Parameters 

Reverse Breakdown 
Voltage 

Reverse Breakdown 
Voltage Change 

Temp. Coefficient 
1TSC94918 
----

TSC9491A 

Reverse Current 

Packaging Information 

T0-18 
12 PINI 

All dimensions in inches (millimeters) 

Min 

BvR 1.20 

ti BvR -

ti BvR 
ti T 

IR 0.05 

Typ 

1.22 

15 

.003 

.003 

-

Max 

1.25 

20 

0.01 

0.005 

T0-92 
12 PINI 

Units 

v 

mV 

o/o/oC 

mA 

~ ' 5 0 0 

Conditions 

IR = 500µA 

50µA <IR< 500µA 

IR~ 500µA 

~+:~lit--i-
I '~,:°'! 

"VO::~ I 
019{0.4_1!) OIA 
01610.411 

BOTTOM VIEW 
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~'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

+5 V BAND GAP VOLTAGE REFERENCE 

FEATURES 
• Excellent Temperature Stability: 20 ppm/°C 
• Tight Output Tolerance: 1% 
• Adjustable Output 
• Input Voltage Range: 7 V to 30 V 
• Low Noise: 15 µVp_p Max. 
• 10 mA Output Current 
• Short Circuit Proof 
• Low Power: 1.4 mA 
• Temperature Output 
• Replaces REF-02 

SCHEMATIC DIAGRAM 

GROUND 
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+5 V BAND GAP VOLTAGE REFERENCE 

TSC9495 
GENERAL DESCRIPTION 

The TSC9495, Precision Voltage Reference, 
uses the band gap principle to generate an extremely 
stable 5 volt reference. Included in the TSC9495 are a 
band gap reference, an output amplifier and a voltage 
which varies linearilywith temperature. The reference 
is ideal because of its low cost.low output noise and 
low power requirement. The TSC9495 is exceptionally 
stable over wide variations in temperature, line voltage 
and load current. The reference operates on a single 
supply with voltages of 7 volts to 30 volts. 

The TSC9495 is available with. an initial accu
racy of ±1 %. An external potentiometer can be used to 
vary the output voltage ±6% with little effect on the 
temperature coefficient. The potentiometer can also be 
used to adjust the voltage for binary applications such 
e i.12 volts. 

Pin 3 of the TSC9495 has available a voltage 
which varies linearily with temperature. The typical 
change is 2.1 mV/°C. By using a buffer amplifier, the 
output voltage can be scaled to the desired resolution 
and range. 

Applications 
• ND Reference 
• D/A Reference 
• Current Source 
• Transducer Reference 
• Calibration Standard 
• Thermometer 

Ordering Information 

Max. Initial Temp. 
Part No. Package Voltage Accuracy Range 

TSC9495CJ B-Pin 30V 
Mini-Dip 

1.0% 

Pin Config1,1ration 
-:;c 

~:01' : : 
TEMP 3 8 Your 

GND 4 5 ADJ 

8 Pin Plastic 
Mini Dip 

0-70°C 

Max. Temp 
Coefficient 

65 ppm 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Input Voltage ••••...••..••••.••••...•.••. 30 V 
Power Dissipation • . • • . . . • • • • • • • • • • • • • • 500 mW 
Derating: Mini Dip, above 30°C ambient .•••• 5.6mW/°C 

Operating Temperature •.•••••••.•••. 0°C to 70°C 
Storage Temperature • . • . • • • . . . • • • -65° C to +150° C 
Lead Temperature (Soldering, 60 sec.) ••••••••• 300°C 

Electrical Characteristics: These specifications apply tor V1N = +15 v, TA= 25° c, unless otherwise noted. 

TSC9495CJ 
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNITS 

Output Voltage Vo IL= 0 mA 4.950 5.000 5.050 v 
Output Adjustment Range 6Vtrim Rp=10k!1 ±2.7 ±6.0 % 

Output Voltage Noise enp-p 0.1 Hz to 10 Hz 12 18 µVp-p 

Input Voltage Range V1N 7 30 v 
Line Regulation (Note 1) V1N = 8 to 30 V 0.009 O.Q15 5/V 

Load Regulation (Note 1) IL= 0 to 8 mA 0.006 O.D15 %/mA 

Load Regulation (Note 1) IL= 0 to 4 mA %/mA 

Turn-on-Settling Time ton To ±0.1 % of final value 5.0 µsec 

Quiescent Supply Current lsv No Load 1.0 1.6 mA 

Load Current IL 8 21 mA 

Sink Current Is -0.2 -0.5 mA 

Short Circuit Current lsc Vo= 0 30 mA 

Temp Voltage Output Vr (Note 2) 630 mV 

The following specifications apply for VIN = =15 V, 0° C,;;; TA,;;; = 70° C and IL = OmA, unless otherwise noted. 

Output Voltage Change 
with Temperature 

Output Voltage 
Temperature Coefficient TCVo 

(Note 3) 

(Note4) 

Change in Vo Temperature 
Coefficient with Output 
Adjustment Rp = 10 k!l 

Line Regulation (Note 1) V1N = 8 to 30 V 

Load Regulation (Note 1) IL= Oto 5 mA 

Temp Voltage Output 
Temperature Coefficient 

Notes: 

(Note 2) 

1. Line and Load Regulation specifications include the effects of self heating. 
2. Limit current in or out of pin 3 to 50 nA and capacitance on pin 3 to 30 pF. 
3. L1 V OT is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of Sv: 

x 100 

4. TCVo is defined asb.VoT divided by the temperature range, i.e. 

TCV " !',VoT 
0 10°c 

12-15 

0.14 0.45 % 

20 65 ppm/°C 

0.7 ppm/% 

0.011 O.Q18 %/V 

0.008 0.018 %/mA 

2.1 mV!°C 

m 



+5 V BAND GAP VOLTAGE REFERENCE 

TSC9495 
Output Adjustment 
The output voltage of the TSC9495 can easily be adjusted by 
connecting a potentiometer to.pin 5 as shown in the adjacent 
figure. Changing the output voltage does affect the overall 
temperature coefficient, however, this effect is small being 
typically only 0.7 ppm/°C per 100 mV of adjustment. 

'II'" 
TSC9495 

ADJ 

GND 4 

10 kn VTEMP ~2.1 mV/Oc 

Package Information 

w 
5 6 7 B 

8-Pin Plastic Dip 

(Package #4) 

.280 (7.11) r .400(10.16)_..I .020 220(559) 
.370 (9.40) (S.OB) ~1 

MAX. Ir----\ 
SE;:~~~ hnJ=U1-_[-~-;i-,1~- I 

rl ¥ y f .10~1(~:54) ~g~~l 
.070(1.78)_. II L\.110(2.79) I ~111L015(038) 
.030 (0.76) ....... ...,_ .090 (2.29) _...... .,.___ 0o _ 150 ~ 008 (O 20) 

.020 (0.51) 

.016(0.41) 
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..,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

+10 V BAND GAP 
VOLTAGE REFERENCE 

SCHEMATIC DIAGRAM 

., 
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TSC9496 

FEATURES 
• Excellent Temperature Stability: 20 ppm/°C 
• Tight Output Tolerance: 1% 
• Adjustable Output 
• Input Voltage Range: 12 V to 30 V 
• Low Noise: 30 µVp_p Max. 
• 10 mA Output Current 
• Short Circuit Proof 
• Low Power: 1.4 mA 
• Replaces REF-01 

ADJ 

GROUND 4 



TSC9496 
GENERAL DESCRIPTION 

The TSC9496, Precision Voltage Reference, 
uses the band gap principle to generate an extremely 
stable 10 volt reference. Included in the TSC9496 are a 
band gap reference, and an output amplifier, which 
delivers 10 mA of output current. The reference is ideal 
because of its low cost, low output noise and low power 
requirement. The TSC9496 is exceptionally stable over 
wide variations in temperature, line voltage and load 
current. The reference operates on a single supply with 
voltages of 12 volts to 30 volts. 

The 9496 is available with an initial accuracy of 
:±-~%.An external potentiometer can be used to vary the 
output voltage ±3% with little effect on the temperature 
coefficient. The potentiometer can also be used to 
adjust the voltage for binary applications such as 10.24 
volts. 

Applications 

• AID Reference 
• DIA Reference 
• Current Source 
• Transducer Reference 
• Calibration Standard 

+10 V BAND GAP 
VOLTAGE REFERENCE 

Ordering lnforrnation 

Max. Initial Temp. Mal<. Temp 
Part No. Package Voltage Accuracy Range Coefficient 

TSC9496CJ 
8-Pin 
Mini-Dip 30 V 

Pin Configuration 

NC[]' 8 NC 
VIN 2 7 NC 

NC 3 a Your 
GND 4 5 ADJ 

Output Adjustment 

1.0% 0-70°C 

8 Pin Plastic 
Mini Dip 

65 ppm 

The output voltage of the TSC9496 can easily 
be adjusted by connecting a potentiometer to pin 5 as 
shown in the figure below. Changing the output voltage 
does affect the overall temperature coefficient, however, 
this effect is small being typically only 0.7 ppml°C per 
100 mV of adjustment. 

., . 
.,.. ----u•o 

TSC9496 

ADJ 10Kll 

GND 
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PRODUCT INFORMATION 

Absolute Maximum Ratings 
Input Voltage •••••••••••••••••••••••••••• 30 V 
Power Dissipation • • • • • • • • • • • • • • • • • • • • • 500 mW 
Derating: Mini Dip, above 30°C ambient ••••• 5.6mW/°C 

Operating Temperature •••••••••••••• 0°C to 70°C 
Storage Temperature ••••••••••••• -65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) , , , •••••• 300°C 

Electrical Characteristics:These specifications apply for VrN = +15 V, TA= 25°C, unless otherwise noted. 

TSC9496CJ 
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNITS 

Output Voltage Vo IL= 0 mA 9.90 10.000 10.10 v 
Output Adjustment Range l:.Vtrim Rp = 10 kO ±2.7 ±3.3 % 

Output Voltage Noise enp-p 0.1 Hz to 10 Hz 25 35 µVp-p 

Input Voltage Range VrN 12 30 v 
Line Regulation (Note 1) VrN=13to30V 0.009 O.D15 %/V 

Load Regulation (Note 1) IL= Oto 8 mA 0.006 O.D15 %/mA 

Load Regulation (Note 1) IL= 0 to4 mA 0.006 O.D15 %/mA 

Turn-on-Settling Time ton To±0.1% of final value 5.0 µsec 

Quiescent Supply Current lsv No Load 1.0 1.6 mA 

Load Current IL 8 21 mA 

Sink Current Is -0.2 -0.5 mA 

Short Circuit Current lsc Vo=O 30 mA 

The following specifications apply for V1N = +15 V, 0°C ,.;;TA.;;;+ 70°C, unless otherwise noted. 

Output Voltage Change 
with Temperature l:. VoT (Note 3) 0.14 0.45 % 

Output Voltage 
Temperature Coefficient TCVo (Note2) 20 65 ppm/°C 

Change in V0 Temperature 
Coefficient with Output 
Adjustment 

Line Regulation (Note 1) 

Load Regulation (Note 1) 

Notes: 

Rp = 10 kO 

IL= 0 to5 mA 

1. Line and Load Regulation specifications include the effects of self heating. 
2. TCV0 is defined asll.VoT divided by the temperature range, i.e. 

!J.VOT 
TCVo = 70"C 

3. b.VoT is defined as the absolute difference between the maximum output 
voltage and minimum output voltage over the specified temperature range 
expressed as a percentage of 1 OV: 

tJ. VoT = VMAX-VMrN 

10V 
x 100 
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0.011 0,018 %/V 

0.008 0,018 %/mA 
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TELEDYNE 
SEMICONDUCTOR 

+10V PRECISION 
VOLTAGE REFERENCE 

General Description 

The REF-01 is a 10V precision bandgap voltage reference which 
provides a stable output voltage over a wide range of operating 
conditions, i.e. input voltage, output current, ambient temperature, 
etc. The output voltage can be adjusted over a 3% range. The 
device can also be stacked to provide higher value voltage 
references, such as 20, 30, 100V, etc., as long as the total 
available output current is not exceeded. REF-01 is available in 
commercial and military temperature ranges. 

Ordering lnformatlont 
Package 

TA=25"C Hermetic Plastlc Plastlc Oper. 
aV08 Max To-99 DIP DIP SOIC Temp. 

(mV) 8-pln 8-pln 8-pln 8-pln LCC Range 

± 30 REF01AJ2 REF01AZ2 MIL 

± 30 REF01EJ REF01EZ COM 

± 50 REF01J' REF01Z2 REF01RC/883 MIL 

± 50 REF01HJ REF01HZ REF01HP REF01HS COM 

±100 REF01CJ REF01CZ REF01CP REF01CS COM 

Notes: •All commercial and industrial temperature range parts are available with 
burn-In. 

•For devices processed in total compliance to MIL·STCJ.883. add/883 after 
part number. Consult factory for 883 data sheet. 
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Features 
• 10V Output ....•..••••..••.•..•.....• ±0.3% Max. 
• Adjustment Range ..•...............•••• ±3% Min. 
•Low Suppy Current ..•..•....•......... 1.4mA Max. 
• No External Components 
• Short Circuit Proof 
• Laser-n-lmmed to High Accuracies 
• Output Sources or Sinks Current 

Applications 
• Precision Regulators 
• AID and D/A Converters 
• Constant Current Sources 
• V to F Converters 

Functional Diagram 

02 
8A A 

COM o--_..------+---l 



+ 10V PRECISION VOLTAGE REFERENCE 
REF-01 

Pin Configuration 

N.C. 
B 

N.C. 

V1N 

VtN 2 6 Vour N.C. 

N.C. 

N.C. N.C. 

4 
GROUND 
(CASE) 

T0-99 
(J-Sufflx) 

0 0 0 0 z t5 z z 
REF-01 RC/883 

LCC 
(RC-Suffix) 

N.C. 

N.C. 

N.C. 

Vour 

N.C. 

N.C. N.C. 

V1N N.C. 

N.C. Vour 

GND TRIM 

EPOXY MINI DIP 
(P-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

8-PIN PLASTIC SOIC 
(S-Sufflx) 

Absolute Maximum Ratings1 DICE Junction Temperature (Ti) ......... -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec.) ............. 300°C 

Input Voltage 
REF-01, A, E, H, RC, All DICE .................... 40V 
REF-01 C ...................................... 30V 

Power Dissipation2 ............................. 500mW 
Output Short-Circuit Duration 

(to Ground or V1N) .•...•..•..•..•........... Indefinite 
Storage Temperature Range 

J, RC, and Z Packages .............. -65°C to +125°C 
P Package ........................ -65°C to +125°C 

Operating Temperature Range 
REF-01A, REF-01, REF-01RC ......... -55°C to +125°C 
REF-01E, REF-01H, REF-01C ............ 0°C to +70°C 

Notes: •Absolute maximum ratings apply to both packaged parts and DICE, 
unless otherWise noted. 

2see table for maximum ambient temperature rating and derating factor. 

PACKAGE TYPE 

T0-99 (J) 
8-Pin Hermetic DIP (Z) 
8-Pin Plastic DIP (P) 
LCC (RC) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/°C 
e.1mw1°c 
5.6mW/.°C 
7.8mW/°C 

Electrical Characteristics: v1N = +15V, TA= 25°C, unless otherwise indicated. 

REF-01A/E REF-01/H 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vo Output Voltage IL= 0 9.97 10.00 10.03 9.95 10.00 10.05 v 

AVtrim Output Adjustment Range Rp = 10k0 ±3.0 ±3.3 ±3.0 ±3,3 % 

0np-p Output Voltage Noise 0.1Hz to 10Hz (Note 6) 20 30 20 30 µVp-p 

Line Regulation (Note 4) v,N = 13V to 33V 0.006 0.010 0.006 0.010 %/V 

Load Regulation (Note 4) IL=Oto10mA 0.005 0.008 0.006 0.010 %/mA 

Turn-on Setting Time To ±0.10/ooffinalvalue 5 5 µS 

lsv Quiescent Supply Current No Load 1.0 1.4 1.0 1.4 mA 

Load Current 10 21 10 21 mA 

Is Sink Current -5 -10 -5 -10 mA 

lsc Short-Circuit Current Vo=O 30 30 mA 
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NEW PRODUCT INFORMATION 

REF-01 

Electrical Characteristics: V1N = + 15V, -55°C ,;TA,;+ 125°C and IL = omA, unless otherwise indicated. 

SYMBOL PARAMETER CONDITIONS 

11Vor Output Voltage Change with 0°C,;;TA,;;+70°C 
Temperature (Notes 1, 2) -55°C ,;;TA,;;+ 125°C 

TCVo Output Voltage Temperature (Note 3) 
Coefficient 

Change in V0 Temperature 
Rp=10kll 

Coefficient with Output Adjustment 

Line Regulation 0°C,;;TA,;; +70°C 
(V1N =13V to 33V) (Note 4) -55°C,;;TA,;; +125°C 

Load Regulation 0°C,;;TA,;;+70°C 
(IL =0 to 8mA) (Note 4) -55°C,;;TA,;; +125°C 

Notes: 1. /::Nor is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 10V: 

MIN 
REF'-01A/E REF'-01/H 

TYP 

0.02 
0.06 

3.0 

0.7 

0.007 
0.009 

0.006 
0.007 

MAX MIN TYP MAX 

0.06 0.07 0.17 
0.15 0.18 0.45 

8.5 10.0 25.0 

0.7 

0.012 0.007 0.012 
O.D15 0.009 O.D15 

0.010 0.007 0.012 
0.012 0.009 O.D15 

TCV 0 (00 to + 7ooc) = /1 var (0' to + 70'C) 
70°C 

UNITS 

% 

ppm1°c 

ppm/% 

%/V 

%/V 

t..VOT= I VMAX-VMIN Ix 100 
and TCVo (-55° to +125°C) = IJ.Var <-55' to +125°C) 

180°C 10V 

2. !::..V0r specification applies trimmed to +10.000V or untrimmed. 
4. Line and Load Regulation specifications include the effect of self-heating. 
5. Guaranteed by design. 

3. TCV 0 is defined as 1:J.V cir divided by the temperature range, i.e., 6. Sample tested. 

Electrical Characteristics: V1N = +15V, TA= 2s0 c, unless otherwise indicated. 

REF·01C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vo Output Voltage IL= OmA 9.90 10.00 10.10 v 

AVtrim Output Adjustment Range Rp=10kll ±2.7 ±3.3 % 

enp-p Output Voltage Noise 0.1Hz to 10Hz (Note 6) 25 35 µ.VP·P 

Line Regulation (Note 4) V1N =13V to 30V 0.009 O.D15 %/V 

Load Regulation (Note 4) IL= 0 to 8mA 0.006 O.D15 %/mA 
IL= 0 to 4mV 0.006 O.D15 

toN Turn-on Setting Time To ±0.1% of final value 5 µS 

lsv Quiescent Supply Current No Load 1.0 1.6 mA 

IL Load Current 8 21 mA 

Is Sink Current -5 -10 mA 

lsc Short-Circuit Current Vo=O 30 mA 

Electrical Characteristics: V1N = +15V, 0°CsTA,;+70°C, unless otherwise indicated. 

REF·01C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

!:.Vor 
Output Voltage Change with 

(Notes 1 and 2) 0.14 0.45 % Temperature 

TCVo Output Voltage Temperature 
(Note 3) 20 65 ppm/°C Coefficient 
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+ 10V PRECISION VOLTAGE REFERENCE 
REF-01 
Electrical Characteristics (cont.): V1N = +15V, 0°CsTAs+70°C, unless otherwise indicated. 

SYMBOL PARAMETER CONDITIONS 

Change in Vo Temperature 
Rp=10k!l Coefficient with Output Adjustment 

Line Regulation (Note 4) VIN =13V to 30V 

Load Regulation (Note 4) IL=O to 5mA 

Notes: 1. AVar is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 10V: 

tNar= I VMAx-VM1N Ix 100 
10V 

2. ti.Var specification applies trimmed to +10.000V or untrimmed. 

Output Adjustment 

+15V 

2 
V1N 6 

Vot--o--.-0-U<JTPUT 

REF·01 

4 

The REF-01 trim terminal can be used to adjust the output voltage 
over a 10V ±300mV range. This feature allows the system 
designer to trim system errors by setting the reference to a 
voltage other than 10V. Of course, the output can also be set 
to exactly 10.000V, or to 10.240V for binary applications. 

REF-01C 
MIN TYP MAX UNITS 

0.7 ppm/% 

0.011 O.D18 %N 

0.008 O.D18 %/mA 

3. TCV0 is defined as AVar divided by the temperature range, i.e., 

AVar 
TCVo = 70'C 

4. Line and Load Regulation specifications include the effect of self-heating. 
5. Guaranteed by design. 
6. Sample tested. 

Burn-In Circuit 

1+18V 

VIN 

REF·01 

GNO 

1-18V 

Adjustment of the output does not significantly affect the 
temperature performance of the device. The temperature coef· 
ficient change is approximately 0.7 ppm/°C for 100mV of output 
adjustment. 
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NEW PRODUCT INFORMATION 

Bonding Diagram 

DIE SIZE 0.067 x 0.05 inch, 3550 sq. mils 
(1. 702 x 1.27mm, 2.16 sq. mm) 

Reference Stack with Excellent Line Regulation 

Three REF-01s can be stacked to yield 10.000, 20.000, and 
30.000V outputs. An additional advantage is near-perfect line 
regulation of the 10.0V and 20.0V output. A 32V to 60V input 
change produces an output change which is less than the noise 
voltage of the devices. A load bypass resistor (As) provides a 
path for the supply current (lsy) of the 20.000V regulator. 

In general, any number of REF-01s can be stacked this way. For 
example, ten devices will yield outputs of 10, 20, 30 ... 100V. The 
line voltage can range from 105V to 130V. However, care must 
be taken to ensure that the total load currents do not exceed the 
maximum usable current (typically 21mA). 
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2. V1N 
4. GND 
5. TRIM 
6. Vour· 

*The two bonding pads are connected to pin 6. 
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TELEDYNE 
SEMICONDUCTOR 

REF-02 
+SV PRECISION VOLTAGE 
REFERENCE/TEMPERATURE TRANSDUCER 

• 
General Description 

The REF-02 is a 5V precision bandgap voltage reference which 
provides a stable output voltage over a wide range of operating 
conditions, i.e. input voltage, output current, ambient temperature, 
etc. The output voltage can be adjusted over a ±6% range. REF-02 
also provides an output which varies linearly with temperature. 
Hence, the device can also be used in temperature controller appli
cations. These devices can also be stacked to provide higher value 
voltage references, such as 25, 40, 100\/, etc., as long as the total 
available output current is not exceeded. REF-02 is available in com
mercial and military temperature ranges. 

Ordering lnformation1 
Package 

TA=25°C Hermetic Plastic Plastic Oper. 
av08 Max To-99 DIP DIP SOIC Temp. 

(mV) 8-pln 8-pln 8-pln 8-pln LCC Range 

± 15 REF02AJ2 REF02AZ' MIL 

± 15 REF02EJ REF02EZ COM 

± 25 REF02J' REF02Z2 REF02RC/883 MIL 

± 25 REF02HJ REF02HZ REF02HP REF02HS COM 

± 50 REF02CJ REF02CZ REF02CP REF02CS COM 

±100 REF02DJ REF02DZ REF02DP REF02DS COM 

Notes: 1All commercial and industrial temperature range parts are available with 
burn-in. 

2For devices processed in total compliance to MIL-STD-883, add/883 after 
part number. Consul! factory for 883 data sheet. 

Features 
• SV Output ........................... ±0.3% Max. 
•Temperature Voltage Output ............... 2.1mV/°C 
• Adjustment Range ...................... ±3% Min. 
• Low Suppy Current .................... 1.4mA Max. 
• High-Load Driving Capability ................. 20mA 
• No External Components 
• Short Circuit Proof 
• Laser-Trimmed to High Accuracies 
• Output Sources or Sinks Current 

Applications 
• Precision Regulators 
• Temperature Controllers 
• A/D and D/A Converters 
• Constant Current Sources 
• V to F Converters 

Functional Diagram 
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+5V PRECISION VOLTAGE 
REFERENCE/TEMPERATURE TRANSDUCER 

REF-02 

Pin Configuration 

N.C. 
8 

4 
GROUND 

CASE 

N.C. 

TEMP 

N.C. 

q 
z 

N.C. 

N.C. 

N.C. 

Vour 

N.C. 
EPOXY MINI DIP 

(P-Sufflx) 

T0-99 
(J-Suffix) 

REF-01 RC/883 
LCC 

(RC-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN PLASTIC SOIC 
(S-Suffix) 

Absolute Maximum Ratings1 
Input Voltage 

REF-02, A, E, H, RC, All DICE .................... 40V 
REF-02C, D ................................... 30V 

Power Dissipation2 ............... , ............. 500mW 
Output Short-Circuit Duration 

(to Ground or V1N) .••..••..••••.••••.••.••.• Indefinite 
Storage Temperature Range 

J, RC, and z Packages .............. -65°C to + 1so0 c 
P Package ........................ -65°C to +125°C 

Operating Temperature Range 
REF-02A, REF-02, REF-02RC ......... -55°C to + 125°C 
REF-02E, REF-02H .................... 0°C to + 70°C 
REF-02C, REF-02D .................... 0°C to + 70°C 

DICE Junction Temperature (Ti) ......... -65°C to + 1so0c 
Lead Temperature (Soldering, 60 sec.) ............. 300°C 

Notes: 'Absolute maximum ratings apply to both packaged parts and DICE, 
unless otherwise noted. 

•See table for maximum ambient temperature rating and deratlng factor. 

PACKAGE TYPE 

T0-99 (J) . 
8-Pln Hermetic DIP (Z) 
8-Pin Plruitic DIP (P) 
LCC (RC) . 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

eo•c 
1s•c 
36°C 
12•c 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/°C 
6.7mW/°C 
5.6mW/°C 
7.8mW/°C 

Electrical Characteristics: v1N = +15V, TA= 2s 0 c, unless otherwise indicated. 

REF·02A/E REF-02/H 
SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Vo Output Voltage IL= 0 4.985 5.000 5.015 4.975 5.000 5.025 v 
Output Adjustment Range R~=10kll ±3 ±6 ±3 ±6 % 

Output Voltage Noise 0.1 Hz to 10Hz (Note 7) 10 15 10 15 1Np.p 

Line Regulation (Note 4) V1N = BV to 33V 0.006 0.010 0.006 0.010 %/V 

Load Regulation (Note 1) IL=Oto10mA 0.005 0.010 0.006 0.010 %/mA 

loN Turn-on Setting Time To ±0.10/ooffinalvalue 5 5 p.S 

lsv Quiescent Supply Current No Load 1.0 1.4 1.0 1.4 mA 

Load Current 10 21 10 21 mA 

Is Sink Current -5 -10 -5 -10 mA 

lsc Short-Circuit Current V0 =0 30 30 mA 

Temperature Voltage Output (Note 3) 630 630 mV 
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NEW PRODUCT INFORMATION 

REF-02 

Electrical Characteristics: V1N = +15V, -55°CsTAs+125°C for REF-02A and REF-02, 0°CsTAs +70°C for 
REF-02E and REF-02H, IL = OmA, unless otherwise indicated. 

SYMBOL 

TCVo 

TCVr 

PARAMETER 

Output Voltage Change with 
Temperature (Notes 1, 2) 

Output Voltage Temperature 
Coefficient 

CONDITIONS 

0°CsTAs+70°C 
-55°C sT As+ 125°C 

(Note 3) 

Change in V0 Temperature 
Coefficient with Output Adjustment RP =10k!l 

Line Regulation 
(V1N =8V to 33V) (Note 4) 

Load Regulation 
(IL =0 to 8mA) (Note 4) 

Temperature Voltage Output 
Temperature Coefficient 

0°CsTAs+70°C 
-55°C sTA s + 125°C 

0°CsTAs +70°C 
-55°C sT As+ 125°C 

(Note 5) 

Notes: 1. AVor is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 5V: 

!J.Vor= I VMAX5~VM1N I x 100 

2. AVor specification applies trimmed to +5.000V or untrimmed. 

3. 

4. 
5. 
6. 
7. 

REF-02A/E REF-02/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.06 O.D7 0.17 % 
0.06 0.15 0.18 0.45 

3.0 8.5 10 25 ppm/°C 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 %/V 
0.009 O.D15 0.009 O.D15 

0.006 0.010 0.007 0.012 %/V 
0.007 0.012 0.009 O.D15 

2.1 2.1 mV/°C 

TCV 0 is defined as tN OT divided by the temperature range, i.e., 

!J.Vcrr 
TCVo = 70"C 

Line and Load Regulation specifications include the effect of self-heating. 
Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30 pF. 
Guaranteed by design. 
Sample tested. 

Electrical Characteristics: v1N = + 15V, TA = 25°C, unless otherwise indicated. 

SYMBOL 

Vo 

AVtrim 

enp-p 

toN 

lsv 

IL 

Is 

lsc 

Vr 

PARAMETER 

Output Voltage 

Output Adjustment Range 

Output Voltage Noise 

Line Regulation (Note 4) 

Load Regulation (Note 1) 

Turn-on Setting Time 

Quiescent Supply Current 

Load Current 

Sink Current 

Short-Circuit Current 

Temperature Voltage Output 

CONDITIONS 

IL= OmA 

0.1Hz to 10Hz (Note 7) 

V1N =8V to 30V 

IL= 0 to 8mA 
IL= 0 to 4mV 

To ±0.1% of final value 

No Load 

(Note 5) 
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REF-02A/E 
MIN TYP MAX 

4.950 5.000 5.050 

±2.7 ±6.0 

12 18 

0.009 O.D15 

0.006 O.D15 

5 

1.0 1.6 

8 21 

-5 -10 

30 

630 

REF-02/H 
MIN TVP MAX UNITS 

4.900 5.000 5.100 v 

±2.0 ±6.0 % 

12 µ,VP·P 

0.010 0.04 %N 

O.D15 0.04 
%/mA 

5 µ.S 

1.0 2.0 mA 

8 21 mA 

-5 -10 mA 

30 mA 

630 mV 

m 



+5V PRECISION VOLTAGE 
REFERENCE/TEMPERATU~E TRANSDUCER 

REF-,02 
Electrical Characteristics: V1N = +15V, O°CsTAs+70"C and IL= OmA, unless otherwise indicated. 

SYMBOL PARAMETER CONDITIONS 

l!Nar Output Voltage Change with 
(Notes 1 arid 2) Temperature 

TCVo 
Output Voltage Temperature 

(Note 3) Coefficient 

Change in v0 Temperature 
Rµ=10k0 Coefficient with Output Adjustment 

Line Regulation (Note 4) V1N =BV to 30V 

Load Regulation (Note 4) IL=O to 5mA 

TCVr 
Temperature Voltage Output (Note 5) 

Temperature Coefficient 

Notes: 1. t>.V CJT Is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 5V: 

!>.Var= I VMA~~VMIN I x 100 

2. l>.Vm specification applies. trimmed to +5.000V or untrimmed. 

Bonding Diagram 

DIE SIZE 0.067 x 0.05 inch, 3550 sq. mils 
(1.702x 1.27mm, 2.16 sq. mm) 

REF-02C REF-020 
MIN TYP MAX MIN TYP MAX UNITS 

0.14 0.45 0.49 1.7 % 

20 65 70 250 ppm/°C 

0.7 0.7 ppm/% 

0.011 0,018 0.012 0.05 %N 

0.008 0,018 0,016 0.05 %N 

2.1 2.1 mV/°C 

3. TCV 0 is .defined as !>.Var divided by the temperature range, i.e., 

TCVo = t>.Vm 

70"C 
4. Line and Load Regulation specifications include the effect of self-heating. 
5. Limit current In or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
6. Guaranteed by design. 
7. Sample Tested. 
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2. V1N 
3. TEMP 
4.GND 
6. Vour' 
"The two bonding pads are connected to pin 6. 
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..-,~TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

TSC900 
LOW POWER CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

OUTPUT 
CLAMP 

INPUT 

OUTPUT 
CLAMP 
CIRCUIT 

FEATURES 
• Low Power Supply Current . . . . . . . . . . . 140 µA 
• Low Input Offset Voltage . . . . . . . . . . . 5 µV Max. 
• Low Input Offset Voltage Drift .... 0.05 µV/°C Max. 
• High Impedance Differential CMOS Inputs .. 1012 n 
• High Open Loop Voltage Gain . . . . 120 dB Min. 
• Low Input Noise Voltage . . . . . . . . . . . . 0.3 µVp-p 
• High Slew Rate ...................... 0.2 V/µs 
• Compensated Internally for Stable Unity Gain 

Operation 
• Available in 8-Pin Dip or 8-Pin SO Package 
• Pin Compatible to ICL7650/TSC7650A/TSC7650 

osc 

CA & CB 
EXTERNAL 

B 1 CAPACITORS 

...,~TSC900 
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GENERAL DESCRIPTION 
The TSC900 is a low power precision oper

ational amplifier. The 200 µA maximum supply current 
reduces device power requirement by over fifteen 
times when compared to the pin compatible ICL7650 
device. 

Offset voltage is a low 5 µV with drift at 0.05 
µV1°C. Vos errors are removed and adjustment potenc 
tiometers made unnecessary. The chopper stabilized 
error correction technique keeps offset voltage errors 
near zero throughout the device operating temperature 
range. 

The TSC900 performance advantages are 
achieved without the additional manufacturing com
plexity and cost incurred with laser or "zener zap" Vos 
trim techniques. The TSC900.is one of the lowest cost 
low power precision operational amplifiers available. 

The TSC900 nulling scheme corrects both DC 
Vos errors and Vos drift errors with temperature. A 
nulling amplifier alternately corrects its own Vos errors 
and the main amp I ifier Vos error. Offset nu 11 ing voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC900output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser 
and "zener zap" trimming can correct for Vos at only 
one temperature. 

The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage capacitors are required. The TSC900 operates 
as a conventional operational amplifier with vastly 
improved input specifications. The low Vos and Vos 
drift errors make the TSC900 ideal for thermocouple, 
thermistor, and strain gauge applications. Low DC 
errors and high open loop gain make the TSC900 an 
excellent preamplifier for precision analog to digital 
converters like the TSC7135, TSC800 and TSC7109. 

The 14-pin dual-in-line package (DIP) has an 
external oscillator input to drive the nulling circuitry. 
Both the 8 and 14-pin DIP have an output voltage clamp 
circuit to minimize over-load recovery time. 

LOW POWER CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Ordering Information 

Max. 
Temp. Max. Supply 

Part No. Package Range Vos Current 

'TSC900ACPA 
8-Pin 

COM 5 µV 200 µA Plastic DIP 

TSC900ACOA 8-Pin SO COM 5 µV 200 µA 

'TSC900AIJA 
8-Pin 

IND 5 µV 200 µA CerDIP 

'TSC900ACPD 
14-Pin 

COM 5 µV 200 µA Plastic Dip 

'TSC900AIJD 
14-Pin 

IND 5µV 200µA CerDIP 

'TSC900BCPA 
8-Pin 

COM 15 µV 400µA Plastic DIP 

TSC900BCOA 8-Pin SO COM 15 µV 400 µA 

'TSC900BIJA 8-Pin 
IND 15 µV 400µA CerDIP 

'TSC900BCPD 
14-Pin 

COM 15 µV 400 µA Plastic Dip 

'TSC900BIJD 
14-Pin 

IND 15 µV 400 µA CerDIP 

• Available with 160 hour, +125°C burn-in. Add /Bl to part number 
suffix. 

Pin Configuration (SO and DIP) 

ca 14 INT/EXT 

13 ~~6~~~~~UT 
NC(GUARD) 3 12 ~NL~CRKN~0TPUT 

,, vS 

6 OUTPUT 

5 CLAMP NC (GUARD) 6 9 OUTPUT CLAMP 

NC NO INTERNAL CONNECTION 
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PRODUCT INFORMATION 

TSC900 
Absolute Maximum Ratings Current into Any Pin ............................ 10 mA 

Total Supply Voltage (Vs to Vs) ................ 18 Volts 
Input Voltage .............. (Vs+ 0.3) to (Vs - o.3) Volts 

While Operating (Note 4) . . . . . . . . . . .. . .. . . . . 100 µA 

Operating Temp. Range 

Storage Temp. Range .................. -55° C to 150° C I Device ........................... -25° C to +85° C 
C Device ............................. 0°C to +70°C Lead Temperature (Soldering, 10 sec) ............ 300° C 

Package Power Dissipation (TA= 25° C) Voltage on Oscillator Control Pins ............. Vs to Vs 
Output Short Circuit Duration ................. Indefinite CerDIP Package ............................... 500 mV 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 

Electrical Characteristics: vs= +5 v. vs= -s v, CA= cs= 0.1 µt. TA= 2s 0 c. 

TEST TSC900A TSC900B 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 

1 Vos Input Offset Voltage TA= +25°C - - 5 - - 15 µV 

I 2 :;.Vos Input Offset Voltage Operating Temp 
- 0.02 0.05 - 0.1 0.3 µVl°C 

N 
:;.T Average Temp. Coefficient Range (Note 1) 

p Average TA=+ 25°C - 50 - - 80 

u 3 IBIAS Input Bias Current 0°C <;TA<;+ 70°C - - 70 - - 100 pA 

T (Note 7) -25°C <:'.TA<:'.+ 85°C - - 100 - - 140 

4 los Input Offset Current TA= 25°C - 0.5 - - 0.5 - pA 

5 enp-p Input Noise Voltage Rs= 100!1 - 4 - - 4 - µVp-p 
0.1to10 Hz 

6 enp-p Input Noise Voltage Rs= 10011 - 0.3 - - 0.3 - µVp-p 
0.1 Hz to 1 Hz 

7 R1N Input Resistance - 1012 - - 1012 - n 

8 CMVR Common-Mode -5.0 - +1.5 v -5.0 - +1.5 v Voltage Range 

9 CMRR Common-Mode CMVR = -5 V to +1. sv 110 130 - 100 - - dB Rejection Ratio 

0 
10 Av Large-Signal Voltage Gain AL= 10 k!1 120 130 - 100 - - dB 

u 11 Vour 
Output Voltage Swing AL= 10 k!1 -4.7 - +3.5 -4.7 - +3.5 v T 

p (Note 3) AL= 100 k!l -4.9 - +3.9 -4.9 - +3.9 

u 12 Clamp ON Current (Note 2) AL= 100 k!1 20 90 200 20 90 200 µA 
T 13 Clamp OFF Current (Note 2) -4.0 v < Vour < + 4.0 v - 1 - - 1 - pA 

D 14 Bw Unity Gain Bandwidth Unity Gain (+1) - 0.7 - - 0.7 - MHz 
y 

15 SR Slew Rate CL= 50 pF, AL= 100k - 0.2 - - 0.2 - Vlµs 
N 
A 16 Rise Time - 0.5 - - 0.5 - µS 
M 17 Overshoot 18 - 18 - % 
I 

- -

c 18 fch Internal Chopping Frequency Pins 12-14 open (DIP) - 150 - - 150 - Hz 

s + - Operating 
u 19 Vs to Vs Supply Range 4.5 - 16 4.5 - 16 v 

p 
20 Is Supply Current No Load - 140 250 - - 400 µA p 

L 21 PSRR Power Supply Vs = ± 3 V to ± 8 V 120 - 100 - - dB y Rejection Ratio 
-

Notes: 
1. Operating temperature range is -25° C to +85° C for "I" grade and 0° C to 6. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. These are stress ratings only and func
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

+70° C for "C" grade. 
2. See OUTPUT CLAMP discussion. 
3. OUTPUT CLAMP not connected. 
4. Limiting input current to· 100 µA is recommended to avoid latch-up 

problems. 
5. Static Sensitive Device. Unused devices must be stored in conductive ma

terial to protect devices from possible static damage. 
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7. Average current caused by switch charge transfer at input. 
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Chopper Stabilized Operational Amplifiers 
The TSC900 is the first low power chopper stabilized ampli
fier commercially available. The TSC900 maximum supply 
current is 15 times lower than the pin compatible TSC7650 
amplifier. As Figure 1 shows the low supply current is achieved 
without sacrificing offset voltage or offset.voltage drift perfor
mance. 

10mA 

"'"" 100µ.A 

LOW POWER. CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

"'"" 

Nulling Capacitor Connection 
The off~et voltage correction capacitors are connected to CA 
and Ce. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (CR, Pin 
8) on the 14-pin packages. The common connection should 
be made through eithe.r a separate pc trace or wire to avoid 
voltage drops. 

Internally Vs is connected to CR. 

~t-
~ f- t-

!==: I= I= I= 
I= I= 
I- t-

~ f- t-
I- I- t-

TSC900A TSC900B TSC7860A TSC7650 

Figure 1 

Supply Current vs 
Vos Drift 

10mA 

!=+ 
1mA 

t--+-
100µ.A 

10µA 
0.01 

'W' TSC7860 'Ill 

1il660A 

W TSC900B,-

"''" rsceool.1
• 

0.1 1.0 10.0 
MAXIMUM OFFSET VOLTAGE DRIFT (µV/°C) 

Supply Current vs 
Offset Voltage 

10mA 

!=+ 
t--+-

1mA 

t--+-

100µ.A 

10µA 
1µV 

~ TSC7860 wrscj] 
'W' TSC900B---t-

wrsf:9•ok~ 

10µV 100µV 

MAXIMUM OFFSET VOLT AGE 

1mV 



PRODUCT INFORMATION 

14 PIN PACKAGE 

(PIN 8 IS CONNECTED TO 
PIN 7 tNTEANALL Y) 

vs 

B PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Clock Operation 
The internal oscillator is set for a 150 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC900, the 150 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
300 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. The 
INT /EXT input (Pin 14) has an internal pull-up and may be left 
open for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vs (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to ±6 V and between Vs and Vs 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% switch
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the 
internal switches open. 

The external clock input can also be used as a strobe input. If 
a strobe signal is connected at the external clock input so 
that it is low during the time an overload signal is applied, 
neither capacitor will be charged. The leakage currents at 
the capacitor pins are very low. 
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TSC900 

Output Clamp 
Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is leng
thened by the long recovery time of the nulling amplifier and 
external capacitors. 

Through an external clamp connection, the TSC900 elimi
nates the overload recovery problem by reducing the feed
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 k!1. 

ERNAL 
lTIVE CLAMP BIAS 

P CHANNEL 

----0 OUTPUT 

N CHANNEL 

ERNAL 

CLAMP 
PIN 

ATIVE CLAMP BlAS 

~---------0 TSC900 
OUTPUT 
PIN 

Figure 3: Internal Clamp Circuit 

R3 + (A1/R2);;,,, 100kl! 
FOR FULL CLAMP EFFECT 

CONNECT CAPACITORS TO 
VS WITH 8-PlN DIP 

0.1 µf 

Figure 4: Non-Inverting Amplifier with Optional Clamp 

m 



R2 

Figure 5: Inverting Amplifier with Optional Clamp 

Static Protection 
All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu
facturers in establishing "static safe" work areas where CMOS 
components are handled. A partial company listing is: 

•3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

Input Bias Current 
The TSC900 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include a para
sitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit in
put current flow to under 0.1 mA to avoid latchup. 

LOW POWER CHOPPER ... STABILIZED. 
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OPERATIONAL AMPLIFIER 

Thermo-Electric Potentials 
Precision de measurements are ultimately limited by 
thermo-electric potentials developed in thermocouple junc
tions of dissimilar metals, alloys, silicon, etc. Unless all junc
tions are at the same temperature, thermoelectric voltages 
typically around 0.1 µV/° C, but up to tens of µV/° C for some 
materials, will be generated. In order to realize the benefits 
extremely low offset voltages provide, it is essential to take 
special precautions to avoid temperature gradients. All com
ponents should be enclosed to eliminate air movement, 
especially those caused by power-dissipating elements in 
the system. Low thermoelectric-coefficient connections 
should be used where possible and power supply voltages 
and power dissipation should be kept to a minimum. High
impedance loads are preferable, and separation from 
surrounding heat-dissipating elements is advised. 

Pin Compatibility 
On the 8-pin mini-dip TSC900 the external null storage capa
citors are connected to pins 1 and 8. On most other opera
tional amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OP05/07 pin configura
tion for TSC900 operation. For LM108 devices the compen
sation capacitor is replaced by the external nulling capa
citors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC900 pin 5 is the output clamp connection. Other opera
tional amplifiers may use this pin as an offset or compensa
tion point. 

The minor modifications needed to retrofit a TSC900 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Component Selection 
The two required capacitors, CA Cs, have optimum values 
depending on the clock or chopping frequency. For the 
present internal clock, the correct value is 0.1 µF. To main
tain the same relationship between the chopping frequency 
and the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, [ow 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to microvolt levels. 



PRODUCT INFORMATION 

Typical Characteristic Curves 

Input Voltage Noise vs 
External Clock Frequency 

(Pin 13) 

30 

25 

t 20 w 

~ 
w 15 

~ 
0 
> 10 
~ 
~ 

z 

100µA 

10µA 

1 µA 

100 nA 

10nA 

1 "A 

100pA 

10 pA 

1 pA 

l 
l 

10 

...... rscloo I I 1111 
BW= 0.1 Hz to 10 Hz 
Rs< 10on 

~ 

~ 

100 
FREQUENCY - PIN 13 (Hz) 

1k 

Positive Clamp Current 

T I 
L ~ 11"' 0~c"s~g v 

_L_ 

I-
} 
T 

/ 
3.0 3.2 3.4 3.6 3.8 4.0 4.2 

POSITIVE OUTPUT VOLT AGE (V) 

Slew Rate 

11"" TSC900 
~RL=100kll 

WAIN=+l _A 

VERTICAL SCALE= lV/OtV 
HORIZONTAL SCALE= 5µs/DIV 

13-9 

TSC900 

Output Voltage Swing 
vs Load Resistance 

~crm lJJ]L! Wl~ 1-- Vs=•5V ..-
rl~WLTI! 

VI I+"'" 
_L 

I/' 

0 
100H 1 kH 10 kn 100 kn 1 MCI 

LOAD RESISTANCE 

Negative Clamp Current 

f- ..,1.,. TSC~OO J.-
Vg = l5 V L 

if 
1 mA 

100 µA 

10µ.A 

1 µA 

100 nA 

10nA 

f 
_J 

7 

1 "A 

100 pA 

10pA 

1 pA 
-3.8 -4.0 -4.2 -4.4 -4.6 -4.8 -5.0 

NEGATIVE OUTPUT VOLTAGE 

m 



Typical Characteristic Curves 

LOW POWER CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Offset Voltage vs 
Common Mode Voltage 

I 
~ ~ 
~ 0 r..P... i~~i·c-+--+----+---+--lcs:~~,-+--+----i 
g -21---t- Vs= ±5 V -t--t-----t--+----1-~.,._---1t---1 

~-4>----+--+---+--+----t---+--+--+~~ ....... ~t--1---i 
~-61----+----t---+--t---+--+----t--+-~---1---1 
0-•l---+-~f---+-~f---+-~f---+-___,f---+-:::S:.-; 

-10 .._ ....... _ _.__.....__...___. _ __., _ _.__....__.....___. 

-6.0 -5.0 . -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 

Supply Current vs 
Supply Voltage 

:~.,t--~~~~~·c I 
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~-.,, 
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Gain and Phase 
vs Frequency 
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,.,'°'TELEDYNE 
SEMICONDUCTOR 

SO Package 
Single Dual Quad Available 

TSC901 
TSC903 
TSC904 

LOW NOISE AUTO ZEROED MONOLITHIC OP AMPS 

FUNCTIONAL DIAGRAM 

-INPUT O--+----+------~ 

T 

FEATURES 
• Second Generation Monolithic Chopper Stablized 

Op-Amp 
• No External Capacitors Required 
• ±15 or 5 to 32 Volt Single Supply Operation 
• 450 Microamps Typical Supply Current At 15 Volts 
• 7 Microvolts Typical Input Offset Voltage 
• 140 db CMRR Typical 
• 140 db Open Loop Gain Into 1 OK Load Typical 
• 5 Microvolts(@ 10 Hz Bandwidth) Output Noise 
• TSC901 Pin Out Compatible With ICL7650 
• Lowest Parts Count Chopper Op-Amp 

,.,"' TSC901 ------
A 

INTERNAL 
OSCILLATOR 
(fosc = 200 Hz) 

----<> ~ LOW IMPEDANCE 
----1~ OUTPUT BUFFER 

•INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 
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U.S. Patent No. 4,605,907 
U.S. Patent No. 4, 769,589 
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TSC901 
TSC903 
TSC904 

NEW PRODUCT INFORMATION 

GENERAL DESCRIPTION ORDERING INFORMATION 

The TSC90X Series are chopper stabilized opera
tional amplifiers. It is a second generation design of the 
TSC911 Series which were the worlds first monolithic 
CMOS chopper stabilized op-amps with on chip 
capacitors. This second generation design allows the 
use of higher supply voltages (±15 volts or single supply 
30 volts), while decreasing noise. 

Elimination of the external capacitors allows the 
designer to increase reliability, lower cost and simplify 
design by lowering parts count. Substantial space 
savings can be realized on. P.C,.board layouts. Other 
chopper stabilized op-amps such as the ICL7650/7652 
and L TC1052 require external capacitors, therefore 
these advantages are lost. 

The TSC90X Series are auto zeroing op-amps 
resulting in low input offset as well as almost zero drift 
with time. This results in the elimination of production line 
adjustments as well as periodic calibration. 

The TSC90X Series is supplied in 8 & 14 pin mini
dip packages and the TSC901 is pin compatible with the 
7650, using the industry standard 741 pin out. The 
TSC903 is pin compatible with the LM358, while the 
TSC904 is pin compatible with the LM324/348. 

Notable electrical characteristics are; low· supply 
current (450 microamps typical), single supply operation 
from 5 to 32 volts, low input offset voltage (7 microvolts 
typical), low noise (<5 microvolts typical for a 1 O Hz 
bandwidth ) and fast recovery from saturation withoutthe 
use of external clamp circuitry. 

16-Pin "SO" Wide 
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Part No. .Package Tem~ Range 
TSC901CPA 8 Pin Plastic Oto 10°c 
TSC9011JA a Pin CerDie -25 to s5°c 

TSC903CPA 8 Pin Plastic Oto 10°c 
TSC9031JA 8 Pin CerDip -25 to 85°C 

TSC904CPD 14 Pin Plastic Oto 10°c 
TSC9041JD 14 Pin CerDie · ."25 to 85°C 

TSC901Y Chie 25°c 

TSC903Y Chie 25·c 

TSC904Y Chie 25°C 

TSC901COE 16 PinSOIC Oto 70° 

All devices except chips are available with 160 hr. 
burn-in. Ade;! /Bl to part number suffix. 

Pin Configurations 

TSC90.1 
NC = NO INTERNAL CONNECTION 

TSC904 



HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Absolute Maximum Ratings 

TSC901 
TSC903 
TSC904 

Operating Temp. Range 
Total Supply Voltage (Vs-Vs) ................ 36 Volts I Device . . . • . . . . . . . . . . . . . . . . . . . -25°C to +85°C 
Input voltage . . . . . . . • . . . . ( Vs + 0.3) to (Vs - 0.3) Volts C Device . . . . . . . . . . . . . . . . .. . . . . . . . 0°c to + 10°c 
Storage Temp. Range . . . . • . . . . . . . . . . -55°C to 150°C Package Power Dissipation (TA= 25°C) 
Lead Temperature (Soldering, 10 sec) . . . . . . . . . 300°C CerDIP Package ........................... 500 mW 
Current into Any Pin . . . . . . . . . . . . . . . . . . . . . . . . . 1 O mA Plastic Package ........................... 375 mW 

Electrical Characteristics Vs ±15 V, TA= 25°C unless otherwise indicated. (Each Amplifier) 

SYMBOL PARAMETER 

Vos 
Input Offset Voltage 

(Fig. 2) 

Average Temperature 
Vos/T Coefficient of Input 

Offset Voltage 

Average Input 
Is Bias Current 

Average Input 
los Offset Current 

Input Voltage 
en Noise (Fig. 1 B) 

Input Voltage 
en Noise (Fig. 1 A) 

Common-Mode 
CMRR Rejection Ratio 

Common-Mode 
CMVR Voltage Range 

Open-Loop 
AoL Voltage Gain 

VouT Output Voltage Swing 

Closed-Loop 
BW Bandwidth(Fig. 7) 

SR Slew Rate 

Power Supply 
PSRR Rejection 

Operating Supply 
Vs Voltage Range 

Is Quiescent Supply(Fig. 2) 

Notes 

TEST 
CONDITIONS 

TA=25°C 

0°C :::::: TA :::::: 70°C 

TA= 25°C 
0°C :::::: TA :::::: 70°C 
-25°C :::::: TA :::::: 85°C 

TA= 25°C 

0.1 to 1 .0 Hz, Rs :5 100 n 

0.1 to 10 Hz, Rs :5100 n 

Vs'.5 VcM:::::: Vs - 2V 

Vs=±5Vto±15V 

RL = 1 o kn, Vs = ± 15V 

RL = 10 kn 

Closed-Loop Gain= +1 

RL = 10 Kn, cl = 50 pf 

Vs= ±5 to ±15 V 

(Note 3) 

Vs=±15V 

MIN 

120 

Vs 

120 

Vs +1V 

120 

±3V 

TSC90X 
TYP 

7 

.05 

30 
.2 
.2 

50 

1.2 

5.0 

140 

140 

0.8 

2.0 

140 

0.45 

MAX 

15 

0.15 

50 
10 
10 

100 

Vs - 2.0 

Vs -1.2V 

±16V 

0.6 

UNIT 

µV 

µV/°C 

pA 
nA 
nA 

pA 

µVp-p 

µVp-p 

dB 

v 

dB 

v 

MHz 

V/µS 

dB 

v 
mA 

1. Static Sensitive Device. Appropriate precautions should 
be taken when handling, shipping or storing these 
devices. 

operation of the device at these or any other conditions 
above those indicated in the operational sections of the 
specifications is not implied. 

2. Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the 
devices. These are stress ratings only and functional 
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3. Single Supply Operation: Vs = +5 V to +32 V. 
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TSC901 
TSC903 
TSC904 

NEW PRODUCT INFORMATION 

Figure 1: TSC 901 Input Voltage Noise 

0.1to10 Hz 
1µV/Division 

0.1to1.0 Hz 
1µV/Division 

!_ 

~ ~ 
n 

b fl _£'J.. 

v~ VVVVM~ 
1'~ TSC901 

0 2 3 4 5 6 7 8 9 10 

Time 1 sec/Division 

~ 14.0 IL• 200 l'.'. 
16.01----j--0,f---+-------+----+------+---+---+--~----11150 

18.01----hill'----+----+------i>----+----+----+----t....,_.,.'TSC901 100 

20.01----... f---+----+------lf----+----+----+----+----r----I 50 

22.o ___ .__ __ ....__ __ ..._ __ ........, _____ ~------------ 0 
0 4 6 8 10 12 14 16 18 20 

±VsuP (Volts) 
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HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

TSC901 
TSC903 
TSC904 

Figure 5: 

INPUT 
2V/DIVISION 

OUTPUT 
5V/DIVISION 

Saturation Test Circuit 

Input 
Output 

OUTPUT 
5V/DIVISION 

INPUT 
2V /DIVISION 

2V 

ov 

OV 

-15V 

15V 

ov 

ov 

-2V 

Figure 3: TSC 901 Recovery From Negative Saturation 

I""' 

~~TSC901 

5ms/DIVISION 

Figure 4: TSC 901 Recovery From Positive Saturation 

\ 
~ 

" I'.... 

1'~TSCj01 

20ms/DIVISON 
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TSC901 
TSC,903 
TSC904 
Pin Compatibility 

The CMOS TSC901 is pin compatible with the 
GE/lntersil ICL7650 chopper-stabilized amplifier. The 
ICL7650 must use external 0.1 µF capacitors connected at 
pins 1 and 8. With the TSC901 operational amplifier, 
however, external offset voltage error cancelling 
capacitors are not required. TSC901 pins 1 and 8 are not 
connected internally. Pin 5 is also not internally connected. 
The ICL7650 uses pin 5 as an optional oµtput clamp 
connection. The external chopper capacitors and clamp 
connections are not necessary when the TSC901 is used. 
External circuits connected to pins 1, 8, and 5 will have no 
effect on the TSC901. The TSC901 can be quickly evaluated 
in existing ICL7650 designs. Since external capacitors are 
not required system part count, assembly time, and total 
system cost are reduced. Reliability is increased and 
printed circuit board layout eased by hailing the error 
storage capacitors integrated on the TSC901 chip. 

The TSC901 pin-out matches many popular opera
tional amplifiers - OP07, OP05, ICL7650, ICL7652, 741, 
LM101, LM108, OP20, OP21, OP08 and OP06. In many 
applications that operate from ±15V power supplies the 
TSC901 will offer superior electrical performance and be a 
functional pin compatible replacement. Offset voltage 
correction potentiometers, compensation capacitors, and 
chopper-stabilization capacitors can be removed when 
retro-fitting existing equipment designs. 

The TSC903 is pin compatible with LM358, OP1 4, 
MC1458, ICL7621, TL082, and TLC322. The TSC904 is pin 
compatible with LM348, TLC274, LM324, OP11 and 
ICL7641 /42, and again, no external capacitors are needed 
for either the TSC903 or TSC904. 

Thermocouple Errors 
Heating one- joint of a loop made from two different 

metallic wires causes current flow. This is known as the 
Seebeck effect. By breaking the loop an open circuit 
voltage (Seeback Voltage) can be measured. Junction 
temperature and metal type set the magnitude. Typical 
values are 0.1 µV /°C to 1 OµV /°C. Thermal induced voltages 
can be many times larger than the TSC90X Series offset 
voltage drift. Unless the unwanted thermocouple potentials 
can be controlled system performance will be less than 
optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors used. Low 
thermo-electric coefficient solder can reduce errors. A 60% 
Cd/ 40% Sn Pb solder has one tenth the thermal voltage of 
common 64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 
the input circuit loop should be balanced. If the junctions are 
kept at the same temperature their summation will add to 
zero cancelling errors (Figure 6 ). 

Shielding precision analog circuits from air currents 
-especially those caused by power dissipating com
ponents and fans - will minimize temperature gradients 
and minimize thermocouple induced errors. 
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Avoiding Latch-Up 
Junction isolated CMOS circuits inherently contain a 

parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3 V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on causing 
excessive device power ·supply current and excessive 
power dissipation. TSC90X Series power supplies should 
be established either at the same time or before input 
signals are applied. If this is not possible input current 
should be limited to 1 mA to avoid triggering the p-n-p-n 
structure. 

Static Protection 
Input pins are protected against electrostatic fields. 

Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manu
facturers establish "static safe" CMOS component handling 
areas. A partial company list is: 
• 3M • Semtronics 

Static Control Systems Div. P.O. Box 592 
223-23W EM Center Martinsville, NJ 08836 
St. Paul, MN 55101 (201) 561-9520 
(800) 792-1 072 

Overload Recovery 
The TSC90X Series recovers quickly from output 

saturation. Typical recovery time from positive output 
saturation is 20 msec. Negative output saturation recovery 
time is typically 5 msec. 

J," j• } NO TEMPERATURE DIFFERENTIAL j:: J: j AND SAME METALLIC CONNECTION 
J, 

J, 

> 

Figure 6: Unwanted Thermocouple Errors 
Eliminated by Reducing Thermal Gradients 
and Balancing Junctions. 



HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

TSC901 
TSC903 
TSC904 

Figure 7: TSC 901 Phase- Gain 
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Bonding Diagrams 
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Note: Unstable with Capacitive loads 
from 300pF to 1 O,OOOpF 

TSC904 
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Measurements are given in thousands of inches. 
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..-,...-TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

-INPUT O-f---------.1 

TSC911 

FEATURES 
• First Monolithic Chopper-Stabilized Amplifier 

- External Capacitors Not Required 
• Chopper Amplifier Performance Without External 

Capacitors 
- 5 µV Offset Voltage 
- 0.05 µV/° C Offset Voltage Drift 

• Low Supply Current . . . .. . . . .. . . . . . . . . 350 µA 
• High Common-Mode Rejection ......... 116 dB 
• Single Supply Operation . . . . . . . . . 4.5 V to 16 V 
• High Slew Rate ...................... 2.5 V/µs 
• Wide Bandwidth . .. . . .. .. .. .. .. .. .. . . 1.5 MHz 
• High Open Loop Voltage Gain 

(RL = 10 kn) . .. . . . .. . . .. .. . . . .. . . .. .. 120 dB 
• Low Input Voltage Noise (0.1to1 Hz) ... 0.65µVp.p 
• Pin Compatible with ICL7650 
• Lower System Part Count 

'W TSC911 -----... 
INTERNAL 
OSCILLATOR 
(fosc "" 200 Hz) 

•INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 

U.S. Patent No 4605907 
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GENERAL DESCRIPTION 
The CMOS TSC911 auto-zeroed operational 

amplifier is the first complete monolithic chopper
stabilized amplifier. Chopper operational amplifiers like 
the ICL7650/7652 and LTC1052 require user supplied, 
external, offset compensation storage capacitors. 
EXTERNAL CAPACITORS ARE NOT REQUIRED WITH 
THE TSC911. Just as easy to use as the conventional 
741 type amplifier, the TSC911 significantly reduces 
offset voltage errors. Pin-out matches theOP07/741/7650 
8-pin mini-DIP configuration. 

Several system benefits arise by eliminating 
the external chopper capacitors. Lower system part 
count. Reduced assembly time and cost. Greater 
system reliability. Reduced printed circuit board layout 
effort and greater pc board area utilization. Space 
savings can be significant in multiple amplifier designs. 

Electrical specifications include a 15 µV maxi
mum offset voltage, 0.15 µV/° C maximum offset voltage 
temperature coefficient. Offset voltage error is five 
times lower than the premium OP07E bipolar device. In 
offset drift the TSC911 improves performance by eight 
times. 

Low offset voltage errors eliminate trim proce
dures during manufacturing, periodic re-calibrations, 
and reliability problems caused by damaged or misad
justed trim potentiometers. 

The TSC911 automatically corrects offset volt
age drift with time also. Operational amplifier long term 
drift is less easily controlled and more expensive to 
maintain when low offset errors are obtained by 
trimming thin film resistors. The TSC911 internal circuits 
correct errors repetitively at a 200 Hz rate. Long term 
drift is effectively eliminated. 

The TSC911 operates from dual or single 
power supplies. Supply current is typically 350 µA. 
Single 4.5 V to 16 V supply operation is possible. This 
makes single 9 V battery operation possible. The 
TSC7660 DC to DC converter can easily supply a 
negative potential in dual supply applications where 
only a +5 V system supply is available. 

Open-loop voltage gain is 115 dB minimum 
with a 10 kO load. Unity gain bandwidth is 1.5 MHz. 
Slew rate is 2.5 V/µs. Common-mode rejection ratio is 
110 dB. Input common-mode range extends from 2 V 
below the positive supply to the negative supply. 

AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

The TSC911 is available in an 8-pin plastic or 
CerDIP package. Dice are available for hybrid appli
cations. 

For precision dual and quad monolithic 
chopper-stabilized amplifiers see the TSC913 dual and 
TSC914 quad data sheets. 

Ordering Information 

Temperature Max. Offset 
Part No. Package Range Voltage 

*TSC911ACPA 
8-Pin 

0°C to 70°C 15 µV 
Plastic DIP 

TSC911ACOA 8-Pin SO 0°c to 70°C 15 µV 

*TSC911 BCPA 
8-Pin 

0°C to 70°C 30µV 
Plastic DIP 

TSC911BCOA 8-Pin SO 0°c to 70°C 30µV 

*TSC911AIJA 
8-Pin 

-25°C to 85°C 15 µV 
CerDIP 

*TSC911BIJA 8-Pin -25°C to 85°C 30µV CerDIP 

TSC911AY Chip 25°C 15 µV 

TSC911BY Chip 25°C 30µV 

* Parts Available with 160 Hour, +125°C Burn-In. Add /Bl to Part 
Number Suffix. 

Pin Configuration (SO and DIP) 

NC= NO INTERNAL CONNECTION 
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PRODUCT INFORMATION 

TSC911 
Absolute Maximum Ratings 
Total Supply Voltage (Vs to Vs) ................ 18 Volts 
Input Voltage .............. (Vs+ 0.3) to (Vs - o.3) Volts 

Operating Temp. Range 
I Device . . . . . . . . . . . . . . . . . . . . . . . . . -25 ° C to +85 ° C 
C Device ........................... O °C to +70 °C 

Storage Temp. Range ................ -55 °c to 150 °C Package Power Dissipation (TA= 25 ° CJ 
Lead Temperature (Soldering, 10 sec) . . . . . . . . . . . 300 ° C CerDIP Package .............................. 500 mW 
Current into Any Pin ............................ 10 mA Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375 mW 

Electrical Characteristics: Vs = ±5 v, TA= 25° c unless otherwise indicated. 

TSC911A TSC911B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 

Vos Input Offset Voltage TA=25°C 5 15 15 30 µV 

Average Temperature 
0°CSTAS70°C 0.05 0.15 0.1 0.25 µV/°C 2 Vos/T Coefficient of Input 

Offset Voltage -25°C s TA s 85°C 0.05 0.15 0.1 0.25 µV/°C 

Average Input TA=25°C 70 120 pA 
3 Is 0°C s TA s 70°C 3 4 nA Bias Current 

-25°C s TA s B5°C 4 6 nA 

4 las Average Input Offset Current 5 20 10 40 pA 

5 en 
Input Voltage 

0.1 to 1.0Hz, Rs s 1001l 0.65 0.65 µVP-P Noise 

6 en Input Voltage 
0.1to10 Hz, Rs s 100 n 11 11 µVP-P Noise 

CMRR 
Common-Mode - + 

dB Rejection Ratio Vs$ VcM $Vs - 2.2 110 116 105 110 

8 CMVR 
Common-Mode 

Vs Vs -2.0 Vs Vs -2.0 v Voltage Range 

9 AoL 
Open-Loop 

RL = 10 k!l, Vo = ±4 V 115 120 110 120 dB Voltage Gain 

10 Vour Output Voltage Swing RL = 10 k!l Vs+ .3 V Vs -.9 V Vs+ .3 V Vs -.9 V v 

11 BW Closed Loop 
Closed Loop Gain = +1 1.5 1.5 MHz 

Bandwidth 

Ill 12 SR Slew Rate RL = 10 kll, CL = 50 pf 2.5 2.5 V/µs 

13 PSRR Power Supply 
±3.3 V to ± 5.5 V 112 105 dB Rejection 

14 Vs 
Operating Supply 

Range (Note 3) ±3 v ±8 v ±3 v ±8 v v 
Voltage 

15 Is 
Quiescent Supply 

Vs= ±5 V 350 600 800 µA Current 

Notes: 
1. Static Sensitive Device. Unused devices should be stored in conductive 

material. 
2. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the devices. These are stress ratings only and func-
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: v$ = +4.5 v to +16 v. 
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Typical Characteristic Curves 

Supply Current vs 
± Supply Voltage 
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PRODUCT INFORMATION 

Pin Compatibility 
The CMOS TSC911 is pin compatible with the GE/lntersil 
ICL7650 chopper-stabilized amplifier. The ICL7650 must use 
external 0.1 µF capacitors connected at pins 1 and 8. With the 
TSC911 operational amplifier, however, external offset vol
tage error cancelling capacitors are not required. TSC911 
pins 1 and 8 are not connected internally. Pin 5 is also not 
internally connected. The ICL7650 uses pin 5 as an optional 
output clamp connection. The external chopper capacitors 
and clamp conections are not necessary when the TSC911 is 
used. External circuits connected to pins 1, 8, and 5 will have 
no effect on the TSC911. The TSC911 can be quickly evalu
ated in existing ICL7650 designs. Since external capacitors 
are not required system part count, assembly time, and total 
system cost are reduced. Reliabilty is increased and printed 
circuit board layout eased by having the error storage capa
citors integrated on the TSC911 chip. 

The TSC911 pin-out matches many popular operational 
amplifiers - OP07, OP05, ICL7650, ICL7652, 741, LM101, 
LM108, OP20, OP21, OP08 and OP06. In many applications 
that operate from +5 V power supplies the TSC911 will offer 
superior electrical performance and be a functional pin com
patible replacement. Offset voltage correction potentiome
ters, compensation capacitors, and chopper-stabilization 
capacitors can be removed when retro-fitting existing equip
ment designs. 

~~: ~: { NO TEMPERATURE DIFFERENTIAL 
J1 = Js j AND SAME METALLIC CONNECTION 

'2 

> 

Figure 1: Unwanted Thermocouple Errors Eliminated 
by Reducing Thermal Gradients and 
Balancing Junctions. 

TSC911 
Thermocouple Errors 
Heating one joint of a loop made form two different metallic 
wires causes current flow. This is known as the Seebeck 
effect. By breaking the loop an open circuit voltage (See
beck Voltage) can be measured. Junction temperature and 
metal type set the magnitude. Typical values are 0.1 µV/° C to 
10 µV/° C. Thermal induced voltages can be many times lar
ger than the TSC911 offset voltage drift. Unless the unwanted 
thermocouple potentials can be controlled system perfor
mance will be less than optimum. 

Unwanted thermocouple junctions are created when leads 
are soldered or sockets/connectors used. Low thermo-elec
tric coefficient solder can reduce errors. A 60% Sn/36% Pb 
solder has one tenth the thermal voltage of common 64% Sn/ 
36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in the 
input circuit loop should be balanced. If the junctions are 
kept at the same temperature their summation will add to 
zero cancelling errors (Figure 1). 

Shielding precision analog circuits from ai rcurrents -espe
cially those caused by power dissipating components and 
fans - will minimize temperature gradients and minimize 
thermocouple induced errors. 

Avoiding Latch-Up 
Junction isolated CMOS circuits inherently contain a parasi
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa
tion. TSC911 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig
gering the p-n-p-n structure. 

Static Protection 
Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta
blish "static safe" CMOS component handling areas. A par
tial company list is: 

• 3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

Overload Recovery 

• Semtron ics 
P.O. Box 592 
Martinsville, NJ 08836 
(201 I 561-9520 

The TSC911 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 
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TSC911 
Typical Applications 

10 Volt Precision Reference 

+15V 
1.Bkn 

6.4V 

6.4k.11 

AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

Thermometer Circuit 

TEMP 
OUT 

+9V 

dVour - [ (A3+R1)] d(VTEMP) -----err- - 1+R2 R3 R1 -.-T-

""K (2.1 mVl°C) 

K:1+~ 
R1 II R3 

Vour 

Programmable Gain Amplifier with lmput Multiplexer 

INPUT 
CHANNEL 
SELECT 

GNO 

+5V -SV 

AD7590 

I---+-+-+->--~~~~~----<~ LATCH 
VIA 
6522 
l/0 PORT GAIN 

SELECT 
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..,f'TELEDVNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

-INPUT O-+-t-<>----+----1 

+INPUT 0--/--t-----+------f 
I 
I 
I 
I 
I 

v~ 

TSC913 

FEATURES 
• First Monolithic Dual Auto-Zeroed Operational 

Amplifier 
• Chopper Amplifier Performance Without External 

Capacitors 
- 15 µV Vos Maximum 
- 0.15 µV/°C Vos Drift Maximum 
- Saves Cost/Assembly of Four "Chopper" Capa-

citors 
• SO Packages Available 
• High DC Gain . . . . . . . . . . . . . . . . . . . . . . . 120 dB 
• Low Supply Current . . . . . . . . . . . . . . . . . . 650 µA 
• Low Input Voltage Noise 

(0.1 to 10 Hz) . . . . . . . . . . . . . . . . . . . . . 0.65 µVp.p 
• Wide Common-Mode 

Voltage Range . . . . . . . . . . . . . . . . . Vs to V~ - 2 V 
• High Common-Mode Rejection ......... 116 dB 
• Dual or Single Supply Operation . . . .. ±3 V to ±8 V 

+4.5 V to +16 V 
• Excellent AC Operating Characteristics 

- 2.5 V/µs Slew Rate 
- 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM358, OP14, MC1458, ICL7621, 
TL082, TLC322 

A 
INTERNAL 
OSCILLATOR 
{fosc:"" 200 Hz) 

I 1OF2 AMPLIFIERS SHOWN 
I I 
I I 

'----------------------~-------------------------------J 

*INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 

13-25 U.S. Patent No 4605907 



TSC913 
GENERAL DESCRIPTION 

The TSC913 is the world's first complete 
monolithic dual auto-zeroed operational amplifier. The 
TSC913 sets a new standard for low power precision 
dual operational amplifiers. Chopper-stabilized or 
auto-zeroed amplifiers offer low offset voltage errors 
by periodically sampling offset error and storing correc
tion voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 µF error 
storage correction capacitors - much too large for 
on-chip integration. The unique TSC913 architecture 
requires smaller capacitors making on-chip integration 
possible. Microvolt offset levels are achieved and 
External Capacitors Are Not Required. 

The TSC913 system benefits are apparent 
when contrasted with a 7650 chopper amplifier circuit 
implementation. A single TSC913 replaces two 7650s 
and four capacitors. Five components and assembly 
steps are eliminated. 

The TSC913 pinout matches many popular 
dual operational amplifiers. The OP04, TLC322, LM358, 
and ICL7621 are typical examples. In many applications 
operating from dual five volt power supplies or single 
supplies, the TSC913 offers superior electrical per
formance and can be a functional, drop-in replacement. 
Printed circuit board rework is not necessary. The 
TSC913 low offset voltage error eliminates offset voltage 
trim potentiometers often needed with bipolar and low 
accuracy CMOS operational amplifiers. 

The TSC913 takes full advantage ofTeledyne's 
proprietary CMOS technology. The TSC913 650 µA 
supply current (250 µA per amplifier) makes the 
TSC913 the lowest power, precision dual operational 
amplifier available. The 250 microampere amplifier 
supply current does not compromise AC performance. 
Unity gain bandwidth is 1.5 MHz and slew rate is 2.5 
V/µs. 

For single and quad operational amplifiers see 
the TSC911 and TSC914 data sheets. 

DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Ordering Information 

Temperature Max. Offset 
Part No. Package Range Voltage 

*TSC913ACPA 
8-Pin 

0°c to 10°c 15 µV Plastic DIP 

TSC913ACOA 8-Pin SO 0°c to 70°C 15 µV 

*TSC913BCPA 8-Pin 
0°C to 70°C 30µV Plastic DIP 

TSC913BCOA 8-Pin SO 0°c to 70°C 30µV 

*TSC913AIJA 8-Pin -25°C to 85°C 15 µV CerDIP 

*TSC913BIJA 
8-Pin 

-25°C to 85°C 30µV CerDIP 

TSC913AY Chip 25°C 15 µV 

TSC913BY Chip 25°C 30 µV 

• Parts Available with 160 Hour. +125°C Burn-In. Add /BL to Part 
Number Suffix. 

Pin Configuration (SO and DIP) 

+INA 
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PRODUCT INFORMATION 

TSC913 
Absolute Maximum Ratings 
Total Supply Voltage (Vs to Vs) ................ 18 Volts 
Input Voltage .............. (Vs+ 0.3) to (Vs - o.3) Volts 

Operating Temp. Range 
I Device ......................... -25 °C to +85 °C 
C Device ........................... O °C to +70 °C 

Storage Temp. Range ................ -55 °C to 150 °C Package Power Dissipation (TA= 25 °C) 
Lead Temperature (Soldering, 10 sec) ........... 300 ° C CerDIP Package .............................. 500 mW 
Current into Any Pin ............................ 10 mA Plastic Package ........................ .,. . . . . . 375 mW 

Electrical Characteristics: Vs= ±5, TA= 25°C unless otherwise indicated. 

TSC913A TSC913B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 

Vos Input Offset Voltage TA=25°C 5 15 15 30 µ.V 

Average Temperature 
0°C s TA s 70°C 0.05 0.15 0.25 µ.V/°C 2 Vos/T Coefficient of Input 
-25°C s TA s 85°C 0.05 0.15 0.25 µ.V/°C Offset Voltage 

Average Input TA=25°C 90 120 pA 
3 Is 0° C :5 TA :5 70° C 3 4 nA Bias Current 

-25°C s TA s 85°C 4 6 nA 

4 los 
Average Input 

TA= 25° C 5 20 10 40 pA 
Offset Current 

5 en 
Input Voltage 

0.1to1.0 Hz, Rs :5 100 !! 0.6 0.6 µ.VP-P Noise 

6 en 
Input Voltage 

0.1 to 10 Hz, Rs :5 100 ll 11 11 µ.VP-P Noise 

CMRR Common-Mode - + 
110 116 100 110 dB 7 

Rejection Ratio Vs :5 VcM :5 Vs - 2.2 v 

8 CMVR Common-Mode 
Vs Vs -2.0 Vs Vs -2.0 v 

Voltage Range 

9 AoL 
Open-Loop 

RL = 10 kfl, Vo = ±4 V 115 120 110 120 dB Voltage Gain 

10 Vour 
Output Voltage 

RL = 10 kll Vs+ .3 V Vs -.9 V Vs+ .3 V Vs -.9 V v Swing 

11 BW Closed Loop 
Closed Loop Gain = +1 1.5 1.5 MHz Ill Bandwidth 

12 SR Slew Rate RL = 10 kll, CL= 50 pf 2.5 2.5 V/µ.s 

13 PSRR Power Supply 
±3.3 :5 Vs :5 ± 5.5 V 110 100 dB Rejection 

Operating Supply 
14 Vs Voltage ±3 v ±8 v ±3 v ±8 v v 

Range (Note 3) 

15 Is Quiescent Supply Current v = +5 v 
(Both Ampl!f1ers) s - 0.65 0.85 1.1 mA 

Notes: 
1. Static Sensitive Device. Unused devices should be stored in conductive 

material. 
2. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the devices. These are stress ratings only and func-
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: vS = +4.5 V to +16 V. 
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TSC913 
Typical Characteristic Curves 

Supply Current vs 
± Supply Voltage 

1200 ...-......,,..-__,,---.---.--.---. 
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2001-
01..--J'-----'----'----'----'--' 
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±SUPPLY VOLTAGE (V) 

Output Voltage Swing vs 
Load Resistance 

"f"~.'.'1~'c ~wm1G 
H Vg"' ±5V 

llli[ 
±5.0 

±4.2 

~ 
+SWING-

±3.4 

±2.6 

±1.8 

±1.0 
100 1 k 10 k 100 k 1M 

LOAD RESISTANCE (n) 

35 

30 

25 

20 

15 

10 

o 

Input Offset Voltage vs 
Common-Mode Voltage 

"'" ~~!!~v t--t--TA"' 25°C 

~ 
r-- ./ 

-6.0-5.0 -4.0 -3.0 -2.0-1.0 0.0 1.0 2.0 3.0 4.0 

INPUT COMMON-MODE VOLTAGE 

Negative Overload 
Recovery Time 

"" .... TSC913 I 
~AL = 10 kfl1-f--t--+--+---i 

TA"' 25"C 

OUTPUT 
2V/DIV 

GAIN=-20 I 

] 

HORIZONTAL SCALE= 20 ms/DIV 
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DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Gain vs Phase 
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PRODUCT INFORMATION 

Theory of Operation 
Each of the TSC913's two op amps actually consists of two 
amplifiers. A main amplifier is always connected from the 
input to the output. A separate nulling amplifier alternately 
nulls its own offset and then the offset of the main amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature and power supply varia
tions is greatly reduced. 

All nulling circuitry is internal, and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TSC913's two amplifiers, control the 
nulling process. 

Pin Compatibility 
The TSC913 pinout is compatible with the OP14, LM358, 
MC1458, L T1013, TLC322, and similar dual op amps. Jn many 
circuits operating from single or ±5 V supplies, the TSC913 is 
a drop-in replacement which will offer DC performance rival
ing that of the best single op amps. 

The TSC913 amplifiers include a low impedance class AB 
output buffer. Some previous CMOS chopper amplifiers have 
used a high impedance output stage which made open-loop 
gain dependent on load resistance. The TSC913 open-loop 
gain is not dependent on load resistance. 

Overload Recovery 
The TSC913 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 

TSC913 
Avoiding Latch-Up 
Junction isolated CMOS circuits inherently contain a parasi
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa
tion. TSC913 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig
gering the p-n-p-n structure. 
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Static Protection 
Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta
blish "static safe" CMOS component handling areas. A par
tial company list is: 

•3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 



Notes 
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PROJECT: DATE: -----
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~'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

11 

TSC914 

FEATURES 
• First Monolithic Quad Auto-Zeroed Operational 

Amplifier 
• Chopper Amplifier Performance Without External 

Capacitors 
-15µV Vos 
- 0.15 µV/°C Vos Drift 
- Saves Cost/Assembly of Eight "Chopper" Capa-

citors 
• High DC Gain . .. . . . .. . .. .. . . . . . . . . .. . 110 dB 
• Low Supply Current . . . . . . . . . . . . . . . . . . 1.5 mA 
• Wide Common-Mode Voltage Range .. Vs to Vs - 2 V 
• High Common-Mode Rejection ......... 110 dB 
• Dual or Single Supply Operation ..... ±3 V to ±8 V 

+4.5 V to +16 V 
• Excellent AC Operating Characteristics 

- 2.5 V/µs Slew Rate 
- 1.5 MHz Unity Gain Bandwidth 

• Pin Compatible to LM348, TLC274, LM324, OP11, 
ICL7641/42 

r----------------------------------,.olllJI...._ 
Vo5CORRECTION AMPLIFIER : ,.,, TSC914 

I ...-~~~~~-. 

A 

T 

-INPUT 0--f--f-O---f-----1 

+INPUT 0-+--1f-----4-------J 

MAIN AMPLIFIER 
I 
I 
I 
I 
I 
I 
I 1OF4 AMPLIFIERS SHOWN 

I 
I 
I 
I 
I 
I 
I 
I 

Bl 
I 
I 

A 
INTERNAL 
OSCILLATOR 
(fosc ""' 200 Hz) 

L------------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I , ______________________________________________________ J 

•tNTEANAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 
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GENERAL DESCRIPTION 
The TSC914 is the world's first complete mono

lithic quad auto-zeroed operational amplifier. The 
TSC914 sets a new standard for low power precision 
quad operational amplifiers. Chopper-stabilized or 
auto-zeroed amplifiers offer low offset voltage errors 
by periodically sampling offset error and storing correc
tion voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 µF error 
storage correction capacitors - much too large for 
on-chip integration. The unique TSC914 architecture 
requires smaller capacitors making on-chip integration 
possible. Microvolt offset levels are achieved and 
External Capacitors Are Not Required. 

The TSC914 system benefits are apparent 
when contrasted with a 7650 chopper amplifier circuit 
implementation. A single TSC914 replaces four 7650s 
and eight capacitors. Eleven components and assembly 
steps are eliminated. 

The TSC914 pinout matches many popular 
quad operational amplifiers. The OP11, TLC274, 
LTC1014, LM348, and ICL7642/41 are typical examples. 
In many applications operating from dual five volt 
power supplies or single supplies, the TSC914 offers 
superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is 
not necessary. The TSC914 low offset voltage error 
eliminates offset voltage trim potentiometers often 
needed with bipolar and low accuracy CMOS oper
ational amplifiers. 

The TSC914 takes full advantage of Teledyne's 
proprietary CMOS technology. The TSC914 1.5 mA 
supply current (250 µA per amplifier) makes the 
TSC914 the lowest power, precision quad operational 
amplifier available. The 250 microampere amplifier 
supply current does not compromise AC performance. 
Unity gain bandwidth is 1.5 MHz and slew rate is 2.5 
V/µs. 

For single and dual operational amplifiers see 
the TSC911 and TSC913 data sheets. 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Ordering Information 

Temperature Max. Offset 
Part No. Package Range Voltage 

*TSC914ACPD 
14-Pin 

0°c to 70°C 15 µV 
Plastic DIP 

*TSC914BCPD 
14-Pin 

0°C to 70°C 30 µV Plastic DIP 

*TSC914AIJD 
14-Pin 

-25°C to 85°C 15 µV CerDIP 

*TSC914BIJD 
14-Pln 

-25°C to 85°C 30µV 
CerDIP 

TSC914AY Chip 25°C 15 µV 

TSC914BY Chip 25°C 30 µV 

• Parts Available with 160 Hour, +125°C Burn-In. Add /BL to Part 
Number Suffix. 

Pin Configuration 



PRODUCT INFORMATION 

TSC914 
Absolute Maximum Ratings 
Total Supply Voltage (Vs to Vs) ................ 18 Volts 
Input Voltage .............. (Vs+ 0.3) to (Vs - 0.3) Volts 

Operating Temp. Range 
I Device ......................... -25 °c to +85 °c 
C Device ........................... O °C to +70 °C 

Storage Temp. Range ................ -55 °C to 150 °C Package Power Dissipation (TA= 25 ° C) 

Lead Temperature (Soldering, 10 sec) ........... 300 ° C CerDIP Package .............................. 500 mW 
Current into Any Pin ............................ 10 mA Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375 mW 

Electrical Characteristics: Vs= ±5, TA= 25°C unless otherwise indicated. 

TSC914A TSC914B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 

Vos 

2 Vos/T 

3 Is 

4 los 

5 en 

6 en 

7 CMRR 

8 CMVR 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Average Input 
Bias Current 

Average Input 
Offset Current 

Input Voltage 
Noise 

Input Voltage 
Noise 

Common-Mode 
Rejection Ratio 

Common-Mode 
Voltage Range 

TA=25°C 

0°C s TA s 70°C 
-25°C s TA s 85°C 

TA=25°C 
0°C STAS 70°C 
-25°C s TA s 85°C 

TA=25°C 

0.1to1.0 Hz, Rs s 100 n 

0.1to10 Hz, Rs s 100 n 

- + 
Vs s VcM s Vs - 2.2 v 110 

Vs 

9 AoL 
Open-Loop 
Voltage Gain RL = 10 kil, Vo= ±4 V 115 

10 Vour 
Output Voltage 
Swing RL = 10 kn Vs+ .3 v 

11 SW 

12 SR 

13 PSRR 

14 Vs 

15 Is 

Notes: 

Closed Loop 
Bandwidth 

Slew Rate 

Power Supply 
Rejection 

Operating Supply 
Voltage 
Range (Note 3) 

Quiescent 
Supply Current 
(Four Amplifiers) 

Closed Loop Gain = +1 

RL = 10 kfl, CL = 50 pf 

±3.3 S Vs s ± 5.5 V 

Vs= ±5 V 

1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the devices. These are stress ratings only and func
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: vS = +4.5 v to +16 v. 
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0.6 
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nA 

pA 
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Typical Characteristic Curves 

Supply Current vs 
± Supply Voltage 
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QUAD AUTO-ZEROED 
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Gain vs Phase 
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PRODUCT INFORMATION 

Theory of Operation 
Each of the TSC914's four op amps actually consists of two 
amplifiers. A main amplifier is always connected from the 
input to the output. A separate nulling amplifier alternately 
nulls its own offset and then the offset of the main amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature and power supply varia
tions is greatly reduced. 

All nulling circuitry is internal, and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TSC914's four amplifiers, control the 
nulling process. 

Pin Compatibility 
The TSC914 pinout is compatible with the OP11, LM324, 
LM348, L T1014, TLC274, and similar quad op amps. In many 
circuits operating from single or±5 V supplies, the TSC914 is 
a drop-in replacement which will offer DC performance rival
ing that of the best single op amps. 

The TSC914 amplifiers include a low impedance class AB 
output buffer. Some previous CMOS chopper amplifiers have 
used a high impedance output stage which made open-loop 
gain dependent on load resistance. The TSC914 open-loop 
gain is not dependent on load resistance. 

Overload Recovery 
The TSC914 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 

TSC914 
Avoiding Latch-Up 
Junction isolated CMOS circuits inherently contain a parasi
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa
tion. TSC914 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig
gering the p-n-p-n structure. 
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Static Protection 
Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta
blish "static safe" CMOS component handling areas. A par
tial company list is: 

•3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 

m 
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~f'"TELEDVNE 
SEMICONDUCTOR 
The Analog Signal Processing Company T• 

TSC915 
HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

INPUT 

OUTPUT 
CLAMP 
CIRCUIT 

FEATURES 
• High-Voltage Operation . . . . . . . . . . . . . . . . ±15 V 
• Low Offset Voltage . . . . . . . . . . . . . . . . 10 µV Max. 
• Low Offset Voltage Drift . . . . . . . . . . . . 0.2 µV/°C 
• Low Input Bias Current . . . . . . . . . . 200 pA Max. 
• High Open-Loop Voltage Gain . . . . . . . . . 140 dB 
• Wide Common-Mode 

Voltage Range . . . . . . . . . . . . . . . . -15 V to +13 V 
• Low Input Voltage Noise 

(0.1 to 1 Hz) . . . . . . . . . . . . . . . . . . . . . . . 0.2 µV/p_p 
• Low Supply Current . . . . . . . . . . . . . . . . . . . . 1 mA 
• Single Supply Operation . . . . . . . . . . . . 7 to 32 V 
• Pin Compatible with ICL7650 
• Output Clamp Speeds Overload Recovery Time 

A 

LOW OUTPUT IMPEDANCE 
BUFFER 

---+---GCs 
A' 

B' 

A' 

CA & C9 EXTERNAL CAPACITORS 

CA =Ce= 0.1 µF 
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GENERAL DESCRIPTION 
The TSC915 is a high-voltage, high performance 

CMOS chopper-stabilized operational amplifier. The 
TSC915 can operate from the same ±15 V power 
supplies as are commonly used to power bipolar op 
amps such as the OP07 and 741. Previous CMOS 
chopper amplifiers, such as the 7650, were limited to 
operating from ±7.5 V supplies. 

The TSC915 maximum· Vos specification is 
only 10 µV, almost a factor.of seven improvement over 
the industry standard OP07E. The maximum Vos drift 
of 0.1 µV/°C is twelve times less than the OP07E. Input 
bias and offset currents, both only 100.pA maximum, 
are factors .of 20 improvements. 

In addition to low initial offset errors, the 
nulling circuitry ensures excellent performance over 
time and temperature. Long term drift, which results in 
periodic recalibration, is effectively eliminated. The 
nulling circuitry continues to operate over the full 
temperature range, whereas laser .and "zener zap" 
trimming are only done at a single temperature. The 
result is a significant decrease in temperature-induced 
errors. 

The TSC915 operates from dual or single 
power supplies. Supply current is typically 1 mA with 
±15 V supplies. Single supply operation extends from 
+7 V to +32 V, and the input common-mode range 
extends to Vs-. For battery operation, see the low
power TSC900 data sheet. 

Open-loop gain is 120 dB minimum with a 10 kn 
load. Unlike the 7650, the TSC915 gain is independent 
of load resistance. The low impedance output will drive 
a 10 kn load to ±14 V. An output clamp circuit is 
provided to minimize overload recovery time. 

The TSC915 uses two amplifiers to correct 
offset voltage errors. A main amplifier is always in the 
signal path, which prevents switching spikes at·the 
output. A separate nulling amplifier alternately corrects 
its own Vos error a:nd then the main amplifier's Vos 
error. Only two external capacitors are required, to 
store the nulling error voltages. All active nulling 
circuitry, including switches and oscillator, are included 
on the chip. 

HIGH-VOLTAGE ,AUTO~ZEROED 
OPERATl()NAL AMPLIFIER 

The TSC915 does not require complicated 
processing and testing procedures associated with 
laser or "zener zap" Vostrimming schemes. Simplified 
fabrication and high yields combine to make the 
TSC915 one of the:lowest priced precision op amps 
available. The TSC915 is available in 8-pin and 14-pin 
plastic or CerDIP packages. Dice are available for 
hybrid applications. 

Ordering Information 

Temperature Max 
Part No. Package Range Vos 

TSC915CPA 8-Pin 
0°C to +70°C 10 µV Plastic DIP 

TSC9151JA 
8-Pin 

-25°C to +85°C 10 µV 
CerDIP 

TSC915CPD 
14-Pin 

0°c to +70°C 10 µV 
Plastic DIP 

TSC9151JD 14-Pin -2s0 c to as0 c 10 µV 
CerDIP 

Pin Configuration 

13 ~:PTJTRNAL CLOCK 

NC(GUARD) 3 12 ~J.fp't~AL CLOCK 

NC= NO INTERNAL CONNECTION 
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PRODUCT INFORMATION 

TSC915 
Absolute Maximum Ratings Operating Temp. Range 
Total Supply Voltage (Vs to Vs) . . . . . . . . . . . . . . . . 36 Volts I Device ........................... -25° C to +85° C 
Input voltage ............... (Vs+ 0.3) to (Vs - 0.3) Volts C Device ............................. 0°C to +70°C 
Storage Temp. Range .................. -55°C to 150°C Package Power Dissipation (TA= 25°C) 
Lead Temperature (Soldering, 10 sec) ............ 300°C CerDIP Package .............................. 500 mW 
Current into Any Pin ............................ 10 mA Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375 mW 

Electrical Characteristics: Vs = ±15 v, TA = 25° c unless otherwise indicated. 

NO. SYMBOL 

Vos 

2 Vos!T 

3 Is 

4 los 

5 en 

6 en 

7 CMRR 

8 CMVR 

9 AoL 

10 VouT 

11 BW 

12 SR 

13 PSRR 

14 Vs 

15 Is 

Notes: 

PARAMETER 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Average Input 
Bias Current 

Average Input 
Offset Current 

Input Voltage 
Noise 

Input Voltage 
Noise 

Common-Mode 
Rejection Ratio 

Common-Mode 
Voltage Range 

Open-Loop 
Voltage Gain 

Output Voltage Swing 

Closed-Loop 
Bandwidth 

Slew Rate 

Power Supply 
Rejection 

Operating Supply 
Voltage Range 

Quiescent Supply 

TEST 
CONDITIONS 

0°c s TA s 70°C 
-25°C STAS 85°C 

TA= 25°C 
0°c s TA s 70°C 
-25°C STAS 85°C 

TA= 25°C 

0.1to1.0 Hz, Rs s 100 n 

0.1 to 10 Hz, Rs S 100 0 

Vs s VcM s Vs - 2 

RL = 10 kO, Vo=± 10 V 

RL = 10 kO 

Closed-Loop Gain = +1 

RL = 10 kO, CL = 50 pf 

Vs= ±5 to ±15 v 

(Note 3) 

Vs=±15V 

1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

2. Stresses above those listed under "Absolute Maximum Ratings'' may cause 
permanent damage to the devices. These are stress ratings only and func
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: V~ ~ +7 V to +32 V. 
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MIN 

120 

Vs 

120 

Vs+ 1 V 

120 

±3.5 v 

TSC915 
TYP 

.01 

30 

50 

0.2 

0.8 

140 

140 

0.5 

0.5 

140 

1.0 

MAX 

10 

0.1 
0.3 

100 

10 

100 

Vs-2.0 

Vs -1.2 V 

± 16 v 

1.5 

UNIT 

µV 
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Theory of Operation 
Figure 1 shows the major elements of the TSC915. There are 
two amplifiers: the main (signal) amplifier and the nulling 
amplifier. Both of these have offset nulling capability. The 
main amplifier is always connected to the output. The nulling 
amplifier alternately samples and adjusts its own offset, and 
then the offset of the main amplifier. 

A two-phase operation nulls the mai.n amplifier. During the 
first phase the A pair of switches close, while the B switches 
open. The nulling amp's inputs are shorted and its output is 
fed back to the nulling input. Capacitor CA charges to a volt
age which will maintain the nulling amp in its nulled state. 

During the second phase, the B switches close and the A 
switches open. The nulling amp's inputs now sample the off
set voltage of the main amp. The nulling amp drives the main 
amp's nulling input to cancel the main amplifier's offset volt
age. Capacitor Cs stores the nulling voltage of the main amp
lifier while the nulling amp is being nulled on the next cycle. 

TSC915 

HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

The TSC915 design also incorporates an additional output 
buffer stage. The buffer provides a low impedance output 
traditionally associated with bipolar op amps. Some CMOS 
chopper-stabilized amplifiers, such as the 7650, have a high 
output impedance which makes open-loop gain proportional 
to load resistance. The TSC915 open-loop gain is not depen
dent on load resistance. 

Pin Compatibility 
Since the TSC915 operates from the same ±15 V power sup
plies as do bipolar op amps, upgrading existing circuits is 
simple. The bipolar op amp's nulling and compensation com
ponents are removed, and the TSC915 nulling capacitors are 
added. 

On the 8-pin mini-DIP TSC915 the external null storage 
capacitors are connected to pins 1 and 8. On most other 
operational amplifiers these are left open or are used for off
set potentiometer or compensation capacitor connections. 

Cs 

~ EXTERNAL 
CAPACITORS 

Figure 1: TSC915 Contains a Nulling and Main Amplifier. Offset Correction Voltages are Stored on Two External 
Capacitors. 
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PRODUCT INFORMATION 

For OP05 and OP07 operational amplifiers, replacing the 
offset null pot between pins 1 and 8 with two capacitors from 
the pins to Vs will convert the OP05/07 pin configuration for 
TSC915 operation. The 741 is easily upgraded by removing 
the nulling pot between pin 4 and pins 1 and 5, then connect
ing capacitors from pin 4 to pins 1 and 8. For LM108 devices 
the compensation capacitor is replaced by the external null
ing capacitors. The LM101/748/709 pin outs are modified 
similarly by also removing any circuit connections to pin 5. 
On the TSC915, pin 5 is the output clamp connection. Other 
operational amplifiers may use this pin as an offset or com
pensation point. 

The minor modifications needed to retrofit a TSC915 into 
existing sockets make prototyping and circuit verification 
straightforward. 

14 PIN PACKAGE 

(PIN 8 ISCONNECTED TO 
PIN 7 INTERNALLY) 

8 PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Nulling Capacitors 
The offset voltage correction capacitors are connected to CA 
and Cs. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (CR, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 

13-41 

TSC915 
Internally Vs is connected to CR. 

CA and Cs should be 0.1 µF film capacitors. Mylar capacitors 
are suitable. 

Component Selection 
The two required capacitors, CA and Cs, have optimum 
values depending on the clock or chopping frequency. For 
the preset internal clock, the correct value is 0.1 µF. To main
tain the same relationship between the chopping frequency 
and the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High-quality 
film-type capacitors such as mylar are preferred. Ceramic or 
other lower-grade capacitors may be suitable in some appli
cations. For fast settling on initial turn-on, low dielectric 
absorption capacitors (such as polypropylene) should be 
used. With ceramic capacitors, several seconds may be re
quired to settle to 1 µV. 

Clock Operation 
The internal oscillator is set for a 1000 Hz nominal frequency 
on both the 8 and 14-pin dual-in-line packages. With the 
14-pin DIP TSC915, the 250 Hz internal frequency is available 
at the internal clock output (Pin 12). A 1000Hz nominal signal 
will be present at the external clock input pin (Pin 13) with 
INT/EXT high or open. This is the internal clock signal before 
a divide by four operation. 

The 14-pin DIP device can be driven by an external clock. 
The INT/EXT input (Pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used INT/EXT must be tied to Vs (Pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to ±6 V and between Vs and Vs 
-6 V for higher supply voltages. When the external clock is 
generated by +5 V logic, capacitive coupling to Pin 13 
(through a 0.1 µF capacitor) will provide adequate drive. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by four gives the desired 50% switch
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the inter
nal switches open. 

m 



The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so 
that it is low during the time an overload signal is applied, 
neither capacitor will be charged. This function can be used 
to prevent input transients from overloading the.nulling cir
cuitry. The leakage currents at the capacitor pins are very 
low, so offset voltage drift during strobe operation is mini
mized. 

Output Clamp 
Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the exter
nal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is length
ened by the long recovery time of the nulling amplifier and 
external capacitors. 

Through an external clamp connectipn, the. TSC915 elimi
nates the overload recovery problem by reducing the feed

. back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical in
verting and non-inverting circuit connections shown in 
Figure 4 and 5. For the clamp to be fully effective, the imped
ance across the clamp output stwuld be greater than 100 kO. 

When the clamp is used, the clamp "OFF" leakage will add to 
input bias current. However, clamp leakage in the "OFF" 
state is typically only 1 pA. 

ITIVE CLAMP ~IAS ... v+ -VT ... v+ - 0.7V _LERNAL 

PCHANNEL 

.-----0 OUTPUT 

N CHANNEL 

ERNAL 

CLAMP 
PIN 

AT!VE CLAMP BIAS.,.. v- + Vr 
,..v-+0.7V 

~---------o TSC915 
OUTPUT 
PIN 

Figure 3: Internal Clamp Circuit 

HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

•CONNECT TO \IS 
ON8 PIN DIP 

INPUT ------1 

R3 + (R1/R2) ~ 100kn 
FOR FULL CLAMP EFFECT 

0.1 µ.F 

Figure 4: Non-Inverting Amplifier with Optional 
Clamp. 

(R1 II R2l ;;;..100 kil 

FOR F~LL CLAMP EFFECT 

0.1µ.F 0.1µ.F 

Figure 5: Inverting Amplifier with Optional Clamp 

Input Bias Current 
The TSC915 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. 

The impulse current is not usually a problem, because the 
amount of charge transferred is very small. Care should be 
exercised, however, when replacing high input bias current 
bipolar op amps. Conventional design practice is to cancel 
bias current by matching the input impedances (Figure 6a). 
The TSC915 has an input bias current of only 100 pA maxi
mum, so the additional resistor is not necessary. In fact, in
cluding the resistor will make the charge injection current, 
passing through the impedance balancing resistor, appear as 
a noise source. When replacing an existing op amp with the 
TSC915, either omit the resistor or bypass it to ground with a 
capacitor (Figure 6b). 
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+15 v 

"s 
Is 100 nA, MAX 

R5. RF--.... 

Rs+ RF ,-"=y\{l\~---t 

BIAS CURRENT 
CANCELLATION RESISTOR -15 V 

OFFSET 
NULLING 

FREQUENCY 
COMPENSATION 

(a) High Input Bias Current Op Amp 

Figure 6: Input Bias Current Cancellation 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include a para
sitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 

Static Protection 
All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 

Typical Characteristic Curves 

TSC915 

+15V 

0.1 µF 

-15V 

(b) Low Input Bias Current TSC915 

diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manufac
turers in establishing "static safe" work areas where CMOS 
components are handled. A partial company listing is: 

•3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

Supply Current 
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HIGH;.VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

Typical Characteristic Curves (Cont.) 
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FEATURES 
• Low Power Supply Current . . . . . . 800 µA Max. 
• Low Input Offset Voltage . . . . . . . . . . 50 µV Max. 
• Low Input Offset Voltage Drift ... 0.8 µV/°C Max. 
• High Impedance Differential 

CMOS Inputs . . . . . . . . . . . . . . . . . . . . . . . . . 1012 n 
• High Open Loop Voltage Gain . . . . 100 dB Min. 
• Low Input Noise Voltage . . . . . . . . . . . . 0.3 µVp_p 
• Compensated Internally for Stable Unity Gain 

Operation 
• High Common Mode Rejection . . . . . 98 dB Min. 
• SO Packages Available 

CLAMP OUTPUT 

OUTPUT 
CLAMP 
CIRCUIT 

INTERNAL 
OSCILLATOR & 
CONTROL CIRCUIT 

INT/00 
EXT CLK 
JN PUT 

CLOCK 
OUTPUT 

m 



LOW COST OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The TSC918 is a general purpose, low cost 

CMOS operational amplifier. By sampling input offset 
voltage periodically a.nd storing compensating voltages 
on external capacitors low offset voltage errors are 
possible. The correction circuits compensate offset 
voltage drift with temperature and time. Offset voltage 
temperature coefficient is 0.8 µV/°C maximum. Maxi
mum Vos is 50 µV. 

The TSC918 performance advantages are 
achieved without the manufacturing complexity and 
cost incurred with laser or "zener zap" Vos trim 
techniques. The TSC918 offers a 0.2 V/µs slew rate and 
a 700 kHz unity gain bandwidth. Open loop voltage 
gain is 100 dB. 

Operating from ±5 V supplies the CMOS 
TSC918 power dissipation is under 10 mW. In +5 Vonly 
systems the TSC7660 DC-to-DC converter can supply 
the TSC918 negative supply potential. The TSC918 will 
also operate from a single +5 supply. 

For lower power dissipation and offset voltage 
errors, see the TSC900 and TSC7650/7650A specifi
cations. 
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Ordering Information 

Part No. Package 

TSC918CPA 8-Pin 
Plastic Dip 

TSC918COA 8-Pin SO 

TSC9181JA 8-Pin 
CerDIP 

TSC918CPD 14-Pin 
Plastic DIP 

TSC918COD 14-Pin SO 

TSC9181JD . 14-Pin 
CerDIP 

Pin Configuration 

Temperature 
Range 

0°c to +70°C 

COM 

-25°C to +85°C 

COM 

COM 

IND 

14 INT/ffi 
EXTERNAL CLOCK 

13 INPUT 

12 ~UT.:pi~AL CLOCK 

,, v~ 

10 OUTPUT 

9 OUTPUT CLAMP 

NC= NO INTERNAL CONNECTION 

Max 
Vos 

50µV 

50µV 

50µV 

50µV 

50µV 

50µV 

Note: For SO and DIP Packages, see Data Sheet 
TSC911 on page 13-20. 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Total Supply Voltage (Vs to Vs) ................ 18 Volts 
Input Voltage .............. (Vs+ o.3) to (Vs - o.3) Volts 
Storage Temp. Range .................. -55° C to 150° C 
Lead Temperature (Soldering, 10 sec) ............ 300° C 
Voltage on Oscillator Control Pins .......•..... Vs to Vs 
Output Short Circuit Duration .....•........... Indefinite 

TSC918 
Current into Any Pin ...................••....... 10 mA 

While Operating (Note 4) ................... 100 µA 
Operating Temp. Range 

I Device ...........•....•.......... -25° C to +85° C 
C Device ............................. 0°C to +70°C 

Package Power Dissipation (TA= 25° C) 
CerDIP Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 

Electrical Characteristics: vs = +5 v, vs= -5 v, CA= cs= 0.1 µF. TA= 25° c. 

TEST TSC918 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Vos Input Offset Voltage TA= +25°C 50 µV 

2 J.Vos Input Offset Voltage Operating Temp 
0.4 0.8 µV/°C ~ Average Temp. Coefficient Range (Note 1) 

Average 
I 3 IBIAS Input Bias TA=+ 25°C 100 pA 
N Current (Note 7) 
p 

4 los Input Offset Current TA=+ 25°C 0.5 pA u 
T 5 Input Noise Voltage Rs= 100 !l 4 µVp-p Bnp·-p Oto 10 Hz 

6 8np·-p Input Noise Voltage Rs= 100 !l 0.3 µVp-p 
0 to 1 Hz 

7 R1N Input Resistance 1012 ll 

8 CMVR Common-Mode -5.0 +2.0 v v 
Voltage Range 

9 CMRR Common-Mode 
CMVR = -5 V to +2.0 V 98 115 dB 

Rejection Ratio 

0 10 Av Large-Signal Voltage Gain RL = 10 kll 100 130 dB 
u Output Voltage RL = 25 kll -4.7 +3.5 T 11 Vour v 
p Swing (Note 3) RL = 100 kll -4.9 +3.9 
u 12 Clamp ON Current (Note 2) RL = 100 kll 20 90 200 µA 
T 

13 Clamp OFF Current (Note 2) -4.0 v < Vour < + 4.0 V pA 
D 
y Unity 
N 14 Bw Gain Unity Gain (+1) 0.7 MHz 
A Bandwidth 
M 

CL= 50 pf, I 15 SR Slew Rate 0.2 Vlµs c RL = 10 kll 

s 16 
+ - Operating 16 v u Vs to Vs Supply Range 4.5 

p 
17 Is Supply Current No Load 300 800 µA p 

L 18 PSRR Power Supply Vs = ± 3 v to ± 8 v 105 dB y Rejection Ratio 

Notes: 
1. Operating temperature range is -25° C to +85° C for "I" grade and 0° C to 6. Stresses above those listed under "Absolute Maximum Ratings'' may cause 

+70° C for "C" grade. permanent damage to the device. These are stress ratings only and tune-
2. See OUTPUT CLAMP discussion. tional operation of the device at these or any other conditions above those 
3. OUTPUT CLAMP not connected. indicated in the operational sections of the specifications is not implied. 
4. Limiting input current to 100 µA is recommended to avoid latch-up Exposure to absolute maximum rating conditions for extended periods may 

problems. affect device reliability. 
5. Static Sensitive Device. Unused devices must be stored in conductive ma- 7. Average current caused by switch charge transfer at input. 

terial to protect devices from possible static damage. 
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LOW COST OPERATIONAL AMPLIFIER 

OP Amp Performance Comparison 
The TSC918 is a low cost, low power, precision amplifier. A 
comparison between the TSC918 and other amplifiers is 
shown in Figure 1 below. 

Figure 1 

10.0 

l=1 

0.1 

Supply Current vs 
Offset Voltage 

oP07C R0Po20 

CA3493 B 
CA3160 

OP02cl 

O~GJIL ... 
°WTSC918-H OP12 G -i+Hii 

OP12 F 

TLC271 B 
ICL 7611 e.i 
(IQ~ 

IIlI 
10µ.V 100µV 1 mV 10mV 

MAXIMUM OFFSET VOLTAGE 

Maximum Vos vs Vos Drift 

10mV~D!IDll~IJI J= OP02 D 

10 100 
MAXIMUM OFFSET VOLTAGE DRIFT (µVfC) 

Nulling Capacitors 
The Offset voltage correction capacitors are connected to CA 
and Ce. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (CR, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 

Internally Vs is connected to CR. 

CA and Ce should be 0.1 µF film capacitors. Mylar capacitors 
are suitable. 

14 PIN PACKAGE 

{PIN 8 IS CONNECTED TO 
PIN 7 INTERNALL V) 

8 PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Clock Operation 
The internal oscillator is set for a 150 Hz nominal frequency 
on both the f! and 14-pin dual in line packages. With the 14-
pin DIP TSC918, the 150 Hz internal frequency is available at 
the internal clock output (Pin 12). A 300 Hz nominal signal 
will be present at the external clock input pin (Pin 13) with 
EXT /INT high or open. This is the internal clock signal before 
a divide by two operation: 

The 14-pin DIP device can be driven by an external clock. The 
INT/EXT input (Pin 14) has an internal pull-up and maybe left 
open for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vs (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
clock input (Pin 13). 

The external clock amplitude should swing between vii and 
ground for power supplies up to ±6Vand between Vii and Vii 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% switch
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the inter
nal switches open. 

The external clock input can also be used asa strobe input. If 
a strobe signal is connected attheexternal clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa
citor pins are very low. 
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Output Clamp 
If the output is driven to either supply rail output saturation 
occurs. The inputs are no longer held at a "virtual ground." 
The Vos null circuit treats the differential signal as an offset 
and tries to correct it by charging the external capacitors. 
The nulling circuit also saturates. Once the input signal re
turns to normal, the response time is lengthened by the long 
recovery time of the internal correction circuit and external 
capacitors. 

Through an external clamp connection, the TSC918 elimi
nates the overload recovery problem by reducing the feed
back network gain before the output voltage reaches either 
supply rail. 

Normally the clamp pin is not connected. 

_LERNAL 
ITIVE CLAMP BIAS 

PCHANNEL 

----OOUTPUT 

NCHANNEL 

ERNAL 

CLAMP 
PIN 

ATIVE CLAMP BIAS 

~--------<> TSC918 
OUTPUT 
PIN 

Figure 3: Internal Clamp Circuit 

R3 + fA1/R2);;.:. 100kfl 
FOR FULL CLAMP EFFECT 

CONNECT CAPACITORS TO 
VS WITH 8-PIN DIP 

Rt 

Figure 4: Non-Inverting Amplifier with Optional Clamp 

Input Bias Current 
The TSC918 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 

TSC918 

R2 

(R1 11 Rzl .,,.100 kH 

FOR FULL CLAMP EFFECT 

0.1 "F 0.1 µF 

Figure 5: Inverting Amplifier with Optional Clamp 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include a parasi
tic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 

Typical Characteristic Curve 

Gain and Phase 
vs Frequency 

-50 l--+-l-+l+++ll-+.j--l++H+l--+-++F- -90 

-60 '--'-L...l...LJ.W'-....... ...U..LW.L.__..._...U.. ..... -135 
10 kHz 100 kHz 1 mHz 10 mHz 

UNITY GAIN BANDWIDTH 
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PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

OUTPUT 
CLAMP 

INPUTS 

.., FOR B PIN DIP CONNECT TO VS 

FEATURES 
• Low Input Offset Voltage . . . . . . . . . . . . . . . . . 5 µV 
• Low Input Offset Voltage Drift ... 0.05 µV/°C Max. 
• Low Input Bias Current . . . . . . . . . . . 10 pA Max. 
• High Impedance Differential CMOS Inputs ... 1012 0 
• High Open Loop Voltage Gain . . . . 120 dB Min. 
• Low Input Noise Voltage . . . . . . . . . . . . 2.0 µVp_p 
• High Slew Rate ...................... 2.5 V/µs 
• Low Power Operation . . . . . . . . . . . . . . . . 20 mW 
• Output Clamp Speeds Recovery Time 
• Compensated Internally for Stable Unity Gain 

Operation 
• Direct Replacement for ICL7650 
• Available in Surface Mount Package 

~~TSC7650 
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TSC7650 
GENERAL DESCRIPTION 

The TSC7650 CMOS chopper-stabilized oper
ational amplifier practically removes offset voltage 
error terms from system error calculations. The 5 µV 
maximum Vos specification, for example, represents a 
fifteen times improvement over the industry standard 
OP07E. The 50 nV/°C offset drift specification is over 
twenty-five times lower than the OP07E. The increased 
performance eliminates Vos trim procedures, periodic 
potentiometer adjustment and the reliability problems 
caused by damaged trimmers. 

The TSC7650 performance advantages are 
achieved without the additional manufacturing com
plexity and cost incurred with laser or "zener zap" Vos 
trim techniques. The TSC7650 is one of the lowest cost 
precision operational amplifiers available. 

The TSC7650 nulling scheme corrects both de 
Vos errors and Vos drift errors with temperature. A 
nulling amplifier alternately corrects its own Vos errors 
and the main amplifier Vos error. Offset nulling voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC7650 output. The null scheme keeps Vos errors 
low throughout the operating temperature range. Laser 
and "zener zap" trimming can correct for Vos at only 
one temperature. 

The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage capacitors are required. The TSC7650 operates 
as a conventional operational amplifier . with vastly 
improved input specifications. The low Vos and Vos 
drift errors make the TSC7650 ideal for thermocouple, 
thermistor, and strain gauge applications. Low de 
errors and high open loop gain make the TSC7650 an 
excellent preamplifier for precision analog to digital 
converters like the TSC7135 and TSCBOO. 

The 14-pin dual in line package (DIP) has an 
external oscillator input to drive the nulling circuitry for 
optimum noise performance. Both the 8 and 14-pin DIP 
have an output voltage clamp circuit to minimize 
overload recovery time. 

PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Ordering Information 

Max. 
Temp. Offset 

Part No. Package Range Voltage 

*TSC7650CPA 8-Pin 0°c to 70°C 5µV 
Plastic Dip 

*TSC76501JA 
8-Pin 

-25°C to 85°C 5µV 
CerDIP 

*TSC7650CPD 14-Pin 0°c to 70°C 5µV 
Plastic Dip 

*TSC76501JD 
14-Pin 

-25°C to 85.°C 5µV 
CerDIP 

TSC7650CQA 
8-Pin 

0°c to 70°C 5µV 
Surface Mount 

TSC7650COD 14-f>in 0°c to 10°c 5µV 
Surface Mount 

• Available with 160 hour, +125°C burn-in. Add /Bl to part number 
suffix. 

Pin Configuration {SO and DIP} 
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14 INT/00 

13 ~:p~ETRNAL CLOCK 

12 6NJfri~AL CLOCK 

11 v$ 
5 CLAMP +INPUT 5 10 OUTPUT 

~--• NC(GUARD) & 9 OUTPUTCLAMP 

NC,. NO INTERNAL CONNECTION 

8-Pln SO 14-Pln SO 

Ce 14 INT/EXT 

13 ~:p~ETRNAL CLOCK 

12 bNJfpi~AL CLOCK 

5 CLAMP +INPUT 5 

--.L_ _ _r- NC (GUARD) 6 9 OUTPUT CLAMP 

NC= NO INTERNAL CONNECTION 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Total Supply Voltage (VS to Vs) . . • . . . . . . . . . . • . . 18 Volts 
Input Voltage .•............ (Vii+ 0.3) to (Vs - 0.3) Volts 
Storage Temp. Range ....•....•.•.•.... -55° C to 150° C 
Lead Temperature (Soldering, 10 sec) .•.........• 300° C 
Voltage on Oscillator Control Pins •..•••••...•• v$ to Vs 
Output Short Circuit Duration .•.•.•.•..••.•••• Indefinite 
Current into Any Pin . • • • • • • . • • • • . • • • • • • • . • • • • . • • 10 mA 

While Operating (Note 4) ....................... 100 µ.A 
Operating Temp. Range 

M Device . • .. . . • . • • .. . • .. . . • • • • . • -55° C to +125° C 
I Device ........................... -25° C to +85° C 
C Device ............................. 0° C to +70° C 

Package Power Dissipation (TA = 25° C) 
CerDIP Package ............................... 500 mV 
Plastic Package . . . • . . . . • . . • . • . . . . . . . . . . . • • • . • . 375 mW 

Electrical Characteristics: v$ = +5 v, vs= -5 v, CA= cs= 0.1 µ.F. TA= 25° c. 

TEST TSC7650 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

TA= +25°C ±0.7 ±5.0 
Vos Input Offset Voltage 

Over Operating Temp. ± 1.0 
µV 

Range (Note 1) 

2 J.Vos Input Offset Voltage Operating Temp 
0.01 0.05 µV/°C li.T Average Temp. Coefficient Range (Note 1) 

3 Offset Voltage vs Time 100 nV 

N v'month 

p TA=+25°c 1.5 10 

u 4 IBIAS Input Bias Current o•c,,;TA$+70°C 35 150 pA 

T -25°C $TA$+ 85°C 100 400 

5 los Input Offset Current TA= 25°C 0.5 pA 

6 enp-p Input Noise Voltage Rs= 100 n 2 µVp-p 
Oto 10 Hz 

7 in Input Noise Current f = 10 Hz 0.01 pA/JHz 

8 R1N In put Resistance 1012 n 

9 CMVR Common-Mode -5.0 -5.2 to +1.6V v 
Voltage Range +2.0 

10 CMRR Common-Mode CMVR = -5 V to +1. 5 V 120 130 dB 
Rejection Ratio 

0 11 Av Large-Signal Voltage Gain RL=10k!1 120 130 dB 

u 12 Vour Output Voltage Swing (Note 3) RL=10k!1 ± 4.7 ± 4.85 v T 
p RL = 100 k!l ± 4.95 
u 13 Clamp ON Current (Note 2) RL = 100 k!l 25 70 200 µA T 

14 Clamp OFF Current (Note 2) -4.0 v < Vour < + 4.0 V 1 pA 

D 15 Bw Unity Gain Bandwidth Unity Gain (+1) 2.0 MHz 
y 

16 SR Slew Rate CL = 50 pF, RL = 10 k 2.5 V/µs 
N 
A 17 tr Rise Time 0.2 µS 
M 18 Overshoot 20 % 
I 
c 19 fch Internal Chopping Frequency Pins 12-14 Open (DIP) 120 200 375 Hz 

s 20 
+ - Operating 16 v u Vs to Vs Supply Range 4.5 

p 
21 Is Supply Current No Load 2.0 3.5 mA p 

L 22 PSRR Power Supply Vs = ± 3 V to ± 8 V 120 130 dB y Rejection Ratio 

Notes: 5. Static Sensitive Device. Unused devices must be stored in conductive ma-
1. Operating temperature range is -25°C to +85°C for "I" grade and 0°C to terial to protect devices from possible static damage. 

+1o•c for "C" grade. 6. Stresses above those listed under "Absolute Maximum Ratings" may cause 
2. See OUTPUT CLAMP discussion. permanent damage to the device. These are stress ratings only and func-
3. OUTPUT CLAMP not connected. See characteristic curves for output tional operation of the device at these or any other conditions above those 

swing vs clamp current. indicated in the operational sections of the specifications is not implied. 
4. Limiting input current to 100 µA is recommended to avoid latch-up Exposure to absolute maximum rating conditions for extended periods may 

problems. affect device reliability. 
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TSC7650 
Theory of Operation 
Figure 1 shows the major elements of the TSC7650.There are 
two amplifiers, the main amplifier and the nulling amplifier; 
both have offset-null capability. The main amplifier is. con
nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency 
oscillator and clock circuit, alternately nulls itself and the 
main amplifier. Two external capacitors provide the required 
storage of the nulling potentials and the necessary nulling
loop time constants. The nulling arrangement operates over 
the full common-mode and power-supply ranges, and is also 
independent of the output level, thus giving exceptionally 
high CMRR, PSRR, and AvoL. 

v+ 

ANALOG 
INPUT 

v-

A 

GAIN=AN, 
OFFSET "' VQSN 

A 

Figure 1: TSC7650 Contains a Nulling and Main Am
plifier. Offset Correction Voltages are Stored 
on Two External Capacitors. 

Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 

The circuits offset voltage compensation is easily shown. 
With the nulling inputs shorted a voltage almost identical to 
the nulling amplifier offset voltage is stored on CA. The effec
tive offset voltage at the null amplifier input is: 

1 
(1) VosE = -·-- VosN 

AN+ 1 

After the nullin'g amplifier is zeroed the main amplifier is 
zeroed; the A switches open and B switches close. 

The output voltage equation is: 

(2) Vo =AM [ VosM + (V+ - v-) + AN(V+ - v-) + AN VosE] 

Substituting (1) •(2) and assuming AN >>1. 

PRECISION CHOPPER ... STABILIZED 
OPERATIONAL AMPLIFIER 

(3) Vo = AM AN [ (V+ - v-) + VosM + VosN] 
AN 

As desired the device offset voltages are reduced by the 
tiigh open-loop gain of the .nulling amplifier. 

Output Stage/Load Driving 
The output circuit is a high-impedance stage (approximately 
18 k!l). With loads less than t~is the chopper amplifier be
haves in some ways like a transconductanceamplifierwhose 
open-loop gain is proportional to load resistance. For exam
ple, the open-loop gain will be 17 dB lower with a 1 k!l load 
than with a 10 k!l load. If the amplifier is used strictly for de 
the lower gain is of little consequence since the de gain is 
typically greater than 120 dB even with a 1 k!l load. In wide
band applications, ihe best frequency response will be 
achieved with a load resistor of 10 k!l or higher. This will re
sult in a smooth 6 dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 
where the main amplifier takes over from the null amplifier. 
The clock frequency sets the transition region. 

Intermodulation 
Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise b.ecause the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. 
frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the TSC7650 by 
feeding the nulling circuit with a dynamic current, corres
ponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to a finite 
ac gain. The intermodulation and gain/phase disturbances 
are held to very low values, and can generally .be ignored. 

Nulling Capacitor Connection 
The offset voltage correction capacitors are connected to C~ 
and Cs. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (CR, Pin 
8) on the 14-pin packages. The common connection sh.ould 
be made through either a separate pc trace or Wire to avoid 
yoltage drops. The capaci!ors outside.foil, if possible, should 
be connected to CR or Vs. 
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PRODUCT INFORMATION 

vS vs v1; 

14 PIN PACKAGE 8 PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Clock Operation 
The internal oscillator is set for a 200 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650, the 200 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
400 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. 
Offset voltage and noise characteristics vs chopping fre
quency are shown in the typical operating characteristic 
curves. The INT/EXT input (Pin 14) has an internal pull-up 
and maybe left open for internal clock operation. If an 
external clock is used INT/EXT must be tied to Vs (Pin 7) to 
disable the internal clock. The external clock signal is applied 
to the external clock input (Pin 13). 

The external clock amplitude should swing between Vs and 
ground for power supplies up to± 6 V and between v+ and v+ 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa
citors are charged only when the external clock input is high. 
A 50-80% external clock positive duty cycle is desired for f re
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 

The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa
citor pins are very low. At 25° Ca typical TSC7650 will drift 
less than 10 µ V /sec. 

Output Clamp 
Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through an external clamp connection, the TSC7650 elimi
nates the overload recovery problem by reducing the feed
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 k!1. 

TlVE CLAMP BIAS"" y+ - VT"' y+ - 0.7V _LRNAL 

P CHANNEL 

.----~ OUTPUT 

N CHANNEL 

ANAL 

CLAMP 
PIN 

TIVE CLAMP BIAS"' v- + Vr 
""v-+0.7V 

~---------<0 TSC7650 
OUTPUT 
PIN 

Figure 3: Internal Clamp Circuit 

*CONNECT TO \fS 
ON 8 PIN DIP 

R3 + (R1/R2l ;.1ookn 
FOR FULL CLAMP EFFECT 

0.1 µF 

R2 

R1 

Figure 4: Non-Inverting Amplifier with Optional Clamp 
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TSC7650 

R2 

.-----.--'V'>/V----, *CONNECT TO V$ 
ONBPINOIP 

(R 1 11 R2) ;;..100 kS1 

FOR FULL CLAMP EFFECT 

0.1 µF 0.1 µF 

Figure 5: Inverting Amplifier with Optional Clamp 

Static Protection 
All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu
facturers in establishing "static safe" work areas where 
CMOS components are handled. A partial company listing is: 

•3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Convertors 
1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 

•AGL 
1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris
tics similar to an SCR. Under certain circumstances this junc
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta
blished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 

PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Thermo-Electric Potentials 
Precision de measurements are ultimately limited by thermo
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 µV/°C, but up to tens of µV/°Cforsome materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi
pating elements is advised. 

Pin Compatibility 
On the 8-pin mini-dip TSC7650 the external null storage 
capacitors are connected to pins 1and8. On most other oper
ational amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OP05/07 pin configura
tion for TSC7650 operation. For LM108 devices the compen
sation capacitor is replaced by the external nulling capaci
tors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC7650 pin 5 is the output clamp connection. Other opera
tional amplifiers may use this pin as an offset or compensation 
point. 

The minor modifications needed to retrofit a TSC7650 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Input Guarding 
High impedance, low leakage CMOS inputs allow the TSC7650 
to make measurements of high impedance sources. Stray 
leakage paths can increase input currents and decrease 
input resistance unless inputs are guarded. A guard is a 
conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe
dance ring. The equal potential between ring and inputs pre
vents input leakage currents. Typical guard connections are 
shown in Figure 6. 

The 14-pin DIP configuration has been specifically designed 
to ease input guarding. The pins adjacent to the inputs are 
unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 
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Rl R2 

OUTPUT 

Inverting 

R2 

OUTPUT 

NOTE: R3"' :~+;z 
SHOULD BE LOW 
IMPEDANCE FOR 
OPTIMUM GUARDING 

•use R3 TO COMPENSATE FOR 
LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. 

Non-Inverting 

Figure 6: Input Guard Connection 

Component Selection 
The two required capacitors, CA Cs. have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 µF. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should tie 
scaled in proportion to the external clock if used. High
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene} 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 µV. 

OUTPUT 

Follower 
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TSC7650 
Typical Characteristic Curves 
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Negative Clamp Current 
vs Output Voltage 
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~'°"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company'" 

CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

FEATURES 
• Low Input Offset Voltage ................. 5 µV 
• Low Input Offset Voltage Drift .... 0.2 µV/°C Max. 
• Low Input Bias Current . . . . . . . . . . . 15 pA Max. 
• High Impedance Differential CMOS Inputs ... 1012 0 
• High Open Loop Voltage Gain . . . . 120 dB Min. 
• High Slew Rate ...................... 4.0 V/µs 
• Low Power Operation . . . . . . . . . . . . . . . . 17 mW 
• Output Clamp Speeds Recovery Time 
• Compensated Internally for Stable Unity Gain 

Operation 
• Pin Compatible Replacement for ICL7650 

~""" TSC7650A 

INPUTS 

• FOR 8 PIN DIP CONNECT TO VS 

INTERMOD 
COMP 
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TSC7650A 
GENERAL DESCRIPTION 

The TSC7650A CMOS chopper-stabilized 
operational amplifier practically removes offset voltage 
error terms from system error calculations. The 5 µV 
maximum Vos specification, for example, represents a 
fifteen times improvement over the industry standard 
OP07E. The 0.2µV/°C Max. offset drift specification is 
six times lower than the OP07E. The increased per
formance eliminates Vos trim procedures, periodic 
potentiometer adjustment and the reliability problems 
caused by damaged trimmers. The TSC7650A features 
lower maximum power supply current and higher slew 
rate than the ICL7650. The TSC7650A power supply 
current is 2.5 mA maximum. 

The TSC7650A performance advantages are 
achieved without the additional manufacturing com
plexity and cost incurred with laser or "zener zap" Vos 
trim techniques. The TSC7650A is one of the lowest 
cost precision operational amplifiers available. 

The TSC7650A nulling scheme corrects both 
de Vos errors and Vos drift errors with temperature. A 
nulling amplifier alternately corrects its own Vos errors 
and the main amplifier Vos error. Offset nulling voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC7650A output. The null scheme keeps Vos errors 
low throughout the operating temperature range. Laser 
and "zener zap" trimming can correct for Vos at only 
one temperature. 

The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage capacitors are required. The TSC7650A oper
ates as a conventional operational amp I ifier with vastly 
improved input specifications. The low Vos and Vos 
drift errors make the TSC7650A ideal for thermocouple, 
thermistor, and strain gauge applications. Low de 
errors and high open loop gain make the TSC7650A an 
excellent preamplifier for precision analog to digital 
converters like the TSC7135, TSCBOO, and TSC7109. 

The 14-pin dual in line package (DIP) has an 
external oscillator input to drive the nulling circuitry for 
optimum noise performance. Both the8 and 14-pin DIP 
have an output voltage clamp circuit to minimize 
overload recovery time. 
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Ordering Information 

Temp. Max. 
Part No. Package Range Vos 

'TSC7650ACPA 8-Pin 
0°c to 70°C 5 µV 

Plastic Dip 

TSC7650ACOA 8-Pin SO 0°C to 70°C 5 µV 

'TSC7650AIJA 
8-Pin 

-25°C to 85°C 5 µV CerDIP 

'TSC7650ACPD 
14-Pin 

0°c to 70°C 5 µV Plastic Dip 

TSC7650ACOD 14-Pin SO 0°c to 70°C 5 µV 

'TSC7650AIJD 
14-Pin 

-25°C to 85°C 5 µV 
CerDIP 

• Available with 160 hour, +125°C burn-in. Add /Bl to part number 
suffix. 

Pin Configuration (SO and DIP) 

Cs 

8-Pin SO 

Cs 

14 INT/EXT 

13 ~:P~ETRNAL CLOCK 

12 6NuTipi~AL'CLOCK 

,, vS 

NC"' NO INTERNAL CONNECTION 

14-Pin SO 

13 ~:P~TRNAL CLOCK 

12 6NuTip~~AL CLOCK 

,, v$ 

NC"' NO INTERNAL CONNECTION 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Total Supply Voltage (Vs to Vs) .•.............. 18 Volts 
Input Voltage .............. (Vs+ 0.3) to (Vs - 0.3) Volts 

While Operating (Note 4) ................... 100 µA 
Operating Temp. Range 

Storage Temp. Range .....•...•.......• -55°C to 150°C I Device •.......................... -25° C to +85° C 
Lead Temperature (Soldering, 10 sec) ............ 300° C 
Voltage on Oscillator Control Pins ............. Vs to Vs 

C Device ............................. 0°C to +70°C 
Package Power Dissipation (TA= 25° C) 

Output Short Circuit Duration ................. Indefinite CerDIP Package ............................... 500 mV 
Current into Any Pin ................•........... 10 mA Plastic Package . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 375 mW 

Electrical Characteristics: vs= +5 v, vs= -5 v. CA= cs= 0.1 µF. TA= 25°c. 

TEST TSC7650A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Vos Input Offset Voltage TA= +25°C ± 0.7 ± 5.0 µV 

2 dVos Input Offset Voltage Operating Temp 
0.08 0.2 µV/°C ,:H Average Temp. Coefficient Range (Note 1) 

N TA=+ 25°C 1.5 15 

p 3 IBIAS Input Bias Current 0°C'.OTA'.0+70°C 35 150 pA 

u -25°C '.OTA '.O + 85°C 100 400 

T 4 los Input Offset Current TA= 25°C 0.5 pA 

5 enp-p Input Noise Voltage Rs=100f1 4.0 µVp-p 0.1to10 Hz 

6 in Input Noise Current f = 10 Hz O.D1 pA1vHz 

7 R1N Input Resistance 1012 f1 

8 CMVR Common-Mode -5.0 -5.2 to +1.5 v v Voltage Range +2.0 

9 CMRR Common-Mode CMVR = -5 V to +1. 5 V 120 130 dB Rejection Ratio 

0 10 Av Large-Signal Voltage Gain RL = 10 kf1 120 130 dB 

u 11 Vour Output Voltage Swing (Note 3) RL = 10 kf1 ± 4.7 ± 4.85 v T 
p RL = 100 kfl ± 4.95 

II u 12 Clamp ON Current (Note 2) RL = 100 kf1 25 70 200 µA T 
13 Clamp OFF Current (Note 2) -4.0 V < Vour < + 4.0 v 1 pA 

D 14 Bw Unity Gain Bandwidth Unity Gain (+1) 1.0 MHz 
y 

15 SR Slew Rate CL= 50 pF, RL = 10 kf1 4.0 V/µs N 
A 16 tr Rise Time 0.2 µS 
M 17 Overshoot 30 % I 
c 18 fch Internal Chopping Frequency Pins 12-14 Open (DIP) 120 300 420 Hz 

s 19 v8 to vs Operating 
4.5 16 v u Supply Range 

p 
20 Is Supply Current No Load 1.7 2.5 mA p 

L 21 PSRR Power Supply 
Vs = ± 3 V to ± 8 V 120 130 dB y Rejection Ratio 

Notes: 5. Static Sensitive Device. Unused devices must be stored in conductive ma-
1. Operating temperature range is -25°C to +85°C for "I" grade and 0°C to terial to protect devices from possible static damage. 

+70° C for "C" grade. 6. Stresses above those listed under "Absolute Maximum Ratings" may cause 
2. See OUTPUT CLAMP discussion. permanent damage to the device. These are stress ratings only and tune-
3. OUTPUT CLAMP not connected. See characteristic curves for output tional operation of the device at these or any other conditions above those 

swing vs clamp current. indicated in the operational sections of the specifications is not implied. 
4. Limiting input current to 100 µA is recommended to avoid latch-up Exposure to absolute maximum rating conditions for extended periods may 

problems. affect device reliability. 
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TSC7650A 
Theory of Operation 
Figure 1 shows the major elements of the TSC7650A. There 
are two amplifiers, the main amplifier and the nulling amplifier; 
both have offset-null capability. The main amplifier is con
nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency oscil
lator and clock circuit, alternately nulls itself and the main 
amplifier. Two external capacitors provide the required stor
age of the nulling potentials and the necessary nulling-loop 
time constants. The nulling arrangement operates over the 
full common-mode and power-supply ranges, and is also 
independent of the output level, thus giving exceptionally 
high CMRR, PSRR, and AvoL. 

v+ 

v-

A 

~"' TSC7650A 

GAIN =AN, 
OFFSET"' VOSN 

A 

Figure 1: TSC7650A Contains a Nulling and Main Am
plifier. Offset Correctl.on Voltages are Stored 
on Two External Capacitors. 

Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 

The circuits offset voltage compensation is easily shown. 
With the nulling inputs shorted a voltage almost identical to 
the nulling amplifier offset voltage is stored on CA. The effec
tive offset voltage at the null amplifier input is: 

1 
(1) Vose= -- VosN 

AN+ 1 

After the nulling amplifier is zeroed the main amplifier is 
zeroed; the A switches open and B switches close. 

The output voltage equation is:· 

(2) Vo =AM [ VosM + (V+ - V-) + AN(V+ - V-) + ANVOSE] 

Substituting (1) - (2) and .assuming AN »1. 

·· CHOPPER.;STABILIZED 
OPERATIONAL AMPLIFIER 

(3) Vo = AM AN [ (V+ - v-) '+ VosM + VosN] 
AN 

As ·desired the device offset voltages are requced by the 
high open-loop gain of the nulling amplifier. 

Output Stage/Load Driving 
The output circuit is a high-impedance stage (approximately 
18 kO). With loads less than this the chopper amplifier be
haves in some ways like a transconductan.ce amplifier whose 
open-loop gain is proportional to load resistance. For exam
ple, the open-loop gain will be.17 dB lower with a 1 kO load 
than with a 1 O kO load. If the amplifier is used strictly for de 
the lower gain is of little consequence since the de gain is 
typically greater than 120 dB even with a 1 kO load. In wide
band applications, the best frequency response will be 
achieved with a load resistor of 10 kO or higher. This will re
sult in a smooth 6 dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 
where the main amplifier takes over from the null amplifier. 
The clock frequency sets the transition region. 

Intermodulation 
Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. frequency 
characteristics near the chopping frequency. These effects 
are substantially reduced in the TSC7650A by feeding the 
nulling circuit with a dynamic current, corresponding to the 
compensation capacitor current, in such a way as to cancel 
that portion of the input signal due to a finite ac gain. The 
intermodulation and gain/phase disturbances are held to 
very low values, and can generally be ignored. 

Nulling Capaci.tor Connection 
The offset voltage correction capacitors are connected to CA 
and Cs. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (CR, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
vciltage drops. The capacitors outside foil, if possible, should 
be connected to CR or Vs. 
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PRODUCT INFORMATION 

NULLING CAPACITOR CONNECTION 

Vs vs vS 

14 PIN PACKAGE 8 PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Clock Operation 
The internal oscillator is set for a 300 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650A, the 300 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
600 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 

The 14-pin DIP device can be driven by an external clock. 
The INT/EXT input (Pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used INT/EXT must be tied to Vs (Pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (Pin 13). 

The external clock amplitude should swing between v; and 
ground for power supplies up to± 6 Vand between v+ and v+ 
-6 V for higher supply voltages. 

At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa
citors are charged only when the external clock input is high. 
A 50-80% external clock positive duty cycle is desired for fre
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 

The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa
citor pins are very low. At 25°C a typical TSC7650Awill drift 
less than 10 µ.V/sec. 
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Output Clamp 
Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is leng
thened by the long recovery time of the nulling amplifier and 
external capacitors. 

Through an external clamp connection, the TSC7650Aelimi
nates the overload recovery problem by reducing the feed
back network gain before the output voltage reaches either 
supply rail. 

The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kfl. 

ANAL 
TIVE CLAMP BIAS ""v+ - VT"" v+ - 0.7V 

PCHANNEL 

----o OUTPUT 

N CHANNEL 

ANAL 

CLAMP 
PIN 

TIVE CLAMP BIAS"" v- + Vr 

""v- + 0.7V 

'-----------0 TSC7650A 
OUTPUT 

Figure 3: Internal Clamp Circuit 

*CONNECT TO VS 
ON 8 PIN DIP 

R3 + (A1/R2) ;;:.100kl! 
FOR FULL CLAMP EFFECT 

0.1 µf 

PIN 

R2 

R1 

Figure 4: Non-Inverting Amplifier with Optional Clamp 

• 



TSC7650A 

0.1µF 0.1µF 

*CONNECT TO VS 
ON SPIN DIP 

FOR"FULL CLAMP EFFECT 

Figure 5: Inverting Amplifier with Optional Clamp 

Static Protection 
All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 

Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manufac
turers in establishing "static safe" work areas where CMOS 
components are handled. A partial company listing is: 

•3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Convertors 
1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 

• ACL 
1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include a para
sitic 4-layer (p-n-p-n) structure which has. characteris
tics similartoan SCR. Under certain circumstances this junc
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta
blished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 

CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 

Thermo-Electric· Potentials 
Precision de measurements are ultimately limited by thermo
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 µV/°C, but up to tens of µV/°Cforsome materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi
pating elements is advised. 

Pin Compatibility 
On the 8-pin mini-dip TSC7650A the external null storage· 
capacitors are connected to pins 1 and 8. On most other 
operati.onal amplifiers these are left open or are used for 
offset potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, the replacement of 
the offset null pot between pins 1 and 8 by two capacitors from 
the pins to Vs will convert the OP05/07 pin configuration for 
TSC7650A operation. For LM108 devices the compensation 
capacitor is replaced by the external nulling capacitors. The 
LM101/748/709 pin outs are modified similarly by also 
removing any circuit connections to pin 5. On the TSC7650A 
pin 5 is the output clamp connection. Other operational 
amplifiers may use this pin as an offset or compensation 
point. 

The minor modifications needed to retrofit a TSC7650Ainto 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 

Input Guarding 
High impedance, low leakage CMOS inputs allow the 
TSC7650A to make measurements of high impedance 
sources. Stray leakage paths can increase input currents and 
decrease input resistance unless inputs are guarded. A guard 
is a conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe
dance ring. The. equal potential between ring and inputs 
prevents input leakage currents. Typical guard connections 
are show'n in Figure 6. · 

The 14-pin DIP configuration has been specifically designep 
to ease input guarding. The pins adjacent to the inputs are 
unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 
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R1 

R1 

NOTE: R3 

*USE R3 TO COMPENSATE FOR 
LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. 

R2 

Inverting 

R2 

SHOULD BE LOW 
IMPEDANCE Fon 
OPTIMUM GUARDING 

Non-Inverting 

Figure 6: Input Guard Connection 

OUTPUT 

Component Selection 
The two required capacitors, CA Cs, have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 µF. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 µV. 

OUTPUT 

Follower 

Gain = 1000, 1 Div~ 20 µVp-p 

Figure 7: TSC7650A Peak to Peak Noise (0.1 to 1 OHz) 
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TSC7650A 
Typical Characteristic Curves 
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~f" TELEDYNE 
SEMICONDUCTOR 

TSC7652* 
LOW NOISE, CHOPPER STABILIZED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

OUTPUT 
CLAMP 
CIRCUIT 

FEATURES 

• Extremely low input offset voltage (10 µV over 
temperature range) 

• Ultra-low long-term and temperature drifts of input 
offset voltage (150 nV/month, 100 nV/°C) 

• Low DC input bias current (15 pA) 
• Extremely high gain, CMRR and PSRR (minimum 

110 dB) 
• Low input noise voltage (0.2 µVp_p; DC to 1 Hz) 
• Internally compensated for utility-gain operation 
• Very low intermodulation effect (open-loop phase 

shift < 2° at chopper frequency) 
• Clamp circuit to avoid overload recovery problems 

and allow comparator use 
• Extremely low chopping spikes at input and output 

"""' TSC7652 

i l4:P1N" DtP ONLY i 

osc 
I INT/EXT I 
I I 

EXT CLK IN I 

CLK OUT I 
I I 
L-------J 

A 
INPUTS >-----------------0 OUTPUT 

• FOR B PIN DIP CONNECT TO Vs 

© 1987 

INTERMOD 
COMP 
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TSC7652 
General Description 
Compared to some amplifiers, the TSC7652 chopper
stabilized, low noise operational amplifier from Teledyne 
Semiconductor improves noise performance and provides 
a wider common mode input voltage range. The TSC7652 
offers low-input offset voltage and time/temperature stabil
ity with reduced bandwidth and slew rate. CMOS circuitry 
eliminates most chopping spikes intermodulation effects 
and over-range lock-up problems. 

The TSC7652 compares inverting and non-inverting input 
voltages in an amplifier nulled by alternate clock phases. 
Two external capacitors store the correcting potentials on the 
two amplifier-nulling inputs. All control circuitry, including the 
clock oscillator, is self-contained. The TSC7652 is internally 
compensated for unity-gain operation. If required, the 14-pin 
version can use an external clock. 

The functional diagram shows the main components of the 
TSC7652. The main and nulling amplifiers have offset-null 
capability. The main amp is connected continuously from 
input to output. Controlled by the chopping-frequency 
oscillator and clock circuit, the nulling amp alternately nulls 
itself and the main amp. The nulling connections (MOSFET 
gates) are high impedance. Two external capacitors provide 
nulling potential storage and nulling-loop time constraints. 
Nulling operates over the full common-mode and power 
supply ranges. Independent of the output level, this arrange
ment gives exceptionally high CMRR, PSRR and AVOL. 

Balancing the input switches (and the input circuit) 
reduces chopper frequency charge injection at input 
terminals. The main cause of output spikes in this type 
of circuit (feedforward-type injection into the compensa
tion capacitor) is minimized. 

Other chopper-stabilized amplifiers experience inter
modulation effects between chopper frequency and input 
signals. The finite AC gain of the amplifier requires a small 
AC signal at the input. The zeroing circuit sees this as an 
error signal, which it chops and feeds back. The circuit 
also injects sum-and-difference frequencies and causes 
gain and phase/frequency characteristics disturbances 
near the chopping frequency. 

The TSC7652 reduces these intermodulation effects by 
feeding the nulling circuit a dynamic current that corres
ponds to the compensation capacitor current and cancels 
the portion of the input signal from finite AC gain. In this 
way, the major cause of TSC7652 error is minimized. The 
gain and phase disturbances are held to such low values 
that they can usually be ignored. 

PRODUCT INFORMATION 

Ordering Information 

Part No. Package Temp Range 

TSC7652CPA 8-pin plastic DIP o to 70°C 

TSC76521JA 8-pin ceramic DIP -25 to +85°C 

TSC7652CPD 14-pin plastic DIP o to 70°C 

TSC76521JD 14-pin ceramic DIP -25 to +85°C 

TSC7652CY Chip 25°C 

TSC7652ZCPA 8-pin plastic DIP Oto 70°C 

Pin Configuration 

INT/EXT 

EXTERNAL CLOCK 
INPUT 
INTERNAL CLOCK 
OUTPUT 

11 v~ 

OUTPUT 

9 OUTPUT CLAMP 

NC= NO INTERNAL CONNECTION 

Capacitor Connection 
Connect the null-storage capacitors to the CEXTA and 
CEXTB pins with a common connection to the CRETN pin 
(14-pin package) or to Vs (8-pin package). To avoid 
injecting load current IR drops into the capacitive circuitry, 
make this connection directly by a separate wire or a PC 
trace. 
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LOW NOISE, CHOPPER STABILIZED 
OPERATIONAL AMPLIFIER 

TSC7652 
Absolute Maximum Ratings Continuous total power dissipation (TA =25°C) 

cerDIP package ..................... 500 mVI/ 

Total supply voltage (V$ to Vs) ................. 18V plastic package ...................... 375 mVI/ 

Input voltage ................. (V$+0.3) to (Vs-0.3) V Storage temperature range .......... -55 to + 150°C 

Voltage on oscillator control pins ........... Vs to Vs Operating temperature range 
Duration of output short circuit ............ indefinite I device ....................... -25 to +85°C 
Current into any pin ....................... 10 mA C device .......................... 0 to 70°C 

Vl/hile operating (Note 4) ................... 100 µA Lead temperature (soldering, 10 sec) ......... 300°C 

Electrical Characteristics Vt, = +5V, Vs = -5V, TA = 25°C, unless otherwise indicated 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vos Input offset voltage TA=25°C ±2 ±5 µV 
Over operating temp range ±10 
(Note 1) 

llV0 s/llT Average temperature Operating temp range 0.01 0.05 ,,v1oe 
coefficient of input (Note 1) 
offset voltage 

Vos//lT Offset voltage vs. time 150 nV/mo 

ls1AS Input bias current TA= +25oC 30 100 pA 
(CLK on) 0°C<TA < +70°C 100 pA 

-25°C <TA< +85°C 250 1000 pA 

ls1AS Input bias current TA= +25°C 15 30 pA 
(CLK off) 0°C<TA < +70°C 35 pA 

-25°C <TA< +85°C 100 pA 

las Input offset current TA= +25°C 25 150 pA 

A1N Input resistance 1012 !} 

AvoL Large signal voltage AL= 10 k!l 120 150 dB 
gain VouT = ±4V 

VouT Output voltage swing AL= 10 k!l ±4.7 ±4.85 v 
(Note 3) AL= 100 k!l ±4.95 v 

CMVA Common-mode -4.3 +3.5 v 
voltage range 

CMAA Common-mode CMVA= 120 140 dB 
rejection ratio -4.3V to +3.5V 

PSAA Power supply ±3V to ±8V 120 140 dB 
rejection ratio 
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PRODUCT INFORMATION 

TSC7652 
Electrical Characteristics {continued) Vs = +5V, Vs = -5V, TA = 25°C; 
unless otherwise indicated 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

en Input noise voltage Rs = 100 n, DC to 1 Hz 0.2 1.5 µVp.p 
DC to 10 Hz 0.7 5.0 µVp.p 

in Input noise current f = 10 Hz O.Q1 pA/~Hz 

GBW Unity-gain bandwidth 0.4 MHz 

SR Slew rate CL = 50 pF, RL = 10 k{} 1 V/µS 

Overshoot 15 % 

v;, to Vs Operating supply range 5.0 16 v 

lsuPPLY Supply current No load 1 3 mA 

fch Internal chopping Pins 12-14 open (DIP) 100 250 Hz 
frequency 

Clamp ON current RL = 100 k{} 25 100 µA 
(Note 2) 

Clamp OFF current -4.0VsVouT<+4.0V 1 pA 
(Note 2) 

Notes: 1. -25"C to +85"C, or O"C to + 70"C. 
2. See OUTPUT CLAMP under detailed description. 
3. OUTPUT CLAMP not connected. See typical characteristics curves for output swing versus clamp current characteristics. 
4. Limiting input current to 100 µA is recommended to avoid latchup problems. Typically 1 mA is safe; however, this is not guaranteed. 
5. Static Sensitive Device. Appropriate precautions should be taken when handling, shipping or storing these devices. 
6. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devices. These are stress ratings 

only and functional operation of the device at these or any other conditions above those indicated in the operational sections of the 
specifications is not implied. 

Output Clamp 
In chopper-stabilized amplifiers, the output clamp pin 
reduces overload recovery time. When a connection is 
made to the inverting input pin (summing junction) just 
before the device output saturates, a current path is 
created between that point and the output pin. This 
prevents uncontrolled differential input voltages and 
charge buildup on correction-storage capacitors. Output 
swing is reduced. 

Clock 
The TSC7652 has an internal oscillator with a 275 Hz chop
ping frequency at the clock out pin on 14-pin devices. An 
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external clock can also be used. In normal operation, the 
INT/EXT pin, with an internal pull-up, may be left open. 
To disable the internal clock and use an external one, 
however, this pin must be tied to Vs+. Then the external 
clock signal may be applied to the ext clock-in pin. An 
internal divide by two provides 50% input switching duty 
cycle. Because capacitors are charged only when Ext 
Clock In is high, a 50 to 80% positive duty cycle is recom
mended, especially for higher frequencies. The external 
clock can swing between Vs and Vs, with the logic 
threshold about 2.5V below Vs~ A 550 Hz signal with a 
70% duty cycle (internal clock signal before being fed to 
the divider) is present at the Ext Clock In pin with INT/EXT 
high or open. 
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With a strobe signal available, take the following approach 
to avoid capacitor misbalancing during overload. If the 
stobe signal is connected to Ext Clock In so that it is low 
when the overload signal is applied to the amp, neither 
capacitor will be charged. Because capacitor pin leakage 
is low at room temperature, most amps will drift less than 
10 µV/second, allowing long measurements with slight 
offset change. 

Test Circuit 

R, 
IMO 

Connection of Input Guards 

R, R, 

Inverting Ampllller 

R, 

R, 

Non-Inverting Amplifer 

OUTPUT 

OUTPUT 

OUTPUT 
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TSC7652 
APPLICATION NOTES 

Component Selection 
CEXTA and CEXTB (required capacitors) operate in the 
0.1 µF to 1.0 µF range. For minimum clock ripple noise, 
use a 1.0 µF capacitor in broad bandwidth circuits. For 
limited bandwidth applications where clock ripple is filtered 
out, use a 0.1 µF capacitor for slightly lower offset voltage. 
Try mylar or another high-quality film-type capacitor, 
although a lower grade (such as ceramic) may work in 
some applications. For quickest settling after inital turn-On, 
use low dielectric absorption capacitors (e.g., polypro
pylene). With ceramic capacitors, settling to 1 µV takes 
several seconds. 

Static Protection 
Although input diodes static protect all device pins, avoid 
strong static fields and discharges that can cause degraded 
diode junction characteristics and produce increased input
leakage currents. 

Latch up 
Junction-isolated CMOS circuits have a 4-layer (p-n-p-n) 
structure similar to an SCR. Sometimes this junction can 
be triggered into a low-impedance state and produce excess 

OUTPUT 



TSC7652 
supply current. Therefore, avoid applying to any pin voltage 
greater than 0.3V beyond the supply rails. Establish the 
amplifier supplies at the same time or before any input 
signals are applied. If this cannot be done, drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. 

Output Stage/Load Driving 
The output circuit is high impedance (about 18 kn). With 
lesser loads, the chopper amplifier behaves somewhat like 
a transconductance amplifier with an open-loop gain pro
portional to load resistance. (For example, the open-loop gain 
is 17 dB lower with a 1 kn load than with a 10 kn load.) If 
the amp is used only for DC, the DC gain is typically greater 
than 120 dB (even with a 1 kn load), and this lower gain 
is inconsequential. For wideband, the best frequency 
response occurs with a load resistor of at least 10 kn. This 
produces a 6 dB/octave response from 0.1 Hz to 2 MHz, with 
phase shifts of less than 2 degrees in the transition region, 
where the main amplifer takes over from the null amplifier. 

Thermo-Electric Effects 
The thermo-electric (Peltier) effects in thermocouple 
junctions (or dissimilar metals, alloys, silicon, etc.) limit 
ultra-high precision DC amplifiers. Unless all junctions are 
at the same temperature, thermo-electric voltages around 
0.1 µV/°C (up to tens of µ, V/°C for some materials) are 
generated. To realize the low offset voltages of the chop
per, avoid temperature gradients. Enclose components to 
eliminate air movement, especially from power-dissipating 
elements in the system. Where possible, use low thermo
electric-coefficient connections. Keep power supply 
voltages and powe; dissipation to a minimum. Use high
impedance loads and seek maximum separation from 
surrounding heat-dissipating elements. 

Guarding 
To benefit from TSC7652 low-input currents, take care 
assembling printed circuit boards. Clean boards with 
alcohol or TCE and blow dry them with compressed air. 
To prevent contamination, coat boards with epoxy or 
silicone rubber. 

Even if boards are cleaned and coated, leakage currents 
may occur because input pins are next to pins at supply 
potentials. To reduce this leakage, use guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. The guard (a conductive ring surrounding 
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inputs) is connected to a low-impedance point at about the 
same voltage as inputs. Then the guard absorbs leakage 
currents from high voltage pins. 

The 14-pin dual-in-line arrangement simplifies guarding. 
Like the LM108 pin configuration (but unlike the 101A and 
741), pins next to inputs are not used. 

Pin Compatibility 
Where possible, the 8-pin device basic pinout conforms 
to such industry standards as the LM101 and the LM741. 
Null storing external capacitors connect to pins 1 and 8, 
which are usually for offset-null or compensation capa
citors. Output clamp (Pin 5) is similarly used. For OP-05 
and OP-07 devices, replacement of the offset-null pot 
(connected between pins 1 and 8 and Vs by two 
capacitors from those pins to Vs) provides compatibility. 
Replacing the compensation capacitor between pins 1 and 
8 by two capacitors to Vs is required. The same opera
tion (with the removal of any connection to Pin 5) works 
for LM101, µA748 and similar parts. 

Because NC pins provide guarding between input and 
other pins, the 14-pin device pinout conforms closely to 
the LM108. Because this device does not use any extra 
pins and does not provide offset-nulling (but requires a 
compensation capacitor), some layout changes are neces
sary to convert to the TSC7652. 

Some Applications 
To improve circuit performance through reducing 
input-offset voltage and bias current, use the TSC7652 
Operational Amplifier. 

Figures i and 2 show basic inverting and non-inverting 
amplifier circuits using the output clamping circuit to 
enhance overload recovery performance. The only limita
tions on replacing other op amps with the TSC7652 are 
supply voltage ± 8V maximum) and output drive capability 
(10 kn load for full swing). Overcome these limitations with 
a booster circuit (Figure 3) to combine output capabilities 
of the LM741 (or other standard device) with input capa
bilities of the TSC7652. These two form a composite 
device; therefore, when adding the feedback network, 
monitor loop gain stability. 

Figure 4 shows the clamp circuit of a zero-offset com
parator. Because the clamp circuit requires the inverting 
input to follow the input signal, problems with a chopper
stabilized op amp are avoided. The threshold input must 
tolerate the output clamp current "" VIN/R without disrup
ting other parts of the system. 
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INPUT 

Figure 1. 
Non-Inverting Amplifier with (Optional) Clamp 

Figure 2. 
Inverting Amplifier with (Optional) Clamp 

-7.SV 

0.1µF 

Figure 3. 
Using 741 to Boost Output Drive Capability 

v,. 

Figure 4. 
Low Offset Comparator 

TSC7652 

2ooknto 
2MO 

Figure 5 shows how the 1SC7652 can offset-null high slew 
rate and wideband amplifiers (such as the HA2500 and 
HA2600 series). 

Mixing the TSC7652 with circuits operating at ± 15V 
requires a lower supply voltage for the CMOS op amp. To 
do this easily, build a voltage divider with the 7660 Voltage 
Converter circuit operated "backwards." Figure 6 shows 
an approximate connection. 

Figure 5. 
HA2500 or HA2600 Offset-Nulled by TSC7652 

10µF 

Figure 6. 
Splitting +15V with the 7660 at <95% efficiency 
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TSC7652 
Typical Characteristics 
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Noise at 0.1 to 10 Hz 
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Phase-Gain (Bode Plot) 
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TSC7652 
lYPlcal Characteristics (continued) 

Noise at 0. 1 to 100 Hz Slew Rate 
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FUNCTIONAL DIAGRAM 

INPUT 

©1987 

OUTPUT 
CLAMP 
CIRCUIT 

FEATURES 
•High voltage operation-± 15 V 
• Low noise (0 to 1 Hz)-0.2 µVp.p 
• Widecommonmodevoltage-V$toV~ -2V 
• Low supply current-1 mA 
• Low offset voltage-10 µ V 
• Pin compatible to low-voltage 7652 
• Low impedance output 

"""' TSC76HV52 

A 

A' 

~TOVs OR CR B' 

~ w 

DSC 

CA 

A' 

CA & CB EXTERNAL CAPACITORS 

CA= c8 = 0.1 µf 
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TSC76HV52 
GENERAL DESCRIPTION 

The TSC76HV52 brings the benefits of chop
per stabilized operational amplifiers to the engineer 
needing high voltage power supply operation. As a 
substitute for the 7652, the TSC76HV52 offers 
reduced power dissipation, wider common mode 
voltage and greater output current drive capability. 
Pin compatible with the low voltage 7652, the 
TSC76HV52 extends power supply operation to 
±.15 V. Single or dual supply operation is possible. 

Optimized for low noise and low power, the 
TSC76HV52 gives premium electrical performance. 

Noise (0 to 1 Hz) is a low 0.2 µV P-P· Operating from 
± 15 V, supply current is only 1 .0 mA. 

Application versatility is increased over the 
low-voltage 7652 by extending the input common 
mode voltage to VS· Common mode rejection is 
120 db. The TSC76HV52 output stage is designed to 
drive loads typical of bipolar operational amplifiers. 

Open loop gain is 120 db minimum with a 1 OKQ load. 

The TSC76HV52 maximum Vos specifi

cation is only 10 µV. The maximum Vos drift is only 
0.3 µV/°C. Input bias currents of only 100 pA 
maximum are lower than those for the industry 
standard OP07E by a factor of 20. 

In addition to low initial offset errors, the 
nulling circuitry ensures excellent performance over 
time and temperature. Long-term drift, which neces
sitates periodic system recalibration, is effectively 
eliminated. The nulling circuitry continues to operate 
over the full temperature range, whereas laser and 
zener zap trimming are only done at a single 

COMPARISON 
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temperature. The result is a significant decrease in 
temperature-induced errors. 

The TSC76HV52 uses two amplfiers to 
correct offset voltage errors. A main amplifier is 
always in the signal path, which prevents switching 
spikes at the output A separate nulling amplifier 
alternately corrects its own Vos error and then the 
main amplifier's Vos errors. Only two external 
capacitors are required to store the nulling error 
voltages. All active nulling circuitry, including 
switches and oscillator, are included.on the chip. 

The TSC76HV52 is offered in an 8- or 14-pin 
standard, hermetic Cer DIP package for the same 
cost as standard ICL7652 plastic devices. 

Ordering Information 

Part No. Package Temp. Range 

TSC76HV52CPA 8-pin Plastic DIP 0°C to 70°C 

TSC76HV521JA 8-pin CerDIP -25°C to 85°C 

TSC76HV52CPD 14-pin Plastic DIP 0°C to 70°C 

TSC76HV521JD 14-pin CerDIP -25°C to 85°C 

Pin Configurations 

Parameter TSC76HV52 ICL7652CPD 

Input noise 0.2 µV p,p 0.2µV p.p 

Operating voltage 7to32V 5to 16 V EXTERNAL CLOCK 
INPUT 

Max SUQQly current 1.5mA 3.5mA INTERNAL CLOCK 
OUTPUT 

Negative common Vs Vs+0.7V 
mode voltage 

Single supp operation Yes No 

Operating temperature -25to +85°C Oto 70°C 
NC"° NO INTERNAL CONNECTION 

Hermetic package Yes No 
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TSC76HV52 
Absolute Maximum Ratings 

Total supply voltage (Vs to V s}-36 V 
Input voltage-(Vs + 0.3) to (Vs - 0.3) v 
Storage temperature range- -55 to + 150°C 

Lead temperature (soldering 10 sec)-300°C 
Current into any pin-1 O mA 
Operating temperature range- -25 to +85°C 
Package power dissipation (TA= 25°C}-500 mW 

Electrical Characteristics vs = ± 15 V TA= 25°c unless otherwise indicated. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vos Input offset voltage TA=25°C 10 µV 

Vosrr Average temperature 
coefficient of input 

-25°C s TA s 85°C 0.3 µV/°C 

offset voltage 

19 Average input TA= 25°C 30 100 pA 
bias current -25°C s TA s 85°C 10 nA 

ios Average input TA= 25°C 50 100 pA 
offset current 

en Input voltage 0.1 to 1.0 Hz 0.2 µVp_p 
noise Rss 1oon 

en Input voltage 0.1 to 1 O Hz 0.8 µVp_p 
noise Rs s100Q 

CMRR Common-mode Vss vcMs v8-2v 120 140 dB 
rejection ratio 

CMVR Common-mode Vs Vs-2.0 v 
voltage range 

AoL Open-loop RL=10kQ 120 140 dB 
voltage gain Vo=±10V ' 

VouT Output voltage RL = 10 kQ Vs+1V Vs-1.2\1 v 
swing 

BW Closed-loop Closed-loop gain 0.5 MHz 
bandwidth =+1 

SR Slew rate RL = 10 kQ 0.5 V/µs 
CL= 50 pf 

PSRR Power supply Vs=±5Vto±15V 120 140 dB 
rejection rate 

Vs Operating supply (See note) ±3.5V ± 16V v 
voltage range 

Is Quiescent supply Vs=±15V 1.0 1.5 mA 

Note: Single supply operation: Vs~ +?to +32 V. 
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TSC76HV52 
Theory of Operation 

Figure 1 shows the major elements of the 
TSC76HV52. There are two amplifiers: the main 
(signal) amplifer and the nulling amplifier. Both have 
offset nulling capability. The main amplifier is always 
connected to the output. The nulling amplifier 
alternately samples and adjusts its own offset, and 
then the offset of the main amplifier. 

A two-phase operation nulls the main 
amplifier. During the first phase the A pair of 
switches closes, while the B switches open. The 
nulling amp's inputs are shorted and its output is fed 
back to the nulling input. Capacitor CA charges to a 
voltage which will maintain the nulling amp in its 
nulled state. 

During the second phase the B switches 
close and the A switches open. The nulling amp's 
inputs now sample the offset voltage of the main 
amp. The nulling amp drives the main amp's nulling 
input to cancel the main amplifier's offset voltage. 
Capacitor c9 stores the nulling voltage of the main 
amplifier while the nulling amp is being nulled on the 
next cycle. 

The TSC76HV52 design also incorporates an 
additional output buffer stage. The buffer provides a 
low impedance output traditionally associate~ ~ith 
bipolar op amps. Some CMOS chopper-stabilized 
amplifiers such as the 7650 have a high output 
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impedance which makes open-loop gain proportio~al 
to load resistance. The TSC76HV52 open-loop gain 
is not dependenton load resistance. 

Pin Compatibility 
Since the TSC76HV52 operates from the same 

±. 15 v power supplies as bipolar op amps, upgrading 
existing circuits is simple. The bipolar op amp's nulling 
and compensation components are removed and the 
TSC76HV52 nulling capacitors are added. 

On the 8-pin mini-DIP TSC76HV52 the external 
null storagae capacif()rs are connected to pins 1 and 
8. On most other ope~tional amplifiers these are 
either left open or used for offset potentiometer or 
compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, 
replacing the offset null pot between pins 1 and 8 with 
two capacitors from the pins to Vs will convert the . 
OP05/07 pin configuration for TSC76HV52 operation. 
The 7 41 is easily upgraded by removing the nulling pot 
between pin 4 and pins 1 and 5, then conecting 
capacitors from pin 4 to pins 1 and 8. For LM108 
devices the compensation capacitor is replaced by the 
external nulling capacitors. The LM101n48n49 
pinouts are modified similarly by also removing a~y . 
circuit conections to pin 5. On the TSC76HV52 pin 5 is 
the output clamp connection. Other operational 
amplifiers may use this pin as an offset or 
compenation point. 

Figure 1 : TSC76HV52 contains nulling and main amplifiers. Offset correction voltages 
are stored on two external capacitors. 

v-0-------.........,.--i 
ANALOG 
INPUT 

...,.... 
TSC76HV52 

B 

A 
Cs 

~ EXTERNAL 
A CAPACITORS 
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The minor modifications needed to retrofit a 
TSC76HV52 into existing sockets make prototyping 
and circuit evaluation straightforward. 

Nulling Capacitors 
The offset voltage correction capacitors are 

conected to CA and C9. The common capacitor 
connection is made to Vs (pin 4) on the 8-pin 
packages and to capacitor return (CR, pin 8) on the 
14-pin packages. The common connection should 
be made through either a separate PC trace or wire 
to avoid voltage drops. Internally, Vs is connected 
to CR· 

Component Selection 
The two required capacitors, CA and C9, 

have optimum values depending on the clock or 
chopping frequency. For the preset internal clock, 
the correct value is 0.1 µF. To maintain the same 
relationship between the chopping frequency and 
the nulling time constant, the capacitor values 
should be scaled in proportion to the external clock if 
used. High quality film-type capacitors such as 
mylar are preferred. Ceramic or other lower-grade 
capacitors may be suitable in some applications. 
For fast setting on initial turn-on, low dielectric 
absorprion capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 µV. Not 
recommended are 25 V ceramics. 

Figure 2: Nulling capacitor connection 

14 PIN PACKAGE 

(PIN 8 IS CONNECTED TO 
PIN 7 INTERNALL V) 

8 PIN PACKAGE 

TSC76HV52 
Clock Operation 

The internal oscillator is set for a 1,000 Hz 
nominal frequency on both the 8- and 14-pin dual-in
line packages. With the 14-pin DIP TSC76HV52, the 
250 Hz internal chopping frequency is available at 
the internal clock output (pin 12). A 1 ,000 Hz 
nominal signal will be present at the external clock 
input pin (pin 13) with INT/EXT high or open. This is 
the internal clock signal before a divide by four 
operation. 

The 14-pin DIP device can be driven by an 
external clock. The INT/EXT input (pin 14) has an 
internal pull-up and may be left open for internal 
clock operation. If an external clock is used, 
INT/EXT must be tied to Vs (pin 7) to disable the 
internal clock. The external clock signal is applied to 
the external clock input (pin 13). 

The external clock amplitude should swing 
between Vs and ground for power supplies up to±.6 V 
and between Vs and Vs - 6 V for higher supply 
voltages. When the external clock is generated by 
+ 5 V logic, capacitive coupling to pin 13 (through a 
0.1 µF capacitor) provides adequate drive. 

At low frequencies the external clock duty 
cycle is not critical since an internal divide by four 
gives the desired 50% switching duty cycle. The 
offset storage correction capacitors are charged 
only when the external clock input is high. A 50 to 
80% external clock positive duty cycle is desired for 
frequencies above 500 Hz to guarantee transients 
settle before the internal switches open. 

The external clock input can also be used as 
a strobe input. If a strobe signal is connected at the 
external clock input so that it is low during the time 
an overload signal is applied, neither capacitor wil be 
charged. This function can be used to prevent input 
transients from overloading the nulling circuitry. The 
leakage currents at the capacitor pins are very low, 
so offset voltage dirft during strobe operation is 
minimized. 

Output Clamp 
Chopper-stabilized systems can exhibit long 

recovery times from overloads. If the output is 
driven to either supply, output saturation occurs. 
The inputs are no longer held at virtual ground. The 
Vos null circuit treats the differential signal as an 
offset and tries to correct it by charging the external 
capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the repsonse time 
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TSC76HV52 
is lengthened by the long recovery time of the nulling 
amplifier and external capacitors. 

Through an external clamp connection, the 
TSC76HV52 eliminates the overload recovery 
problem by reducing the feedback network gain 
before the output voltage reaches either supply rail. 

The output clamp circuit is shown in Figure 3 
withn typical inverting and non-invertig circuit 
conections shown in Figures 4 and 5. For the clamp 
to be fully effective, the impedance across the 
clamp output should be greater than 100 kn. 

When the clamp is used, the clamp OFF 
leakage will add to input bias current However, 
clamp leakage in the OFF state is typically only 1 pA. 

Figure 3: Internal clamp circuit 

i ~~1~,",~~~LAMP BIAS~ v+ - VT~ v+ - 0.7V 

~ PCHANNEL ---
----0 OUTPUT 

CLAMP 
PIN 

N CHANNEL 

ERNAL 
ATIVE CLAMP BIAS"" v- + Vr 

""v- + 0.7 v 

~--.,.-------0 TSC915 
OUTPUT 
PIN 

Input Bias Current 
The TSC76HV52 inputs are never 

disconnected from the main internal amplifier. The 
null amplifier samples the input offset voltage and 
corrects DC errors and drift by storing compensating 
voltages on external capacitors. The sampling 
causes, however, charge transfer at the inputs. 

The impulse current is not usually a problem 
because the amount of charge transferred is very 
small. Care should be exercised, however, when 
replacing high input bias current bipolar op amps. 
Conventional design practice is to cancel bias 
current by matching the input impedances (Figure 
6A). the TSC76HV52 has an input bias current of 
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only 100 pA maximum so the additional resistor is 
not necessary. In fact, including the resistor will 
make the charge injection current, passing through 
the impedance balancing resistor, appear as a noise 
source. When replacing an existing op amp with the 
TSC76HV52, either omit the resistor or bypass it to 
ground with a capacitor (Figure 68). 

Figure 4: Non-inverting amplifier 
with optional clamp 

*CONNECT TO VS 
ON 8 PIN DIP 

R3 + {R1/R2);;;,, 100k!l 
FOR FULL CLAMP EFFECT 

0.1 µF 

Figure 5: Inverting amplifier 
with optional clamp 

VS WITH 8-PIN PACKAGE 0.1 µF 0.1 µF 
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Figure 6: Input bias curve cancellation 
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Gain and Phase 
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TSC76HV52 
Typical Characteristic Curves (continued) 
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Input Offset Voltage 
vs Clock Frequency 
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~'°'TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Companyr• TSC9420* 

TSC9421 
HIGH VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

FUNCTIONAL DIAGRAM 

INPUT 

OUTPUT 
CLAMP 
CIRCUIT 

Features 
• High-Voltage Operation ................ ±15V 
• Low Offset Voltage . . . . . . . . . . . . . . . 5 µV Max., 
• Low Offset Voltage Drift . . . . . . . . . . . . 0.1 µVl°C 
• Low Input Bias Current . . . . . . . . . . 30 pA Max. 
• High Open-Loop Voltage Gain . . . . . . . . 140 dB 
• Wide Common-Mode Voltage 

Range .......................... -15V to +13V 
• Low Input Voltage 

Noise (0.1 to 1 Hz) ................. 0.2 µV/P-P 
• Low Supply Current .. . . . .. . . . .. .. . . .. . . 1 mA 
• Single Supply Operation . . . . . . . . . . . 7 to 32 V 
• Output Clamp Speeds Overload Recovery Time 

A 

A' 

B' 

osc 

...,~ 
TSC942D 
TSC9421 

----OCA 

A' 

CA & C9 EXTERNAL CAPACITORS 

CA=Cs"'O.lµF 
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General Description 
The TSC9420/9421 is a high-voltage, high perc 

formance CMOS chopper-stabilized operational 
amplifier. The TSC9420/9421 can operate from the 
same ±15V power supplies as are commonly used to 
power bipolar op amps such as the OP07 and 741. 
Previous CMOS chopper amplifiers, such as the 7650, 
were limited to operating from ±7.5V supplies. 

The TSC9420/9421 maximum Vos·specification is 
only 5µV, almost a factor of 14 improvement over the 
industry standard OP07E. The maximum Vos drift of 0.1 
µV /°C is twelve times less than the OP07E. Input bias 
and offset currents, both only 30 pA maximum, are 
factors of 60 improvements. 

In addition to low initial offset errors, the nulling 
circuitry ensures excellent performance over time and 
temperature. Long term drift, which results in periodic 
recalibration, is effectively eliminated. The nulling cir
cuitry continues to operate over the full temperature 
range, whereas laser and "zener zap" trimming are only 
done at a single temperature. The result is a significant 
decrease in temperature-induced errors. 

The TSC9420/9421 operates from dual or single 
power supplies. Supply current is typically 1 mA with 
±15V supplies. Single supply operation extends from 
+7V to +32V, and the input common-mode range 
extends to V 5. For battery operation, see the low-power 
TSC900 data sheet. 

Open-loop gain is 120 dB minimum with a 1 O kn 
load. Unlike the 7650, the TSC9420/9421 gain is 
independent of load resistance. The low impedance 
output will drive a 1 Okn load to ±14V. An output clamp 
circuit is provided to minimize overload recovery time. 

The TSC9420/9421 uses two amplifiers to correct 
offset voltage errors. A main amplifier is always in the 
signal path, which prevents switching spikes at the 
output. A separate nulling amplifier alternately corrects 
its own Vos error and then the main amplifier's Vos error. 
Only two external capacitors are required, to store the 
nulling error voltages. All active nulling circuitry, including 
switches and oscillator, are included on the chip. 

The TSC9420/9421 are pin compatible with 
maxim's Max 420/421. · 

HIGH VOLTAGE AUTo;.zEROED 
OPERATIONAL AMPLIFIER . 

Ordering Information 
·Part No. Package Temp. Mlix. 

Range ·Vos 

TSC9420CPA 8-Pin o·c to +1o·c 10µV 
Plastic DIP 

TSC9420EJA 8-Pin -40°c tci +85°c 5µV 
CerDIP 

TSC9421CPD 14-Pin o·c to +1o•c ·· 10µV 
Plastic DIP . · 

TSC9421EJD 14Pin -40°c to +85°C 5µV 
CerDIP 

TSC9420EPA 8-Pin -40°C to +ss0c 5µV 
Plastic DIP 

TSC9421EPD 14-Pin ·· .. · ... -40°C to +85°C 5µV 
Plastic DIP 

Pin Configuration 

NC= NO INTERNAL CONNECTION 
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Absolute Maximum Ratings 
Total Supply Voltage Vt to Vs- ................ 36 V Operating Temperature Range 
Input voltage . . . . . . . . . . (Vt+ 0.3) to (Vs - 0.3) Volts 
Storage Temp. Range . . . . . . . . . . . . -55°C to +150°C 
Lead Temperature (soldering 10 sec) ........ 300°C 

C Device . . . . . . . . . . . . . . .. . . . . . . . . . . 0° to + 70°C 
E Device . . . . . . . . . . . . . . . .. . . . . . -40°C to +85°C 

Package Power Dissipation (TA = 25°C) 
Current into any pin . . . . . . . . . . . . . . . . . . . . . . . . 1 OmA CerDIP Package ................•..•.•.. 500 mW 

Plastic Package ......................... 375 mW 

Electrical Characteristics (V+ = 15V, v- = 15V, TA= 25°C. Test circuit unless noted.) 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

Vos Input Offset Voltage TA= +25°C c ±1 ±10 µV 
E ±1 ±5 _E_V 

Over Temperature c ±2 ±20 µV 
Range E ±2 ±10 µV 

"Vos Average Temperature Over Temperature E 0.02 0.1 µV!°C 

"'T Coefficient of Input Range 
Offset Voltage 

la Input Bias Current TA= +25°C c 10 100 pA 
E 10 30 pA 

Over Temperature c 30 pA 
Range E 35 pA 

los Input Offset Current TA= +25°C c 15 200 pA 
E 15 60 pA 

Over Temperature c 30 pA 
Range E 50 pA 

R1N Input Resistance 1012 n 

AvoL Large Signal Voltage Gain RL = 10k0, VouT = ±10V, TA= 25°C 120 150 dB 
Over Temperature Range 120 150 dB 

VouT Output Voltage Swing CLAMP not RL = 10k0 ±12 ±14.5 v 
connected RL = 100k0 ±14.95 v 

CMVR Common-Mode +12, -15 . +13,-15.1 v 
Voltage Range 

CMRR Common-Mode CMVR = +12V to -15V Over 120 140 dB 
Rejection Ratio Temperature Range 

PSRR Power Supply ±3V to ±16.5V Over 120 140 dB 
Rejection Ratio Temperature Range 

eNp-p Input Noise Voltage Rs= 1000, DC to 1 Hz 0.3 µVp-p 
(P-P value not exceeded DCto10Hz 1.1 µVp-p 
95%oftime) 
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TSC9420 
TSC9'421 

HIGH VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFllSR 

Electrical Characteristics (V+ = 15V, v- = 15V, TA = 25°C. Test circuit unless noted.) 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

IN Input Noise Current f = 10Hz 0.01 pAJv~ 

GBW Unity-Gain Bandwidth 500 kHz 

SR Slew Rate CL = 50pF, RL = 1 Okn 0.5 V/µS 

t, Rise Time 0.7 µs 

Overshoot 20 % 

v+, v- Operating Supply Range ±2.5 ±16.5 v 

Is Supply Current No Load, TA = 25°C t.3 2.0 mA 
Over Temperature Range 3.5 mA 

fch Internal Chopping Frequency Pins 12-14 Open TSC9421 250 Hz 

Clamp ON Current (Note 3) RL = 100kQ 25 100 µA 

Clamp OFF Current (Note 3) -10V ::5 Vour ::5 +10V 1 pA 

Offset Voltage vs Time 

Notes: 
1. Static Sensitive Device. oouseci devices should be med in conductive 

material. 
2. Stresses above those listed under "Absolute Maximum Ratings" may 

cause permanent damage11> the device. These are stress ratings only 

Theory of Operation 
Figure 1 shows the major elements of the 

TSC9420/9421. There are two amplifiers: the main 
(signal) amplifier and the nulling amplifier. Both of these 
have offset nulling capability. The main amplifier is 
always connected to the output. The nulling amplifier 
alternately samples and adjusts its own offset, and theri 
the offset of the main amplifier. 

A two-phase operation nulls the main amplifier. 
During the first phase the A pair of switches close, while 
the B switches open. Then nulling amp's inputs are 

ANALOG 
INPUT 

v' o------+--.----1 

..,... 
TSC9420 
TSC9421 

100 

and functional operation Of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is 
not implied. 

3. Single Supply Operation: V$ - + 7V to +32 V. 

nVl{nii.ii 

shorted and its output is fed back to the nulling input. 
Capacitor CA charges to a voltage which will maintain the 
nulling amp in its nulled state. 

During the second phase, the B switches close and 
the A switches open. The nulling amp's inputs now 
sample the offset voltage of the main amp. The nulling 
amp drives the main amp's nulling input to cancel the 
main amplifier's offset voltage. Capacitor Ca stores the 
nulling voltage of the main amplifier while the nulling amp 
is being nulled on the next cycle. 

Ce 

~ EXTERNAL 
A CAPACITORS 

Figure 1: TSC9420/9421 Contains a Nulling and Main Amplifier. Offset Correction Voltages are Stored on Two 
External Capacitors. 13-88 
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The TSC9420/9421 design also incorporates an 
additional output buffer stage. The buffer provides a low 
impedance output traditionally associated with bipolar 
op amps. Some CMOS chopper-stabilized amplifiers, 
such as the 7650, have a high output impedance which 
makes open-loop gain proportional to load resistance. 
The TSC9420/9421 open-loop gain is not dependent on 
load resistance. 

Pin Compatibility 
Since the TSC9420/9421 operates from the same 

±15V power supplies as do bipolar op amps, upgrading 
existing circuits is simple. The bipolar op amp's nulling 
and compensation components are removed, and the 
TSC9420/9421 nulling capacitors are added. 

On the 8-pin mini-DIP TSC9420 the external null 
storage capacitors are connected to pins 1 and 8. On 
most other operational amplifiers these are left open or 
are used for offset potentiometer or compensation 
capacitor connections. 

For OP05 and OP07 operational amplifiers, re
placing the offset null pot between pins 1 and 8 with two 
capacitors from the pins to CRET will convert the OP05/07 
pin configuration for TSC9420 operation. The 741 is 
easily upgraded by removing the nulling pot between pin 
4 and pins 1 and 5, then connecting capacitors from pin 4 
to pins 1 and 8. For LM108 devices the compensation 
capacitor is replaced by the external nulling capacitors. 
The LM101 /748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. 

The minor modifications needed to retrofit a 
TSC9420 into existing sockets make prototyping and 
circuit verification straightforward. 

14 PIN PACKAGE 

(PIN 8 IS CONNECTED TO 
P1N 7 INTERNALL V) 

vs 

CA Ce 
8 PIN PACKAGE 

Figure 2: Nulling Capacitor Connection 

Nulling Capacitors 

TSC9420 
TSC9421 

The offset voltage correction capacitors are con
nected to CA and Ca. The common capacitor connection 
is made to CRET {Pin 5) on the 8-pin packages and to 
capacitor return {CRET, Pin 8) on the 14-pin packages. 
The common connection should be made through either 
a separate pc trace or wire to avoid voltage drops. 

Internally Vs is connected to CRET· 

CA and Ca should be 0.1 µF film capacitors. Mylar 
capacitors are suitable. 

Component Selection 
The two required capacitors, CA and Ca, have 

optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct 
value is 0.1 µF. To maintain the same relationship 
between the chopping frequency and the nulling time 
constant, the capacitor values should be scaled in 
proportion to the external clock if used. High-qualityfilm
type capacitors such as mylar are preferred. Ceramic or 
other lower-grade capacitors may be suitable in some 
applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors {such as polypropylene) 
should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 µV. 

Clock Operation 
The internal oscillator is set for a 1000 Hz nominal 

frequency on both the 8 and 14-pin dual-in-line pack
ages. With the 14-pin DIP TSC9421, the 250 Hz internal 
frequency is available at the internal clock output {Pin 
12). A 1000 Hz nominal signal will be present at the 
external clock input pin (Pin 13) with INT /EXT high or 
open. This is the internal clock signal before a divide by 
four operation. 

The 14-pin DIP device can be driven by an external 
clock. The INT /EXT input (Pin 14) has an internal pull-up 
and may be left open for internal clock operation. If an 
external clock is used INT /EXT must be tied to Vs (Pin 7) 
to disable the internal clock. The external clock signal is 
applied to the external clock input (Pin 13). 

The external clock amplitude should swing between Vs 
and ground for power supplies up to ±6V and between 
Vs and Vs -6 v for higher supply voltages. When the 
external clock is generated by +5 V logic, capacitive 
coupling to Pin 13 (through a 0.1 µF capacitor) will 
provide adequate drive. 

At low frequencies the external clock duty cycle is 
not critical since an internal divide by four gives the 
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TSC9420 
TSC9421 
desired 50% switching duty cycle. The offset storage 
correction capacitors are chargedonly when the external 
clock input is high. A 50-80% external clock positive duty 
cycle is desired for frequencies above 500 Hz to 
guarantee transients settle before the internal switches 
open. 

The external clock input can also be used as a 
strobe input. If a strobe signal is connected at the 
external clock input so that it is low during the time an 
overload signal is applied, neither capacitor will be 
charged. This function can be used to prevent input 
transients from overloading the nulling circuitry. The 
leakage currents at the capacitor pins are very low, so 
offset voltage drill during strobe operation is minimized. 

Output Clamp 
Chopper-stabilized systems can show long recovery 

times from overloads. If the output is driven to either 
supply rail, output saturation occurs. The inputs are no 
longer held at a "virtual ground." The Vos null circuit 
treats the differential signal as an offset and tries to 
correct it by charging the external capacitors. The nulling 
circuit also saturates. Once the input signal returns to 
normal, the response time is lengthened by the long 
recovery time of the nulling amplifier and external 
capacitors. 

Through an external clamp connection, the 
TSC9421 eliminates the overload recovery problem by 
reducing the feedback network gain before the output 
voltage reaches either supply rail. 

The output clamp circuit is shown in Figure 3 with 
typical inverting and non-inverting circuit connections 
shown in Figure 4 and 5. For the clamp to .be fully 
effective, the impedance across the clamp output should 
be greater than 100 KO. 

When the clamp is used, the clamp "OFF" leakage 
will add to input bias current. However, clamp leakage in 
the "OFF" state is typically only 1 pA. 

ITIVE CLAMP BIAS"" v+ - VT"" v+ - 0.7V _LERNAL 

P CHANNEL 

----0 OUTPUT 

N CHANNEL 

ERNAL 

CLAMP 
PIN 

ATIVE CLAMP BIAS"" v- + Vr 
,,,,v-+0.7V 

~--------<> TSC9420ffSC9421 
OUTPUT 
PIN 

Figure 3: Internal Clamp Circuit 

HIGH VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 

0.1 µF 

R3 + !A1/R2) ~ 100kll 
FOR FULL CLAMP EFFECT 

""" TSC9420 
TSC9421 

R2 

R1 

Figure 4: Non-Inverting Amplifier with Optional 
Clamp 

R2 

0.1 µf 0.1 µF 

""" TSC9420 
TSC9421 

FOR FULL CLAMP EFFECT 

Figure 5: Inverting Amplifier with Optional Clamp 

Input Bias Current 
The TSC9420/9421 are never disconnected from 

the main internal amplifier. The null amplifier samples 
the input offset voltage and corrects DC errors and drill 
by storing compensating voltages on external capacitors. 
The sampling causes, however, charge transfer at the 
inputs. 

The impulse current is not usually a problem, 
because the amount of charge transferred is very small. 
Care should be exercised, however,· when replacing 
high input bias current bipolar op amps. Conventional 
design practice is to cancel bias current by matching the 
input impedances (Figure 6a). The TSC9420/9421 has 
an input bias current of only 100 pA maximum, so the 
additional resistor is not necessary. In fact, including the 
resistor will make the charge injection current, passing 
through the impedance balancing resistor, appear as a 
noise source. When replacing an existing op amp with 
the TSC9420/9421, either omit the resistor or bypass it 
to ground with a capacitor (Figure 6b). 
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+15 v 

\ 
BIAS CURRENT 
CANCELLATION RES!STOR -15 V 

OFFSET 
NULLING 

FREQUENCY 
COMPENSATION 

(a) High Input Bias Current Op Amp 

Figure 6: Input Bias Current Cancellation 

Latch-Up Avoidance 
Junction-isolated CMOS circuits inherently include 

a parasitic 4-layer (p-n-p-n) structure which has char
acteristics similar to an SCR. Under certain circum
stances this junction may be triggered into a low 
impedance state, resulting in excessive supply current. 
To avoid the condition, no voltage greater than 0.3 V 
beyond the supply rails should be applied to any pin. In 
general, the amplifier supplies must be established 
either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 

Static Protection 
All device pins are static-protected. Strong static 

fields and discharges should be avoided, however, as 

OMIT OR BYPASS 
RESISTOR WITH TSC915 

TSC9420 
TSC9421 

+15V 

-15 v 

.., ... 
TSC9420 

'. 0.1 µF 

OFFSET 
NULLING 

(b) Low Input Bias Current TSC9420 

they can degrade diode junction characteristics and 
increase input-leakage currents. 

Many companies are actively involved in providing 
services, educational materials, and supplies to aid 
electronic manufacturers in establishing "static safe" 
work areas where CMOS components are handled. A 
partial company listing is: 

•3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

Typical Characteristic Curves 

Supply Current 
vs ± Supply Voltage 

Input Offset Voltage vs 
Common-Mode Voltage 

Gain and Phase 
vs Frequency 
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HtGH VOLTAGE AUTO-.ZEROED 
OPERATIONAL AMPLIFIER 

Typical Characteristic Curves (Cont.) 
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., ... TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company"' 

TSC441 
TSC442 
TSC443 

µPROCESSOR COMPATIBLE CMOS ANALOG SWITCHES 

Timing Diagram 

ADDRESS VALID 

-•ww-~ 1-I ___ tosw-- ,...'o_Hw ___ _ 

\ / toHw: ·:&o n1 

tww' 290n1 

106w:·.21iOn1 

Pin Configuration (Switches Shown with An = O) 

FEATURES 
• Data Address Latch On-Chip 
• Transparent Latch with WR = 0 
• <250 nS Write Pulse Operation 
• Dual or Single Supply Operation 
• Low ros ON < 175 0 Max. (25°C) 
• 300 µA Supply Current 
• Analog Input Equal to Supply 
• 1 nA Analog Input Leakage Current 
• TTL/CMOS Compatible 
• Low Current Logic Input 
• Pin Compatible with DG201 & DG221 (TSC441) 

Truth Table (Switch State) 
AN WR TSC441 TSC442 TSC443 

0 0 Closed Open SW1, SW2 Open 
SW3, SW4 Closed 

0 Open Closed SW1, SW2 Closed 
SW3, SW4 Open 

x Maintain Previous State 
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TSC441 
TSC442 
TSC443 

µPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 

GENERAL DESCRIPTION Ordering Information (x = 1, 2 or 3) 

The TSC441, TSC442 and TSC443 are CMOS 
quad SPST analog switches with data address latches. 
The pin-out matches the "2011221 " analog switch 
configuration. Pin 12, which is not used on the 2011221, 
is the write WR input. The address latch is transparent 
when WR is tied low. 

This switch family features single or dual supply 
operation with analog input voltage range equal to the 
supply voltage. The CMOS design requires very low 
supply current. 

The TSC441 consists of four normally closed (Form 
B) contacts, the TSC442 has four normally open contacts 
(Form A) and the TSC443 has two normally open 
contacts and two normally closed contacts 

The TSC443 can be configured as two DPST (Form 
C) switches. 

Part No. 

TSC44xCPE 

TSC44xCOE ····· 

TSC44xlJE 

TSC44xMJE 

TSC44xY 

On Resistance vs. Input Voltage TA = 25°C 
250 

Vs~ ±2.SV 

~ ~ v I' 
200 

g: 
w 150 

~ 
c;; 
~ 100 

i5 

50 

0 
7.5 

1-----

5.0 2.5 0 

INPUT VOLTAGE (V) 

14-4 

-2.5 

Package Temp. Range 

16 Pin Oto70°C 
Plastic DIP 

16 Pin Oto70°C 
Plastic SO 

16 Pin -25 to 85 °C 
CerDIP 

16 Pin -55 to 125 °C 
CerDIP 

Chip 25 °C 

Vs~ ±5.0V 

~ 

v,-±1~ i-""" ~ 

-5.0 -7.5 



PRODUCT INFORMATION 

Absolute Maximum Ratings 

V?.to v; ............................. 1av 
V?, to ground . . . . • . . • . . . • . . • . . . • . • . . • . • 18V 
Vs to ground . . • . • . . • . . • . . . . . . • . • . . . . . -18V 
VsorVotoV?, •...••....•...•.....• OV,-18V 
Vs or Vo to Vs ....•.....•..••.....•. O V, 18V 
Vo1GITAL to ground . • . . . . . • . . . . . . . • . • . . Vs, v; 

Current* 
Any pin • . . . . . . . • . . • • . . . . • • . . . • • • 20 mA 
Sor D, peak (1 ns, 10% duty cycle) ..•.. 70 mA 

TSC441 
TSC442 
TSC443 

Storage temperature • . • . . . . . . . • . . . 65 to 150°C 
Operating temperature range 

CerDIP package (M) • • • . . . . • . . . -55 to 125°C 
CerDIP package (1) ••••••••••••• -25 to 85°C 
Plastic package (C) • . • . • • • . . . . . . . O to 70°C 

Package power dissipation (TA = 25°C) 
Plastic package (C) ....•..... 375 mW (1 & 2) 
CerDIP package (I & M) ....•.• 500 mW (1 & 3) 

•input voltages that exceed v; or Vs will be clamped by internal diodes. 
Limit current to maximum current ratings. (1) All pins soldered or 
welded to PC board. (2) Derate at 6.5 mW/°C. (3) Derate at 13mW/'C 
above 75'C. 

Electrical Characteristics v; = 5 v, v~ = -5 v, GND = o v unless otherwise indicated. 
-----

Symbol Parameter Test Conditions 25°C 0- 70°C - 25 - 85°C - 55-125°C 

Min Typ Max Min Max Min Max Min Max Unit 

Switches 

Vs, VD Analog input -5 5 -5 5 -5 5 -5 5 v 
signal range 

rDs ON Drain source VD= ±3.5 V, 95 175 230 230 250 Q 

ON switch on, 
resistance Is= 1 mA 

Is OFF Source off Vs± 4.5 V, 0.01 1 100 100 120 nA 
leakage Vo=+ 4.5V 
current Switch off 

!DOFF Drain off Vs± 4.5 V, 0.01 1 100 100 120 nA 
leakage Vo= +4.5V 
current Switch off 
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TSC441 
TSC442 
TSC443 

Electrical Characteristics (continued) 

Symbol Parameter Test Conditions 25°C 
Min Typ 

Switches (cont) 

IDON Drain ON V 0 = Vs = ± 4.5V 0.02 
leakage switch on 
current 

Digital 

VINH Input 1.5 
voltage (1) 

VINL Input 0.8 1.5 
voltage (0) 

llNH Input cur- VDIGITAL = 5 v 0.001 
rent with 
input volt-
age high 

llNL Input cur- VOIGITAL = 0 v 0.001 
rent with 
input volt-
age low 

--
Dynamic 

'ww Write pulse (See timing 
width diagram) 

losw Data set- (See timing 
uptime diagram) 

tOHW Data hold (See timing 
time diagram) 

ION Turn-on (See switch 250 
time time test 

circuit) 

µPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 

v; = 5 V, v; = -5 V, GND = 0 V unless otherwise indicated. 

0-70°C ·25· 85°C.' · 55 -125°C Unit 
Max Min Max Min Max Min Max 

1 200 200 230 nA 

2.4 2.4 2.4 2.4 v 

0.8 0.8 0.8 v 

1 10 10 12 µA 

1 10 10 12 µA 

250 325 325 375 nS 

250 325 325 375 nS 

50 50 50 50 nS 

500 65(1 650 750 nS 
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PRODUCT INFORMATION 

Electrical Characteristics (continued\ 

TSC441 
TSC442 
TSC443 

v; = 5V, Vs =-5V, GND = OV unless otherwise indicated. 

Symbol Parameter Test Conditions 25°C 0-70°C - 25- 85°C -55-125°(; Unit 
Min Typ Max Min Max Min Max Min Max 

Dynamic(cont) 

!OFF Turn-off (See switch 185 350 450 450 550 nS 
time time test circuit) 

QINJ Charge CL= 1 nF, 5 pC 
injection VGEN = 0 V, 

RGeN=OO 

CS OFF Source-off V0 =V8 =0V 8 pF 
capacitance Freq = 100 KHz 

CD OFF Drain-off V0 =V8 =0V 8 pF 
capacitance Freq = 100 KHz 

CCON Channel-on V0 =V8 =0V 23 pF 
capacitance Freq= 100 KHz 
(Except 
TSC444) 

DIRR Off isolation Freq = 100 KHz, 65 dB 
RL=10000 

CCRR Cross-talk Freq = 100 KHz, 70 dB 
rejection RL=10000 

Power Supply 

1+ 
s Positive VDIGITAL = 5 v 275 500 700 700 750 µA 

supply 
current 

-
1-
s Negative VOIGITAL = 5 v 0.01 10 10 10 12 µA 

supply 
current 

SupplyO~rating Range 

v;to v; 3 16 3 16 3 16 3 16 v 

v;toground 3 16 3 16 3 16 3 16 v 

14-7 
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TSC441 
TSC442 
TSC443 

µPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 

Electrical Characteristics v; = 5V, Vs= ov, GND = ov unless otherwise indicated. 

Symbol Parameter Test Conditions 25'C 0-70'C -25 • 85'C -55 • 125'C 
Min Typ .Max Min Max Min Max Min Max Unit 

Switches 

Vs, Vo Analog Input 0 5 0 5 0 5 0 5 v 
signal range 

ros ON Drain source 105 195 240 240 260 0 
ON switch on, 
resistance Is= 1mA 

lsOFF Source off Vs= 0.5 - 4.SV 0.01 1 100 100 120 nA 
leakage Vo= 4.5 - 0.5V 
current Switch off 

loOFF Drain off Vs= 0.5 - 4.5V 0.01 1 100 100 120 nA 
leakage Vo= 4.5 - 0.5V 
current Switch off 

Switches (cont) 
loON Drain ON Vo= Vs= 0.5 0.02 1 200 200 230 nA 

leakage to 4.5V 
current Switch off 

Typical Characteristics 

Crosstalk & Feedthrough vs Frequency 
-90 

00 
:2. 
I -BO 
'-' ::::> 
0 a: 
I ,_ 
0 -70 
LU 
LU 
LL 

;;;-
...J 

~ °t"!"l'-
-4o .__ _ __,_ _ _i__,__,_...J..._LJ._LJ..._ __ _,___.l._'--..JL.....J..._J,..._,_~ul"---:__:""'_...._L..__-..-=1-"""" -L....JL.....J...-'--JL...Ll 

<( 
-60 ,_ 

(f) 
(f) 

0 a: 
(.) 

-50 

~- ....... 
FEEDTHROUGH~l 'r!_ 

10KHz 100KHz 1MHz 10MHz 
FREQUENCY 
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PRODUCT INFORMATION TSC441 
TSC442 
TSC443 

~~~~~~~~~~~~~~~~~~-

g: 
w 
() 
z 
~ 
rn 
iii w 
a: 
z 
0 

On Resistance vs. Temperature 
1sor----.----,r---,-----,---~--.-----ir----r---~ 

-
12 0 

10 0 

~ 
80~--:±.__..---:r:i..--------+----+---+---1---l-----1---1 
~ 

60~~--:;.;-~~~~~~~~~~~-1:~~-1~~_J~~~L_~__J 
-55 35 15 5 25 45 65 105 125 85 

TEMPERATURE {0 C) 

Turn On/Turn Off Time vs. Temperature 
4oor-----r---i-----ir----=-__:_:_r-=--.-----.---,,.----~-~ 

-----

VsuPPLv = ±5 Volts 
Vo,s = 0 Volts 

VsuPPLv = ±5 Volts 
"'9----+----l---__J Vo,s = 0 Volts 

150 ~-5s5--"-3~5:----:::_1~5---~5---~25;----~45~--~el5 ___ 8is ___ 1lo5 ___ 1_J25 

TEMPERATURE (°C) 
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TSC441 
TSC442 
TSC443 

WR Switching Time Test Circuit 

LOGIC INPUT 
t1<20ns 
tt<20ns 

IN LOGIC "O" SW ON 

Charge Injection Test Circuit 

RGEN Sx 

VGEN 

± 
WR 

Off Isolation Test Circuit 

+5V 

-5V 

C=0.1 µF 

14-10 

µPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 

+5V 

V

-51/ 

SWITCH 
OUTPUT 

(REPEAT TEST FOR A, A, and A,) 

Channel to Channel Cross Talk Circuit 

+5V 

C=0.1µF CCRR=20LOG 



~'°"TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 

TSC444 
TSC445 
TSC446 
TSC447 

MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 

FEATURES 
• Data address latch on chip 
• Low-power CMOS 
• 250 ns write 
• Transparent latch with WR = O 
• Less than 250 ns write pulse operation 
• Less than 50 ns address hold time 
• Dual or single supply operation 
• r0s0N < 175 Q maximum (25°C) 
• 1 nA analog input leakage current 
• Analog input equal to supply 
• TIL/CMOScompatible 
• Lowcurrentlogicinput 
• Pin compatible with AD7590 series 

Truth Table (Switch State) TSC444 Truth Table (Switch State) 

A.. WR TSC444 
TSC445/446/447 

DISABLE 

0 x x All switches open AN WR TSC445 TSC446 TSC447 

0 0 S2 to OUT1 closed 0 0 Open Closed 8w1 , 8w4 open 

84 to OUT2 closed 
8w2, 8w3 closed 

0 81 to OUT1 closed 0 Closed Open 8w1 , 8w4 closed 

S3 to OUT2 closed 
Sw2, 8w3 open · 

x Maintain previous x Maintain previous state 

state X =Don't Care 

Pin Configurations 

'"'f"TSC444 '"'f"TSC445 .,f"TSC446 '"'f"TSC447 

• Internally Pulled High 

(All switches shown with AN = OJ 
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TSC444 
TSC445 
TSC446 
TSC447 

-------~· 

GENERAL DESCRIPTION 
The TSC444, TSC445, TSC446 and TSC447 

are a family of CMOS analog switches that offer low on
resistance at low supply voltages. Each provides for 
either transparent (non-latched) or latched address, 
making them ideal for microprocessor interface appli
cations. 

This switch family features single or dual sup
ply operation with analog input range equal to the sup
ply voltages. The CMOS design requires very low 
supply current. 

The TSC444 is configured as two single-pole, 
3-position switches. Either switch can be independ
ently selected (transparent or latched) for its own A or 
B position. (See .TSC444 Switch Circuit) 

Also, both switches are put in the C position 
(both open) by pulling the DISABLE input low. These 
variou~ switch positions can be latched by using the 
WRITE (WR) input. This switch is especially useful in 
multi-path operations that require complete isolation. 

The TSC445 is configured as four indepen
dent normally open switches. The WRITE input (WR) 
can be used to latch the switches in any selected mode 
or it may be held low for transparent operation. 

The TSC446 has exactly the same features as 
the TSC445 except that the switches are normally 
closed. 

The TSC447 provides two normally open and 
two normally closed switches. The operation is the 
same as that for the TSC445 and TSC446. 

The TSC444 is pin compatible with the AD 7592. 
The TSC445/446 is pin compatible with the AD 
7590/ AD7591. 

TSC444 Switch Circuit 

''A''---o ;f 
I 

··c··~ 
\ 

''B'' ---o ' 

Both switcfles may be latched in the off state by pulling 
WRITE {WR} high when DISABLE is low. 

NEW PRODUCT INFORMATION 

ORDERING INFORMATION 

Part No. Package Temp Range 

TSC444 
TSC444CPD 14-pin o to 70°C 

Plastic DIP 
TSC444COD 14-pin o to 70°C 

Plastic SO 
TSC4441JD 14-pin - 25 to 85°C 

CerDIP 
TSC444MJD 14-pin - 55to125°C 

CerDIP 
TSC444Y Chip 25°C 

Part No. Package Temp Range 

TSC445/446/447 

TSC44XCPE 16-pin 0 to 70°C 
Plastic DIP 

TSC44XCOE 16-pin o to 70°C 
Plastic SO 

TSC44XIJE 16-pin -25 to 85°C 
CerDIP 

TSC44XMJE 16-pin -55 to 125°C 
CerDIP 

TSC44XY Chip 25°C 

X=5,6,or7 
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ANALOG SWITCHES 

Absolute Maximum Ratings 

v;to v; ............................... 18 v 
v;to ground ........................... 18 v 
V~ to ground . . . . . . . . . . . . . . . . . . . . . . ... - 18V 
Vs or VD to v; ..................... o V, - 18V 
vs or VD to v~ ..................... o V, 18 v 
V DIGITAL tO ground ....................... V~, V; 

Current* 
Any pin .......................... 20 mA 
Sor D, peak (1 ns, 10% duty cycle) ... 70 mA 

TSC444 
TSC445 
TSC446 
TSC447 

Storage temperature. . . . . . . . . . . . - 65to150°C 
Operating temperature range 

CerDIP package (M)....... . . - 55 to 125°C 
CerDIP package (I) ........... - 25 to 85°C 
Plastic package (C) .............. 0 to 70°C 

Package power dissipation (TA= 25°C) 
Plastic package (C) ......... 375 mW (1 & 2) 
CerDIP package (I & M) ..... 500 mW (1 & 3) 

• Input voltages that exceed v; or v: will be clamped by internal 
diodes. Limit current to maximum current ratings. (1) All pins 
soldered or welded to PC board. (2) Derate at 6.5 mW/°C. (3) Derate 
at 13 mW/°C above 75°C. 

Electrical Characteristics v~ = 5V, Vs= ov, GND = ov unless otherwise indicated. 

Symbol Parameter Test Conditions 25°C o-10°c -25. 85°C -55 · 125°C 
Min Typ Max Min Max Min Max Min Max Unit 

Switches 

Vs, Vo Analog Input 0 5 0 5 0 5 0 5 v 
signal range 

ros ON Drain source 105 195 240 240 260 0 
ON switch on, 
resistance Is= 1mA 

ls OFF Source off Vs= 0.5 - 4.5V 0.01 1 100 100 120 nA 
leakage Vo= 4.5 - 0.5V 
current Switch off 

loOFF Drain off Vs= 0.5 - 4.5V 0.01 1 100 100 120 nA 
leakage Vo= 4.5 - 0.5V 
current Switch off 

loON Drain ON Vo= Vs= 0.5 0.02 1 200 200 230 nA 
leakage to4.5V 
current Switch off 

Electrical Characteristics v; = 5 v, v~ = -5 v, GND = o v unless otherwise indicated. 

Symbol Parameter Test Conditions 25°C o -70°C • 25. 85°C - 55 -125°C 

Min Typ Max Min Max Min Max Min Max Unit 

Switches 

Vs, VD Analog input -5 5 -5 5 -5 5 -5 5 v 
signal range 

rDS ON Drain source VD= ±3.5 V, 95 175 230 230 250 0 
ON switch on, 
resistance 15 = 1 mA 

ISOFF Source off Vs±4.5V, 0.01 1 100 100 120 nA 
leakage Vo=+ 4.5V 
current Switch off 

IDOFF Drain off Vs± 4.5 V, 0.01 1 100 100 120 nA 
leakage Vo=+ 4.5V 

.Switch off current 14-13 

m 



TSC444 
TSC445 
TSC446 
TSC447 

Electrical Characteristics (continued) 

Symbol Parameter Test Conditions 25°C 
Min Typ 

Switches (cont) 

IDON Drain ON V0 =V8 = ±4.5V 0.02 
leakage switch on 
current 

Digital 

VINH Input 1.5 
voltage (1) 

VINL Input 0.8 1.5 
voltage (0) 

llNH Input cur- VDIGITAL = 5 v 0.001 
rent with 
input volt-
age high 

llNL Input cur- v DIGITAL = 0 v 0.001 
rent with 
input volt-
age low 

---
VINH DISABLE v DIGITAL = 5 v 0.1 

input 
(TSC444) 

---
VINL DISABLE v DIGITAL= 0 v 5 

input 
(TSC444) 

Dynamic 

lww Write pulse (See timing 
width diagram) 

lDsw Data set- (See timing 
uptime diagram) 

jDHW Data hold (See timing 
time diagram) 

ION Turn-on (See switch 250 
time time test 

circuit) 

NEW PRODUCT INFORMATION 

v; = 5 V, V$ = -5 V, GND = 0 V unless otherwise indicated. 

o- 70°C - 25- 85°C - 55-125°C Unit 
Max Min Max Min Max Min Max 

1 200 200 230 nA 

2.4 2.4 2.4 2.4 v 

0.8 0.8 0.8 v 

1 10 10 12 µA 

1 10 10 12 µA 

10 15 15 17 µA 

10 15 15 15 µA 

250 325 325 375 nS 

250 325 325 375 nS 

50 50 50 50 nS 

500 650 650 750 nS 
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ANALOG SWITCHES TSC444 
TSC445 
TSC446 
TSC447 

Electrical Characteristics (continued) v; = 5 v, v; = -5 v, GND = o v unless otherwise indicated. 

Symbol Parameter Test Conditions 25°C 0-70°C - 25- 85°C - 55·125°C Unit 
Min Typ Max Min Max Min Max Min Max 

Dynamic (cont) 

tOFF Turn-off (See switch 185 350 450 450 550 nS 
time time test circuit) 

QINJ Charge CL= 1 nF, 5 pC 
injection VGEN = OV, 

RGEN=OO 

c.oFF Source-off V0 =V5 =0V 8 pF 
capacitance Freq= 100 KHz 

CD OFF Drain-off V0 =V5 =0V 8 pF 
capacitance Freq= 100 KHz 

CCON Channel-on V0 =V5 =0V 23 pF 
capacitance Freq= 100 KHz 
(Except 
TSC444) 

CCON Channel-on V0 =V5 =0V 30 pF 
capacitance Freq= 100 KHz 
(TSC444 
only) 

DIRR Off isolation Freq = 1 00 KHz, 65 dB 
RL=10000 

CCRR Cross-talk Freq = 1 00 KHz, 70 dB 
rejection RL = 1000 n 

Power Supply 

I+ 
s Positive v DIGITAL = 5 v 275 500 700 700 750 µA 

supply 
current 

,-
s Negative VDIGITAL = 5 v 0.01 10 10 10 12 µA 

supply 
current 

Supply Operating Range 

v;to v; 3 16 3 16 3 16 3 16 v 
v;to ground 3 16 3 16 3 16 3 16 v 
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TSC444 
TSC445 
TSC446 
TSC447 

ANALOG SWITCHES 

~~~~~~~~~~~~~~~~~~~~~~~~-'-~~~~~~~~~~-

Switching Time Test Circuit 

LOGIC 
INPUT 

Vo---1-....11 

Charge Injection Test Circuit 

Timing Diagram 

OIRR • 20 log ~ 
Vo 

ANALYZER 

tOFF 

-5V 

5V 

WR 
~0.1µF SWITCH 

INPUT s, 
Vs Vo 

R c 
LOGIC 5000 

INPUT 

_fl_ 
-5V 

'=' ov 

T 1000pF ~ {(; 
\7 ON ~ON 
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O=C•V OFF 

CCRR Channel-to-Channel Crosstalk Test 

v., 
Vo2 

C=0.1µF. 

,.....--,,..,...--f.i~-...,__~o--f---ONC 

ANALYZER -sv 



ANALOG SWITCHES 

Typical Characteristics 

On Resistance vs. Temperature 

-55 -35 -15 25 45 65 85 105 125 

TEMPERATURE {'C) 

Turn On/Turn Off Time vs. Temperature 

150._~~-'-~~~~~~~~~~~~~~~~~-!'-~~--:-=-~~---,---~-:-::= 
-55 -35 -15 25 45 65 85 105 125 

TEMPERATURE i'C) 
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TSC444 
TSC445 
TSC446 
TSC447 

VsuPPLv = ±5 Volts 
Vo,s = 0 Volts 

VsuPPLv = ±5 Volts 
Vo,s = 0 Volts 
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TSC444 
TSC445 
TSC446 
TSC447 

ANALOG SWITCHES 

Crosstalk & Feedthrough vs Frequency (TA = 25°C) 
-9o T 

~. 
~ o""""-'-~ ~ -Bf9'~~::-'i-;:--f----f---f-t-t-1r-H--'---+---l--+-+-+--.J-1.-t-J----l---l---l--l--l-l.!-lJ 
~ ~~'I 
~ -10 I ~--.,. _.. 

~ ""I~ 3 r--~i- ...._ • _<;AOSSTALK 

~ -soi------t--t----f---f-t~1~~-r91-1~·~--!lioo..-.\---f-+-+-1f-++t~--l-----l--l--l--J.-l-ilJ 
5 FEEDTH~N' ' 

-5o """ I~~ 
~~ ~ ............ 

-4o ioi0;;-----1.--L--1.--1.-L-LJ~oo:;:;--1.-L_l__l___L_Ll+.f'............._~!!!lllo..L~..._~1!!!!!1 -LU~W 
10KHz 100KH 1MHz 10MHz 

25 0 

20 0 

g: 
w 150 

~ 
ffl a: 100 
z 
0 

50 

0 

FREQUENCY 

On Resistance vs. Input Voltage (TA = 25"C) 

t--~ 
,,........... 

7.5 5.0 2.5 0 

INPUT VOLTAGE (V) 
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Vs• ±5.0V 
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Vs•±7.5V-........ -.... 
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..,i'°' TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company"" 

TSC4201 
TSC4202 
TSC4203 

QUAD SINGLE POLE CMOS ANALOG SWITCHES 

FEATURES 
• ros ON < 1750 Max. (25°C) 
• 1 nA Analog Input Leakage Current 
• Analog Input Equal to Supply 
• 300 µA Supply Current 
• Low Current Logic Input 

• 
• Pin Compatible with DG201 (4201) 

Truth Table 

LT I 
TSC4201 TSC4202 TSC4203 

SW1-4 SW1-4 SW1 SW2 SW3 SW4 

CLOSED OPEN OPEN l OPEN l CLOSED J CLOSED 

OPEN CLOSED CLOSED l CLOSED l OPEN J OPEN 

Pin Configuration 

..,.,.TSC4201 ..,.,.TSC4202 ..,.,.. TSC4203 
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TSC4201 
TSC4202 
TSC4203 
General Description 

The TSC4201 , TSC4202 and TSC4203 are a family 
of CMOS quad analog switches specifically designed for 
low supply voltage applications. Great care and attention 
was paid to reducing crosstalk and feedthrough while 
maintaining uniform "on" resistance at supply voltages 
as low as ±1.5V. This also resulted in extremely low 
charge transfer during switching, typically 5pC as 
compared to the 30pC of other similar devices. 

Charge transfer is an extremely important con
side.ration in the design of sample & hold circuits, low 
level analog signal switching and when interfacing to 
high input impedances such as those presented by AID 
converters. 

This switch family, offering four independent single
pole, single-throw (SPST) circuits, features single or dual 
supply operation with analog input voltage range equal 
to the supply voltage. The CMOS design requires very 
low supply current. 

TSC4201: The TSC4201 consists of four normally 
closed (Form B) contacts. 

TSC4202: The TSC4202 consists of four normally 
open (Form A) contacts. 

TSC4203: The TSC4203 combines two Form A 
contacts with two Form B contacts. This combination 
may be configured as two Form C (SPDT) circuits. 

QUAD SINGLE POLE CMOS 
ANALOG SWITCHES 

Ordering Information (x = 1.~~-~--
Part No. Package Temp. Range 
TSC420 x CPE 16 Pin o to70°C 

Plastic DIP 

TSC420x COE 16 Pin o to 70°C 
Plastic SO 

TSC420 x IJE 16 Pin -25 to 85°C 
Ceramic DIP 

TSC420x MJE 16 Pin -55 to 125°C 
Ceramic DIP 

-·-------------------
TSC420 x Y Chip 25°C 

Electrical Characteristics Vs• SV, Vs= OV, GND = OV unless otherwise indicated. 

Symbol Parameter Test Conditions 25'C 0·70'C ·25 • 85'C ·55 • 125'C 
Min Typ Max Min Max Min Max Min Max Unit 

Switches 

Vs, Vo Analog Input 0 5 0 5 0 5 0 5 v 
signal range 

rosON Drain source 105 195 240 240 260 0 
ON switch on, 
resistance Is= 1mA 

lsOFF Source off Vs = 0.5 - 4.5V O.D1 1 100 100 120 nA 
leakage Vo= 4.5 - 0.5V 
current Switch off 

loOFF Drain off Vs= 0.5 - 4.5V O.D1 1 100 100 120 nA 
leakage Vo = 4.5 - 0.5V 
current Switch off 

lo ON Drain ON Vo• Vs= 0.5 0.02 1 200 200 230 nA 
leakage to 4.5V 
current Switch off 
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NEW PRODUCT INFORMATION 

Absolute Maximum Ratings 
v;to Vs ............................. 1av 
v; to Ground . • . . . • . • . . • • . • . • • • . • • • . . . 18V 
Vs to Ground . . . . . . . . . . . . . . . . . • • . • . • . -1 BV 
Vs or Voto Vs .•.•...•••.•......... 0Vto18V 
Vs or Vo to Vs+ ..•...•............ OV to -18V 
Vo1GJTAL to Ground . . . • . • • . . • . . . . • • • • . . Vs, v; 

Current* 
Any Pin . . . • • • . . . . • • . . • • . . . • . . . . • • . 20mA 
Sor D, Peak (1 mSec, 10% duty cycle) •.•. 70mA 

TSC4201 
TSC4202 
TSC4203 

Storage Temperature •...•...•..... -65 to 150°C 
Operating Temperature 

CerDIP Package (M) • . • . . . • • . • . . -55 to 125°C 
CerDIP Package (I) ........•....• -25 to 85°C 
Plastic Package (C) . . • • • • • • • . • . • • • o to 70°C 

Power Dissipation (Package) 
16 Pin Plastic DIP •.•....•.... 375 mW (1 & 2) 
16 Pin Ceramic CerDIP •....... 500 mW (1 & 3) 

•input voltages which exceed Vs or Vs will be clamped by internal 
diodes. Limit current to maximum current ratings. 
1) All pins soldered or welded to PC board. 
2) Derate @6.5mW/'C above 75°C. 
3) Derate@ 13mW/°C above 75°C. 

Electrical Characteristics (unless otherwise specified, v; = 5V, Vs= -5V, GND = OV) 

Symbol Parameter Test Conditions 25°C o-10°c -25 - 85°C -55 -125'C 
Min Typ Max Min Max Min Max Min Max Unit 

Switches 

Vs, Vo Analog Input -5 5 -5 5 -5 5 -5 5 Volts 
Signal Range 

ros ON Drain-Source Vo=± 3.5V, 95 175 230 230 250 n 
ON Switch ON 
Resistance Is= 1mA 

ls OFF Source OFF Vs=± 4.5, Vo= .01 1 100 100 120 nA 
Leakage -/+4.5, Switch OFF 
Current 

loOFF Drain OFF Vs=± 4.5,Vo = .01 1 100 100 120 nA 
Leakage -/+4.5, Switch OFF 
Current 

lo ON Drain ON Vo= Vs= ±4.5V, .02 1 200 200 230 nA 
Leakage Switch ON 
Current 

Digital 

V1N HIGH Input Voltage (1) 1.5 2.4 2.4 2.4 2.4 Volts 
V1N LOW Input Voltage (0) 0.8 1.5 0.8 0.8 0.8 Volts 

Input Current 
llN HIGH w/lnput V1N = 5V .001 1 10 10 12 µA 

Voltage High 
l1NLOW w/lnput V1N = OV .001 1 10 10 12 µA 

Voltage Low 

Dynamic 

toN Turn-On Time (See Switch Time 250 500 650 650 750 ns 
test circuit) 

to FF Turn-Off Time (See Switch Time 185 350 450 450 550 ns 
test circuit) 

01NJ Charge CL= 1 nF, 5 - - - pC 
Injection VGEN = OV 

RsEN =00 

14-21 



TSC4201 
TSC4202 
TSC4203 

QUAD SINGLE POLE CMOS 
ANALOG SWITCHES 

Symbol Parameter Test Conditions 

Dynamic 

Cs OFF Source-Off Vo= Vs= OV, 
Capacitance Freq= 100 KHz 

Co OFF Drain-Off Vo= Vs= OV, 
Capacitance Freq= 100 KHz 

Cc ON Channel-On Vo= Vs= OV, 
Capacitance Freq = 100. KHz 

OIRR Off Isolation Freq = 100 KHz, 
Re= 10000 

CCRR Cross-Talk Freq = 100 KHz, 
Rejection Re= 10000 

Power Supply 

1; Positive Supply V1N = 5V 
Current 

1; Negative Supply V1N = 5V 
Supply 
Operating 
Range 
v;to Vs 
v; to Ground 

Switching Time Test Circuit 

A, 

LOGIC INPUT 
t, < 20ns 
tF<20ns 

SWITCH v 
INPUT s 

SWITCH Vo 
OUTPUT 

IN LOGIC "O" SW ON 

50% 

0.9Vo 

tON 

25'C 
Min Typ 

8 

8 

23 

65 

85 

275 

:01 

3 
3 

0-70'C 
Max 

500 

10 

16 
16 

Min 

-

-

3 
3 

LOGIC 
INPUT 

SWITCH 

Max 

-
-
-

700 

10 

16 
16 

lS 

-25 - 85'C -55 - 125'C 
Min Max Min Max 

- -

- -

- -

- -

- -

700 750 

10 12 

3 16 3 16 
3 16 3 16 

+5V 

INPUT -= _ _..W;,;,R;....--..i..-'I 

s. 

0.9 Vo LOGIC 
INPUT 

_rLr V

·SV 

Unit 

pF 

pF 

pF 

dB 

dB 

µA 

µA 

Volts 
Volts 

SWITCH 
OUTPUT 

(REPEAT TEST FOR A, A, and A,) 

Charge Injection Test Circuit 

LW 

-R""G"'-•N.....__s.;;.''""' _o_,_. _ _,v, Vo~ 
VaEN ..:., ICL = 1 OOOpF . f 

~ ~ 
WRA,.,,. '~ 

u 
o~cL>v 
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NEW PRODUCT INFORMATION 

Typical Characteristics 

TSC4201 
TSC4202 
TSC4203 

Crosstalk & Feedthrough vs Frequency (TA= 25°C) 
-9or----.--------,--..---..-,r-r--r-...--r--~....--.-------.--.-.,-,r-r-......-----.--....---,---,---r--.---.~ 

ill 
~ 
I 
CJ 
:::> 
0 
er 
I 
f-
0 
w 
w 
"-

"' _J 

"' f-

"' "' 0 
er 
0 

-80 

-70 

-60 

-50 

~1...,. 
~ i._,.. ...... ~OSSTALK 

!"....._ --- ' FEEDTHROUGH~I ""{_ 

FREQUENCY 

On Resistance vs. Input Voltage (TA = 25°C) 
250 

200 

£ 
~ 150 
z 
~ 
"' Vi 
:Ji 100 
z 
0 

50 

0 
7.5 

1..........-

5.0 

·----

~ v 

2.5 0 

INPUT VOLTAGE (VJ 
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Vs= -±2.5V 

~ 
" 

-2.5 

10MHz 

Vs= ±5.0V 

--
Vs -175~ i-"" -

-5.0 -7.5 

m 



TSC4201 
TSC4202 
TSC4203 

QUADS~GLEPOLECMOS 
ANALOG SWITCHES 

Typical Characteristics 
On Resistance vs. Temperature 

160 

g: -----UJ 120L--!.-_ __j~--+----t---+v--+~-~.f"ll!==---t---J 

1001--~~+-~~-l-~~~v~~~.l--""'f-::. ........ ~~+--~~t-~~t-~~-r~~-

801--~~+-::;;;IO----~~~=-~+-~~-+-~~-t~~----ir-~~t-~~-i-~~-; 
~ 

TEMPERATURE (0 C) 

Turn On/Turn Off Time vs. Temperature 
400 

------150L_~~_i_~~_JL_~~--!-~~--;;1;,--~~~~~-;f;~~~8~5~~--;t.10~5~~~125 -55 -35 -15 25 45 65 
TEMPERATURE ('C) 
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VsuPPLv = ±5 Volts 
Vo,s = 0 Volts 



NEW PRODUCT INFORMATION 

Off Isolation Test Circuit 

+SV 

-SV 

Bonding Diagram 

S2 

I 
D2--

A2--

A3--

o, S3 

TSC4201 
TSC4202 
TSC4203 

Channel to Channel Cross Talk Circuit 

+SV 

77 mil 

GND Vs s, 

I I j 

:i 1 

66mil 

--A• 

I 

~ 
I v; s. 
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~""TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing CompanyT• 

TSC232* ---------------------------------
0 UAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 

FUNCTIONAL DIAGRAM 

22µF C1 

22µF C2 

+SV 

TTL/CMOS { INPUTS 

11 

10 

TTL/CMOS { OUTPUTS 

12 

FEATURES 
• Meets all RS-232C Specifications 
• Operates from Single SV Power Supply 
• 2 Drivers and 2 Receivers 
• Onboard Voltage Quadrupler 
• ±30V Input Levels 
• ±9V Output Swing with +SV Supply 
• Low Power CMOS: SmA 

+SV INPUT 

16 

+SVTO +10V 
VOLTAGE DOUBLER 

+10V T0-10V 
VOLTAGE INVERTER 

+10V 

6 -10V .:I:. 22µF 

3k0 

~>-------+-14---- ~~-232 OUTPUT 

~f------f-'---• =~~232 OUTPUT 

15 

15-3 
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DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 

GENERAL DESCRIPTION 
The TSC232 from Teledyne Semiconductor is a 

dual RS-232 transmitter/receiver that complies with EIA 
RS-232C guidelines and is ideal for all RS-232C 
communication links. This device has a 5V power supply 
and two charge pump voltage converters that produce 
+ 1 OV /-1 OV power supplies. 

The TSC232 has four level translators. Two are 
RS-232 transmitters that convert TTL/CMOS input levels 
to 9V RS-232 outputs. The other two translators are 
RS-232 receivers that convert RS-232 inputs to 5V 
TTL/CMOS output levels. The receivers have a nominal 
threshold of 1.3V, a typical hysteresis of 0.5y, and can 
operate with up to ±30V inputs. 

Applications 
The TSC232 is ideal for all RS-232C communication 

links: Battery-Powered Systems, Computers, Instru
ments, Modems, and Peripherals. It can run without the 
12V power supplies other RS-232 devices require. The 
TSC232 power supply can serve as a quadrupler for 
input voltage up to 5.5V. 

Pin Configurations 

CPE 
IJE 
MJE C1+ 

'Patent Pending 1988 

Vee 

GND 

T1our 

A11N 

R1our 
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Ordering Information 

Temperature 
Part No. Package Range 

TSC232 CPE 16 Pin Plastic 0°C to 70°C 

TSC232 CJE 16 Pin CERDIP 0°C to 70°C 

TSC232 IJE 16 Pin CERDIP -25°C to 85°C 

TSC232 EPE 16 Pin Plastic -40°C to 85°C 

TSC232 IPE 16 Pin Plastic -25°C to 85°C 

TSC232 EJE 16 Pin CERDIP -40°C to 85°C 

TSC232 COE 16 Pin "SO" 0°C to 70°C 

TSC232 EOE 16 Pin "SO" -40°C to 85°C 

TSC232 MJE 16 Pin CERDIP -55°C to 125°C 

TSC232CY DIE 2s0c 

COE 



PRODUCT INFORMATION 

Absolute Maximum Ratings 
Vee ••••.••..••.••.••.••••••••••.••••• 6V 
v• .•..•..••.•.•••••.••••.•..••.•...• 12V 
v- ••.••••...•.••...•.•••.•..••....•• 12V 
Input Voltages 

T11N, T21N • • • • • • • • • • • • • • . • -0.3 to (Vee+ 0.3V) 
R1 IN, R21N • • • . • • • • • • • • • • • • • • . . . • . • • ±30V 

Output Voltages 
T1 ouT, T2ouT . . . • . • • • • . (V+ + 0.3V) to (V--0.3V) 
R1 ouT, R2ouT • • • . • • • • • • . . -0.3V to (Vee+ 0.3V) 

Short Circuit Duration 
v• • • • • • • • • • • • • • • • • • • • • • • • • • • 30 seconds 
v- • • • . • . • • • • . . . • • • • • • • • • • • • • 30 seconds 
T1 ouT, T2ouT • • • . • • • • • • • . • • • . • . • continuous 

Power Dissipation 
CERDIP • • • • • • • • . • • • • . • • • • . • • • • • 675mW 

derate 9.5mW!°C above 70°C 
Plastic DIP • • • . . • . . • • • . • . • • . • • . . • • 375mW 

derate 7mW/°C above 10°c 
Small Outline (SO) • . • • • • . • . • • • . • • • • 375mW 

derate 7mW/°C above 70°C 

Electrical Characteristics: (Vee= 5V±10%, TA= operating temperature range, test circuit unless otherwise 
noted). 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

Output Voltage Swing T1 ouT, T2ouT loaded with ±5V ±9 ±10 v 
3k0 to ground. 

Power Supply Current 5 10 mA 

Input Logic Threshold Low T1N, T21N 0.8 v 

Input Logic Threshold High T11N, T21N 2.0 v 

Logic Pullup Current T1 IN, T21N = OV 15 200 µA 

RS-232 Input Voltage -30 +30 v 
Operating Range 

RS-232 Input Threshold Low Vee= 5V 0.8 1.2 v 

RS-232 Input Threshold High Vee= 5V 1.7 2.4 v 

RS-232 Input Hysteresis 0.2 0.5 1.0 v 

TTL/CMOS Output Voltage Low louT = 3.2mA 0.4 v 
---------- -~ 

TTL/CMOS Output Voltage High louT = -1.0mA 3.5 v 

Propagation Delay RS-232 to TTL or 0.5 µs 
TTL to RS-232 

Instantaneous Slew Rate CL=10pF, RL=3-7k0, 30 V/µs 
TA=25°C (Note 1) 

Transition Region Slew Rate RL=3kO,CL=2500pF 
Measured from 3V to -3V 3 V!µs 
or-3Vto +3V 

Output Resistance v•=v•=OV, VouT =±2V 300 n 
RS-232 Output ±10 mA 
Short Circuit Current 

Note 1: Sample Tested. 
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DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 

Detailed Description 
The TSC232 contains a +5V to ±1 OV dual charge 

pump voltage converter, a dual transmitter, and a dual 
receiver. 

+5V to ±1 OV Dual Charge Pump 
Voltage Converter 

The TSC232 power supply consists of two charge 
pumps. One uses external capacitor C1 to double the 
+5V input to +1 OV, with output impedance of about 200 
ohms. The other uses C2 to invert +10V to -10V, with 
overall output impedance of 4500 (including effects of 
+5 to +10 voltage doubler impedance). 

The clock in the doubler circuit will start at "" 4.2 
volts in the typical part, but external loads may make this 
point rise to as high as 4.5 volts with 2Kn of load on each 
of the two output supplies. 

Because of this, use of the doubler and inverter to 
run external circuits should be limited. The maximum 
current should be no more than 2.5mA from the +1 OV 
and -1 OV in order to guarantee start-up of the doubler 
clock. 

The test circuit employs 22µF capacitors for C1 to 
C4, but the value is not critical. These capacitors usually 
are low-cost aluminum electrolytic capacitors, or poly-
ester if size is critical. · 

Increasing C1 and C2 to 47µF lowers the output 
impedance of +5V to +10V doubler and +10V to -10V 
inverter by the change in the ESR of the capacitors. 

'Patent Pending 1988 
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V", v-Output Voltages vs Load Current 

3'--~~~~~~ ......... _...~__. 
0 1 2 3 4 5 6 7 8 9 10 

lkOAol lmA) 

Increasing C3 and C4 lowers ripple on the ±1 OV 
power supplies and lowers 16kHz ripple on the RS-232 
outputs. Where size is critical, value ofC1 to C4 can be 
lowered to 1µF. 

The use of a low ESR value capacitor such as a 
Wima MKS-2 polyester film will help lower the output 
ripple and keep the output impedance of the +1 ov and 
-10V low. 



PRODUCT INFORMATION 

Dual Transmitter 
TSC232 transmitters are CMOS inverters driven by 

±1 OV internally generated supplies. The input is 
TTL/CMOS compatible, with a logic threshold of about 
26% of Vee (1.3V for SV Vee). The input of an unused 
transmitter can be left unconnected. An internal 400 Kn 
pullup resistor connected between the transmitter 
input and Vee pulls the input high and forces the unused 
transmitter output low. 

Open circuit output voltage swing is from (V+ -0.6V) 
to V-. This conforms to RS-232 specs of 5V minimum 
output swing under the worst conditions when both 
transmitters drive the 3Kn minimum load impedance, 
Vee input at 4.5V, and maximum ambient temperature. 
Typical voltage swing with 5Kn loads and Vee of 5V is 
±9V. 

EIA RS-232C specs limit the slew rate at output to 
less than 30V I µs. The powered-down output impedance 
is a minimum of 300 ohms with ±2V applied to outputs 
with Vee= OV. 

The outputs are short circuit protected and can be 
short circuited to ground indefinitely. 

Slew Rate Definition 

T11N. T21N 

T1our.T2our~O% 90% VoH 
10% 1()% 

Voe 
TF TR .... 

INSTANTANEOUS SLEW RATE (SR)• 
(0.8)(VoH -Voe) or (0.8) (VoL -VoHl 

TR TF 

15-7 

Dual Receiver 
TSC232 receivers meet RS-232C input specs. 

Input impedance is between 3 and 7Kn. Switching 
thresholds are within the ±3V limits, and the receivers 
withstand up to ±30V inputs. RS-232 and TTL/CMOS 
input compatible, the receivers have 0.8V V1L and 2.4V 
V1H with O.SV hysteresis to reject noise. 

The TTL/CMOS compatible receiver output is low 
when RS-232 input is greaterthan 2.4V. It is high when 
input is floating or between +0.8V and -30V. 

Propagation Delay Definition 

T11N, T21N 
or 

R11N, R21N 

T1 ouT, T2ouT 
or 

R1 our, A2our 

SO% VoL 
r----+.JJ Voe 

TPLH 

AVERAGE PROPAGATION DELA y = T PHe + T PCH 

2 
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Test Circuit 

Bonding Diagram 

C1+ 

V+ 

C1-

'Patent Pending 1988 

DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 

Typical Application 

+4.5 TO +5.5V 
INPUT 

TTL/CMOS 
OUTPUT 

Vee GND T1ouT A11N 

T 
T 
L 
I 
c 
~ S CTS 
S T 

p 
u 
T 
s 

i.-------116mils------__, 
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DTR (20) DATA 
............. VVI,.._ TERMINAL READY 

DSRS (24) DATA 
SIGNALING RATE 
SELECT 

RS-232 
INPUTS & OUTPUTS 

TD (2) TRANSMIT DATA 

>c...---1!-'--<~ RTS (4) REQUEST TO SEND 

A1our 

T11N 

T21N 

R2oUT 

1 
1 



Section 16 
Digital Logic 



Bipolar Interface Logic 
Purpose of Bipolar Interface Logic 

PROTECTING CMOS AND µP SYSTEMS 
Bipolar Interface Logic - the 300 Series - is a remarkably simple solution to interfacing 
your CMOS and..up systems (which operate on 12or1 SV power supplies) with the outside 
world. 

OPERATION ON 11V TO 16V 
These bipolar circuits have the unique ability to operate on 11 V to 16V power supplies 
with an input threshold of 6V, which allows noise margins from 3.SV up to 6.SV. This 
eliminates worry about the high-voltage spikes or noise generated by bouncing switches, 
SCR's, relays, solenoids or large motors. Also, the rugged bipolar construction of the 300 
series minimizes catastrophic failures often caused by high voltage spikes or improper 
maintenance. 

LOW OUTPUT IMPEDANCE 
With low output impedances, the 300 series can handle high drive currents of up to 
250mA, which makes them ideal for driving relays, solenoids, SCR's, displays or long 
lines. 

MANY SOLUTIONS OFFERED BY THE 300 SERIES 
Teledyne Semiconductor's Bipolar Interface Logic line includes buffer gates, power 
drivers, timing elements and much more. 

Seven Segment 

SV Logic Signals 5Vto15V f 
Rel a~ 

• 12V to 15 Volt n CMOS and 
Microprocessor 
Systems 

Debounce 15V to SV SV Logic 
Signals 

'\J\J Jl..JL_ 
Timer 

Schmitt Trigger 

Alarm 

A detailed explanation of High Noise Immunity Bipolar Interface Logic and its uses 
can be found in Application Note 1. 
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390 

Bipolar Interface Logic 
Most Popular 300 Series Devices 

POWER GATES BUFFER GATES 

250mA SINK CURRENT 42mA SINK CURRENT 

395 393 394 301 304 303 

i~ ~~ ±rY D2 !~ i~ ~ 3 

1~~ 1~~ 12 12 
13 13 
11 11 

Vee = 14 Vee = 14 
GND = 7 GND = 7 

GATES 

10mA SINK CURRENT 

322 321 

!~1.~1 
~~ 2-L.r 

i~~5 8657 4 

i~~ 
14----~ 

Vee = 16 

GND = 8 

B14 2 

5 

3 

7 tt::r "~ ~ ilY 11 15 10~ 12 . 11 
13 12 
14 13 
9 

Vee= 8 Vee = 8 

GND = 4 GND = 4 

HEX BUFFERS 

10mA SINK CURRENT 

Vee = 16 
GND = 8 

333 HEX 334 STROBED iryk12 

11 

15 

14 

15 CY 14 
13 

~ 
Vee = 16 

GND = 8 

16-4 

~~ ~ 11 
15 

~ 
12 

15 

13 

VOLTAGE LEVEL 
TRANSLATORS 

361 

=try 

(15V TO 5V) 

Vee = 16 
GND = 8 

363 

bi 

~9 
~ 

~1;! 
~ 
13 \ 

(5V TO 15V) 



Bipolar Interface Logic 

Most Popular 300 Series Devices 

QUAD 

SCHMITT TRIGGER 

367/368 

11 

14 

9 

Vee= 16 D =DELAY 

GND =8 PIN 

DUAL RETRIGGERABLE 

ONE SHOT 

2~7 1 - Q 6 
R 

3 

14~9 
15 R a io 

13 

Vee= 16 

GND = 8 

4 

12 

13 

DIFFERENTIAL 

LINE DRIVER/ 

RECEIVER 

396 380 

BCD-2~7 
6 1 DECADE 

A 

14~9 
10 15 

B 
c 

4 
D 

Vee = 16 

GND = 8 

TIMER 

FROM MICROSECONDS 

TO HOURS 

THRESHOLDD
6 

CONTROL 5 
3 

DISCHARGE 7 OUTPUT 

TRIGGER 2 

RESET 4 

PIN COMPATIBLE TO 555 

FOR Vee = 10.5 - 16V 

Vee= a 
GND= 1 
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DECODERS/DRIVERS 

382 383 

0(15) BCD- 0(15) BCD7 
1(14) DECADE 1(14) SEGMENT 
2(13) 2(13) 
3(12) A 3(12) A 

4(11) 
2 B 4(11) B 

5(10) 
3 c 2 c 
4 

5(10) 
6 

6(9) D 6(9) D 

7(7) 7(7) 

-a(6l VO= 70V 8(6) 0 iii >-- al 
9(5) 9(5) __J a: a: 

Additional Products: 
• Digital Multiplexers 

• Four Bit Comparators 

• Decade Counters 

• Up/Down Counters 

• Quad D Flip Flops 

• AND-OR-Invert Gates 

• Dual, Triple and Quad Gates 

A(131 

Bl121 
Cl111 
Dl101 
El91 
F(15) 
G(14) 



Parameter 

Vee 

V1NL 

VINH 

hNL 

hNH 

IMAX 382 

VoL 

VoL 302 
323 
332 
334 
380 
382 
383 
383 

VOH 

VMAX 302,323 
332,334 
380 
381 
390-395 

VOHL 

leex 302,323,307 
332,334 
380,381 
382 
383 
390-395 

"O" N.I. 

"l"N.1. 

Bipolar Interface Logic 
Electrical Summary Data 

Type C* 
Definition (Vee= +12V ±1V) Test Conditions 

-30° c $TA$ +a5°C 

Supply Voltage 13V max (Voltage for other tests - see below) 
12V nominal 
11V min 

Input Threshold Voltage, Low 5.0V min Guaranteed input low threshold for 
all inputs except 311.T2 = 
4.8V min @ 15V 

Input Threshold Voltage, High 6.5V max Guaranteed input high threshold for 
all inputs except 311 S&R inputs = 
7.0V max 

Input Current, Low; 1 Unit Load (UL) 2.1 mA max At Vee max with VtN = VOL· 

Input Leakage Current; 1 Unit 
Load (UL) 10 µA max At Vee = max with V1N =Vee max 

Output High Breakdown Current 
(Open Collector Devices) 2 mA max Veex = +65V 

Output Low Voltage (see Loading IOL = F.O. x UL at Vee min with 
Table on Data Sheet) 1.5V max V1NL = 5.0V and V1NH = 6.5V 

Output Low Voltage .4V max IOL = 16 mA (10 TTL UL) 
(Open Collector Devices) .4V max IOL = 6.4 mA (4 TTL UL) 

.4V max IOL = 6.4 mA (4 TTL UL) 

.4V max loL = 6.4 mA (4 TTL UL) 
1.2V max loL= 30 mA 
2.5V max loL= 7 mA 
.7V max IOL = 20 mA (100% Duty Cycle) 
1.2V max IOL = 40 mA (50% Duty Cycle) 

Output High Voltage of all Devices At Vee min, V1NL = 5.0V, V1NH = 6.5V; 
Without Open Collector Except IOH = F.O. x UL 
362 and 396 10.0V min 

Output High Breakdown Voltage 13.0V min IMAx=4 mA 
(Open Collector Devices) 20.0V min IMAX =4 mA 

24.0V min IMAx=0.5 mA 
15.0V min IMAx=0.5 mA 
30.0V min 

Output High Voltage, Loaded, of At Vee nominal, V1NL = 5.0V, 
Active Pullup Devices Except VINH = 6.5V; loH = -5 mA (except 
362 and 306 7.0V min -15 mA lor301 and-12mAfor350,351 

Output High Leakage Current 25 µA max Veex = Vee max 
(Open Collector Devices) 25µA max Veex = Vee max 

25 µA max Veex = Vee max 
50 µA max Veex = +55V 
25 µA max Veex =Vee max 
100 µA max Veex = 30V 

Zero State Noise Immunity 3.5V min Guaranteed zero state noise 
immunity across temp range and 
Vee± 1V. V1NL - VoL 

One State Noise Immunity 3.5V min Guaranteed one state noise immunity 
across temp range and Vee± 1V. 
VoH-VINH 

Notes: F.O. is fanout in unit loads (UL). Unit loadings are given in the pin tables on the individual data sheets. A unit load for High Noise Immunity 
Logic is defined by the above input specifications. 

See individual data sheets for additional specifications. 

"Military spec Type B (Vee= 12Vi and Type M (Vee= 15V) are available to meet -55°C to +125°C temperature requirements. Available in 
ceramic package only. See ordering data. 
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Electrical Summary Data (Continued) 

Absolute Maximum Ratings 
L Package, Ceramic J Package, Plastic 

Storage Temperature -as• c to +1 so• c -ss•c to +1oo•c 

Lead Temperature (1/16 inch from case, 10 sec max) 300°c 3oo•c 

Continuous Supply Voltage 
Type C", s· +15.0V +15.0V 
Type A•, M• +16.SV +16.SV 

Pulsed Supply Voltage (less than 100 msecl +18.0V +18.0V 

Input Voltage (any input) 
Type c·, s· -0.5 to +15V -0.5 to +15V 
Type N, M" -0.5 to +18V -0.5 to +18V 

Surge Sink Current (less than 100 msec at 25°C TAI 
Standard Outputs 20mA 20mA 
301, 302 and 303 100mA 100mA 
306, 307, 332 through 335, 350, 351, 380, 381, 383 35mA 35mA 
390-395 300mA -
355 150mA 150mA 

Expander Input Currents -0.5 to +0.5mA -0.5 to +0.5mA 

Note: Exceeding the absolute maximum ratings may cause permanent damage. Function of HiNIL devices at the absolute maximum ratings or beyond 
the conditions guaranteed is not implied. 

Digital Logic - 300 Series Ordering Information 
PACKAGED DEVICES TSC XXX X X 

1. TELEDYNE SEMICONDUCTOR DEVICE ______________ T_. T J 
2. DEVICE NUMBER -

3. ELECTRICAL GRADE AND TEMPERATURE RANGE----------------' 
A - Industrial Temperature Range, 15 V, (-30 to +70°C) 
C - Industrial Temperature Range, 12 V, (-30 to +85°C) 

4.PACKAGETYPE----------------------------' 
L - Ceramic Package (CerDIP) 

EXAMPLE: 303AL Operates Over an Industrial Temperature Range at 15 Vandis a CerDIP Package 

Product List - Digital Logic 
301 Power NANO Gates Dual 5-lnput 
302 Power NANO Gates Quad 2-lnput 
303 Power NANO Gates Quad 2-lnput 
304 Power NANO Gates Triple 4, 3, 4-lnput 
306 NOR Gate Quad 2, 2, 3, 3-lnput 
307 NOR Gate Quad 2. 2. 3, 3-lnput 
311 Flip Flops Master/Slave RST 
312 Flip Flops Dual J-K Edge Triggered 
313 Flip Flops Dual J-K Master/Slave 
321 NANO Gates Quad 2-lnput 
322 NANO Gates Dual 5-lnput 
323 NANO Gates Quad 2-lnput 
324 NANO Gates Quad 2-lnput 
325 NANO Gates 2. 2. 3, 3-lnput 
326 NANO Gates 2, 2. 3, 3-lnput 
331 Gate Expander Dual 5-lnput 
332 Hex Inverter Gates 4-lnverter, 2-NAND 
333 Hex Inverter Gates 4-lnverter, 2-NAND 
334 Hex Inverter Gates Strobed Hex NANO 
335 Hex Inverter Gates Strobed Hex NANO 
341 Multifunction Gates Dual 2-Wide, 2-lnput 

and/or Invert 
342 Dual Monostable Multivibrator 
343 Digital Comparator 4-Bit 
344 Multifunction Gates Dual Expandable AND.-NOR 
347 Dual Retriggerable Monostable Multivibrator 
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350 Multiplexers 8-Bit 
351 Multiplexers Dual 4-Bit 
355 Timer 
361 Dual 11-16V to 5V Interface Voltage Translator 
362 5V to 11-16V Interface Dual Translator 
363 5V to 11-16V Interface Quad 2-lnput NANO 
367 Schmitt Trigger Quad(Active Pullup) 
368 Schmitt Trigger Quad(Open Collector) 
370 Flip Flop Quad D 
371 Counters Decade 
372 Counters Hexadecimal 
373 Up-Down Counters Decade 
374 Up-Down Counters Hexadecimal 
375 Shift Register 4-Bit 
380 BCD-to-Decade Decoder/Drivers Lamp Driver 
381 BCD-to-Decade Decoder/Drivers Logic Driver 
382 BCD-to-Decade Decoder/Drivers Gas Tube Driver 
383 Decoder/Driver BCD-to-7 Segment 
390 Dual Interface Butters 4-lnput Expandable AND 
391 Dual Interface Buffers 2-lnput AND 
392 Dual Interface Buffers 2-lnput NANO 
393 Dual Interface Butters 2-lnput OR 
394 Dual Interface Buffers 2-lnput NOR 
395 Dual Interface Buffers 4-lnput Expandable NANO 
396 Line Driver/Receiver Dual Differential 



Bipolar Interface Logic 
Input Current Requirements 

l1NL@ Yee= 12Y l1NL@ Yee= 15Y 
Device and and l1NH @Yee= 12 or 15Y, 

Number Y1L = 1.SY (mA) Y1L = 1.SY (mA) Y1NH =Yee (mA) 

301 2.1 2.6 10 
302 2.1 2.6 10 
303 2.1 2.6 10 
304 2.1 2.6 10 
306 1.3 1.6 10 
307 1.3 1.6 10 
311 2.1-4.2 2.6-5.2 10-20 
312 2.1-4.2 2.6-5.2 10-20 
313 2.1-4.2 2.6-5.2 10-20 
321 2.1 2.6 10 
322 2.1 2.6 10 
323 2.1 2.6 10 
324 2.1 2.6 10 
325 2.1 2.6 10 
326 2.1 2.6 10 
332 2.1 2.6 10 
333 2.1 2.6 10 
334 2.1 2.6 10 
335 2.1 2.6 10 
341 2.1 2.6 10 
342 2.1 2.6 10 
343 2.1-4.2 2.6-5.2 10-20 

347 2.1-4.2 2.6-5.2 10-20 
349 2.1 2.6 10 
350 2.1 2.6 10 
351 2.1 2.6 10 
355 0.01 0.01 10 
361 2.1 2.6 10 
362 0.47 0.47 10 
363 1.6 1.6 10 
367 2.1 2.6 40 
368 2.1 2.6 40 
370 2.1-4.2 2.6-5.2 10-20 
371 2.1-4.2 2.6-5.2 10-20 
372 2.1-4.2 2.6-5.2 10-20 
373 2.1 2.6 10 
374 2.1 2.6 10 
375 2.1 2.6 10 
380 2.1 2.6 10 
381 2.1 2.6 10 
382 2.1 2.6 10 
383 2.1-6.3 2.6-7.8 10-30 
390 0.7 1.0 10 
391 0.7 1.0 10 
392 0.7 1.0 10 
393 0.7 1.0 10 
394 0.7 1.0 10 
395 0.7 1.0 10 
396 0.4 1.0 10 

Notes: 
1. If there are several types of inputs on a device, then the currents listed above are the range of values for the various inputs. 

Check the individual data sheets to determine what the input current requirements are for each input. 
2. A unit load is defined as iiNL@ 12V = 2.1mA max, liNL@ 15V = 2.6mA max and liNH = 10µA max at 12 or 15V. 
3. CMOS operated at 12 or 15V can be used to drive these devices even if the VOL rating of the CMOS device does not appear to 

give enough sink current. This is possible since the 300 series of devices has input low rated at <0,SV instead of 0.8V as is 
common with TTL parts. The result is the CMOS output will be operated at a VoL larger than is typical for CMOS.or TTL 
systems. 
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Bipolar Interface Logic 

Output Sink Current vs. Output Voltage 

Device Device 
Number VoL (V) loL (mA) Number YoL (V) loL (mA) 

301 1.5 42 350 1.5 16 
302 .4 42 351 1.5 16 
303 .4 42 355 2.0 75 
304 .4 42 361 .4 10 

306 1.5 18 362 .4 10 
307 .4 10 363 .4 30 
311 1.5 12 367 1.5 10 

312 1.5 10 368 .4 10 

313 1.5 10 370 .4 10 
321 1.5 10 371 .4 10 

322 1.5 10 372 .4 10 
323 .4 10 373 1.5 10 
324 .4 10 374 1.5 10 
325 1.5 10 375 1.5 6 
326 .4 10 380 .4 20 
332 .4 10 381 .4 10 
333 .4 10 382 2.5 7 
334 .4 10 383 .7 20 
335 .4 10 390 .7 250 
341 1.5 10 391 .7 250 
342 1.5 10 392 .7 250 
343 1.5 10 393 .7 250 

394 .7 250 
347 1.5 10 395 .7 250 
349 1.5 10 396 1.5 12 

Ill 
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Bipolar Interface Logic 

Power Supply Current and Delay Times 

Delay Time 50% to 50% Points 

(Worst Case) 

Device ICC (mA) Low to High to 
Number 13V 16V High (ns) Low (ns) 

301 48 68 340 400 
302 40 60 600 240 
303 49 70 600 240 
304 49 70 600 240 
306 34 40 600 100 
307 34 40 600 100 
311 18 25 820 610 
312 30 40 300 230 
313 30 40 300 230 
321 15 20 300 200 
322 8 11 550 190 
323 5.5 8 400 160 
324 28 40 600 200 
325 15 20 300 200 
326 28 40 600 200 
332 28 42 350 140 
333 42 60 350 140 
334 28 42 350 140 
335 42 60 350 140 
341 11 15 410 150 
342 17 23 260 160 
343 42 56 1000 1000 
344 11 15 600 200 
347 40 50 650 750 
350 33 40 400 250 
351 33 40 400 250 
361 8 11 325 230 
362 10 13 400 160 
363 51 64 600 240 
367 36 54 400 300 
368 33 50 600 340 
370 38 48 750 750 
371 41 53 800 300 
372 41 53 800 300 
373 50 55 1 mHz Toggle 
374 50 55 1 mHz Toggle 
375 48 64 600 550 
380 24 31 500 400 
381 30 38 500 400 
382 24 31 - -
383 24 31 - -
390 38 40 500 200 
391 38 40 500 200 
392 38 40 500 200 
393 38 40 500 200 
394 38 40 500 200 
395 38 40 500 200 
396 23 25 650 80 
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Bipolar Interface Logic 
301 DUAL FIVE INPUT POWER NANO GATE 

(ACTIVE PULL·UP) 
tee. 48 mA 1301C), 68 mA t301AI 

20 UL 1 UL 1 UL 1 UL 1 UL 1 l4L 
INPUTS 

INPUTS 
20UL 1UL 1 UL 1 UL 1 UL 1 UL 1 UL 

304 TRIPLE 4, 3, 4 INPUT NANO 
(PASSIVE PULL-UPI 
I cc= 40 mA (304Cl, 60 mA (304A) 

20UL 1 UL 1 UL t UL 

Voo .. .. c, o, 

1 UL 

20UL 

o, 

A2 B2 A3 83 C3 03 03 GND 

l UL 1 UL 1 UL 1 UL 1 UL 20 UL 

311 MASTER/SLAVE FLIP·FLOP 
(ACTIVE PULL·UP) 
Ice. 18mA1311CI 25mA1311AI 

1 UL 5 UL 1 UL 1 UL 6 UL 

A1 A2 A3 T1 81 82 13 GND 

1 UL 1 UL 1 UL 2 UL 1 UL 1 UL 1 UL 

321 QUAD TWO INPUT NANO GATE 
(ACTIVE PULL·UPI 
lcc• 15mA l321CI, 20mA 1321AI 

1UL 1UL 5UL 1UL 1UL 5UL 

Yee •1 A1 x, o, 83 A3 03 

04 84 A4 02 X2 11 A1 GND 

5 UL 1 UL 1 UL 5 UL 1 UL 1 UL 

302 QUAD TWO INPUT POWER GATE 
IOPEN COLLECTOR) 
Ice. 40 mA (302Ct 60 mA l302AI 

1 ul 1 UL 1 UL ~~ ~t :~\ 1 UL 1 UL 

Vee a1 A 1 x 1 o 1 a3 A3 o 3 

o, .. .. o, x, ., ., GND 

1 UL 1 UL 1 UL 28 UL fC) 1 UL 1 UL 
23 UL fA) 

306 2, 2, 3, 3 INPUT NOA GATE 
(ACTIVE PULL-UP) 
Ice= 34 mA (306CI, 40 mA l306AI 

1 UL t UL SUL t UL 1 UL SUL 

Vco c, .. .. o, ,, ., o, 

01 81 A1 02 A2 82 e2 GND 

SUL 1UL 1Ul S~ 1Ul 1UL 1~ 

312 DUALJ.K FLIP.FLOP 
!ACTIVE PULL·UPI 
Ice • 30 mA (312CI 40 mA 1312AI 

2UL SUL 1UL 1UL 1UL5UL 2UL 

Yee R2 02 K2 T2 J2 02 

R, a, K1 T1 J1 o, s, GND 

2UL5UL 1UL 1UL 1UL SUL 2UL 

322 DUAL FIVE INPUT NANO GATE 
(ACTIVE PULL-UPI 
•cc • 8 mA 1322CI. 11 mA l322AI 

5 UL 1 UL 1 UL 1 UL 1 UL 1 UL 
INPUTS 

INPUTS 
1 UL 1 UL 1 UL 1 UL 1 UL 
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Pin-Out Guide 
303 QUAD TWO INPUT POWER GATE 

(PASSIVE PULL-iJPI 
Ice • 49 mA l303C), 70 mA 1303AI 

1 UL 1 UL 

Vee 81 A1 X1 01 

o, •• •• o, ., ., 

307 2, 2, 3, 3 INPUT NOA GATE 
(OPEN COLLECTOR) 
Ice= 23 mA (307C), 28 mA l307A) 

t UL t UL SUL 1 UL 

v"' °' .. .. o, ,, 

., GND 

1 UL ., o, 

01 81 A1 02 A1 82 C2 GND 

SUL 1Ul IUL SUL 1Ul 1Ul 1UL 

313 DUAL J.K FLIP.FLOP 
(ACTIVE PULL·UPI 
•cc. 30mA 1312CI 40 mA (312AI 

2 UL 5 UL 1 UL 1 UL 1 UL 5 UL 2 UL 

Vee fi2 02 K2 T2 J2 02 52 

R, o, K1 T1 J1 o, s, GND 

2 UL 5 UL 1 UL 1 UL 1 UL 5 UL 2 UL 

323 QUAD TWO INPUT NANO GATE 
(QPEN COLLECTOR) 
Ice. 5.6 mA (323C), 8 mA (323AI 

1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 

Yee •1 A1 X1 o, 83 A3 03 

04 84 A4, 02 X2 B1 A1 GNO 

5 UL 1 UL 1 UL 5 UL 1 UL 1 UL 

llll 



324 QUAD TWO INPUT NANO GATE 
(PASSIVE PULL-UPI 
ICC = 28 mA (324C), 40 mA {324AI 

1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 

04 84 Ac 02 X2 81 A1 GNO 

6 UL 1 UL 1 UL 5 UL 1 UL 1 UL 

331 DUAL FIVE INPUT GATE EXPANDER 
Ice"' 4.2 mA l331CJ, 5.2 mA t331AJ 

334 STROBED HEX INVERTER GATE 
COPEN-COLLECTOR) 
Ice • 28 mA l334CI. 42 mA 1334AJ 

2 UL 1 UL 7 UL 1 UL 7 UL 1 UL 

Vee 11 Al 01 A2 02 A3 03 

c, Ae 05 As Os Ac 04 GND 
4 UL 1 UL 5 UL 1 UL 5 UL" 1 UL 5 UL 

342 DUAL MONOSTABLE MULTIVIBRATOR 
!ACTIVE PULL-UPI 
Ice. 17 mA l342C), 23 mA 1342A) 

5 UL 5 UL 1 UL 

e, a, D1 c, a, Ai ><1 GNO 

SUL &UL 1 UL 

325 2. 2, 3, 3-INPUT NANO GATE 
!ACTIVE PULL-UPI 
Ice= 15 mA 1326CI. 20rt1A l325AI 

1 UL 1 UL 1 UL 5 UL 1 UL 1 UL 5 UL 

Vee C2 82 A2 02 84 ..... 04 

03 83 AJ 01 C1 81 A1 GND 

5 UL 1 UL 1 UL 5 UL 1 UL l UL 1 UL 

332 HEX INVERTER GATE 
(OPEN COLLECTOR) 
Ice .. 28 mA l332C). 42 mA (332AI 

1 UL 1 UL 7 UL 1 UL 7 UL 1 UL 7 UL 

Vee . •e -'ii °' A4 04 A2 01 

~ ~ ~ Al ~ A1 0 1 ~D 

1 UL 1 UL 7 UL 1 UL 7 UL 1 UL 7 UL 

335 STROBED HEX INVERTER GATE 
!PASSIVE PULL-UP, 
•cc = 42 mA l335Ct 60 mA C335AI 

2 UL 1 UL 5 UL 1 UL 5 UL 1 UL 5 UL 

Vee 81 A1 0 1 A2 02 A3 03 

e, o\e °& A5 ~ A4 0 4 GNO 

4 UL 1 UL 5 UL 1 UL & UL 1 UL & UL 

343 FOUR BIT COMPARATOR 
(ACTIVE PULL-UPI 
•cc.= 42 mA (343CI, 56 mA 1343AI 

INPUTS 

INPUTS OUTPUTS 
1 UL 1 UL 1 UL 1 UL 5 UL 5 UL 5 UL 

16-12 

Pin-Out 'Gulde 
326 2. 2. 3, 3 INl'UT NANO GATE 

!PASSIVE PULL·UPI 
lcc"" 28 mA C326Cl, 40 mA C326A) 

1 UL 1 UL 1 UL & UL 1 UL 1 !JL 15 UL 

Vee e2 12 Az Oz 84 A4 04 

13 A3 01 C1 1 1 A 1 GNO 

5 UL 1 UL 1 UL 5 UL 1 UL 1 UL 1 UL 

333 HEX INVERTER GATE 
!PASSIVE PULL-UPI 
Ice= 42 mA C333CI, 60 mA 1333A, 

1 UL 1 UL 5 UL 1 UL 5 Ui.. 1 UL 5 UL 

Vee 8& -'& °' A4 04 A2 02 

A5 85 05 A3 03 A1 01 GNO 

1 UL 1 UL 5 UL 1 UL 5 UL 1 UL 5 UL 

341 DUAL 2-WIDE, 2 INPUT ANO-OR·l.NVERT GATE 
(ACTIVE PULL-UP) 
•cc'" 11mA13t!.1CI,15mA1341AJ 

SUL 1UL 1UL 1 UL 1 UL 

O; A1 81 X1 e, 01 V1 GNO 

5 UL 1 UL 1 UL 1 UL 1 UL 



347 DUAL RETRIGGERABLE MONOSTABLE 
IACTIVE PULL-UPI 

., ., RIC1 o, a, 
1 UL 1UL 2UL 5UL 5UL 

351 DUAL FOUR BIT MULTIPLEXER 
CACTIVE PULL-UP) 
•cc. 33 mA 1351C>. 40 mA f351AI 

1UL 1UL 1UL 1 UL 1 UL 
YCC .. . , •• "' .. 

382 DUAL OUTPUT INTERFACE 
!ACTIVE PULL·UPI 

1UL ,, 

•cc. 10 mA 1362CI, 13 mA 1382AI 
All TTL RTL TTL 

Vee 02 Nl2 12 12 Nl2 

o, .,, ,, ,, .,, 
RTL TTL RTC TTL 

388 QUAD SCHMITT TRIGGER 
!OPEN COLLECTORI 
•cc • 33 mA C368CI, 50 mA 1388AI 

!UL &UL 
•cc °' .. °' "' A3 03 

GNO 

1 UL 
ML 

GNO 

1UL 
INH 

"2 A2 02 ONO 
!UL 

349 DUAL RETRIGGEAABLE PULSE STRETCHER 
(ACTIVE PULL-UP) 
Ice= 40 mA (349C), 50 mA (349A) 

1 UL 1 UL 2Ul 

iN2 IN2 R 

IN1 R/C1 

·~' 2UL 

355 TIMER 
Ice= 20 mA 

DISCHARGE CONTROL 

TRIGGER 

363 OUAD OUTPUT INTERFACE 
(PASSIVE PULL-UPI 

SUL 

o, 
SUL 

ice .. 51 mA (363CI, 64 mA (363A) 

GNO 

5 UL 5 UL 
Vee e1 A1 x 1 o 1 A3 o 3 

o, •• •• o, x, ., ., GNO 

OUL 5 UL 

370 QUAD D FLIP·FLOP 
(PASSIVE PULL·UPI 
•cc. 38 mA l370CI. 48 mA l370A) 

6Ul5UL2UL2UL 5UL5UL 

•cc a, a, o, a, a, 

01 01 01 02 02 02 GNO 
1 UL 5 UL !i UL 2 UL 2 UL 5 UL 5 UL 
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36Q EIGHT B!T MULTIPLEXER 
(ACT!VE PULL-UP) 
Ice= 3J mA (350Cl. 40 mA 1350AI 

1 UL 1 UL 1 UL 1 UL 1 UL 1 UL 
vcc 04 os 07 So St S2 

03 "' o, Do a 0 "lNBi 
1 UL 1 UL SUL 8 UL 

361 DUAL INPUT INTERFACE 
(PASSIVE PULL-UPI 
Ice =8mA1361C), 1t mA t361AI 

•cc 

367 QUAD SCHMITT TRIGGER 
IACTIVE PULL·UP) 
Ice"' 36 mA (367C), 54 mA (367AI 

1 UL 
GNO 

SUL SUL lUl 
VCC 04 A4 04 03 AJ DJ INH 

D1 Al 01 02 A2 D2 ONO 
5Ul. SUL 

371 DECADE COUNTER 
(PASSIVE PULL.·UPI 
ice• 41mA1371C), 53 mA t371A) 

2 UL 
co 

c•, 
1 UL 2 UL 

S4 04 S9 09 GNO 

1 UL 5 UL 1 UL 5 UL 



372 HEXADECIMAL COUNTER , 
!PASSIVE PULL-UPI 
tee .. 41 mA 1372C), 53 mA (372A) 

2 UL 5 UL 1 UL 5 UL 1 UL 2 UL 
Vee cP2 a2 ·s2 a1 s1 co 

c•, 
1 UL 2 UL 

S4 04 5e 09 GND 
1 UL 5 UL 1 UL 5 UL 

375 FOUR BIT SHIFT REGIST~R 
(ACTIVE PULL-UP) 
Ice• 48 mA 1375C), 64 mA l375A) 

3Ul 1Ul 3Ul 1Ul 1Ul 
Vee "' ., Oo K J 

., ,, Oo .. 

Cp D2Jil"'3~0JGND 
1UL 1UL 3Ul 1UL 1UL 3UL 3Ul 

382 BCD TO OECADE DECODER/GAS DISCHARGE 
(QPEN·COLLECTORI TUBE DRIVER 
Ice .. 24 mA 1382CI. 31 mA l382CI 

OUTPUTS 

Vee "'o 

INPUTS 
1 UL 1 UL 1 UL 1 UL 

373 DECADE UP-DO!NN COUNTER 
Ice= 50 mA (373C), 56 mA (373A) 

1UL 1UL SUL 1UL 1UL 6~ 1UL 
COUNT COUNT 

Vee DOWN UP a... IN A IN B Ca LOAD 

BORROW 0o IND INC Cle CAR RV CLEAR GND 

SUL 1UL lUL SUL 1Ul 1UL 

380 BCD TO DECADE DECODER/LAMP DRIVER 
IOPEN·COLLECTORI 
•cc • 30 mA l380C), 38 mA l380AJ 

INPUTS OUTPUTS 
1 UL 1 UL 1 UL 1 UL 

383 BCD TO SEVEN·SEGMENT OE CODER/DRIVER 
IOPEN·COLLECTORI 
•cc • «I mA t383Cl. 44 mA 1383A) 

••• 1 UL 1 IJL 3 UL 2 UL 1 UL 1 UL 1 UL 
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374 

Pin-Out Guide 
HEXADECIMAL UP-DOWN COUNTER 
Ice .. 60 mA.(374C}~ 56 mA l373AI 

1uL 1~ s~ ,~ 1~ s~ ,~ 

BORROW 0o IND INC 0c CARRY CLEAR OND 

&m 1~ 1~ &UL 1~ 1UL 

381 BCD TO DECADE DECODER/LOGIC DRIVER 
!OPEN COLLECTOR! 
•cc• 30 mA t313CJ. 38 mA (383Al 

INPUTS OUTPUTS 
1 UL 1 UL 1 UL 1 UL 

390 DUAL4 INPUT PO!NER AND 
lcc==40mA 

A, 81 X1 C1 lh 01 GND 



391 DUAL 2 INPUT POWER AND 
lcc=40mA 

394 DUAL 2 INPUT POWER NOR 
Ice= 40 mA 

392 DUAL 2 INPUT POWER NAND 
lee=40mA 

395 DUAL 4 JNPUT POWER NANO 
Ice= 40 mA 
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Pin-Out Guide 
393 DUAL 2 INPUT POWER OR 

Ice 40 mA 

396 DUAL DIFF. LINE DRIVER/RECEIVER 
Ice= 25 mA 

17KJ (lKI 
R1NT2 VF12 R1NT2 

01 INi R1NT1 V1n R1NT1 
f7K) llK) 



Notes 

ENGINEER: __________________________ DEPT:-----

PROJECT: DATE: -----
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TSC8700 
APPLICATION NOTE 8 

INTERFACING THE 8700 A/D CONVERTER WITH THE 8080 µP SYSTEM 

The growth of microcomputers has included an expansion into 
process monitoring and control systems, as well as other 
applications requiring interaction with "real world" physical 
variables. At the same time, advances in semiconductor 
technology have allowed complex data conversion functions 
(A/D, D/A, V/F, etc.) to be performed by small and 
inexpensive IC's. By integrating these monolithic converter 
circuits into his microcomputer system, the designer thus can 
retain the same low cost and small size advantages which make 
the microprocessor so attractive. 

In particular, the popular Intel 8080A microprocessor and 
Teledyne Semiconductor's 8700 series analog-to-digital 
converters are well suited to such a combination. This paper 
describes the basic techniques for interfacing the two, as well 
as ways to handle some more sophisticated situations. 

ZERO 
ADJUST 

INITIATE 
CONVERSION 

,---------------------1 
I 

I I 

I I 

L----~----1--1--------~ 
Vss 1BIAS 

Figure 1. 8700 Series Internal Elements 

µP SYSTEM 

BINARY 
OUTPUTS 

THE 8700 A/D CONVERTER 

Teledyne Semiconductor's 8700 series is a family of 
monolithic CMOS analog-to-digital converter IC's. All versions 
- the 8700 8-bit, 8701 10-bit and 8702 12-bit - are 
integrating converters which can accept an unlimited input 
voltage range (changed to a current input by external scaling 
resistor) and provide a latched parallel binary digital output. 
All are available in 24-pin ceramic DIP, and the 8-bit version is 
also offered in a low-cost 24-pin plastic package. As may be 
seen from the block diagram (Fig. 1). each device contains all 
of the essenti~I elements for a complete A/D converter; only 
minimal support components are needed. 

In addition to the 8, 10 or 12 buffered data output lines, three 
handshaking signals are provided to ease the interface to the 
host system. All outputs are CMOS and LPTTL compatible. 
The DATA VALi D output signal is normally high, indicating 
that the data in the output latches is valid, for the entire cycle 
except for approximately 5µs before the end of the 
conversion, when the data is being updated. Notice that the, 
latches maintain the data from the previous conversion even 
while the next conversion is being performed. A second 
output, BUSY, is high whenever a conversion is being 
performed. Finally, an input to the device, INITIATE 
CONVERSION, allows the function to be operated under 
system control. A positive-going pulse of at least 500ns 
duration causes the conversion to begin. If this input is tied 
high, the conversion will occur in a free-running mode at 
approximately 800 conversions per second for the 8700 (200 
conv/sec for the 8701 and 50 conv/sec for the 8702). 

Since the 8700 series devices operate from +5V and -5V 
supplies, they are particularly easy to interface with the 
8080A microprocessor system. Fig. 2 shows a possible 
hook-up for the 8700's analog inputs and power supply; also 
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Figure 2. 8700 Analog Input and Power Supply Hook-up Circuits, 
Including VREF Derived from 8080A System 
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incorporated is a circuit to supply the necessary negative 
reference, using a temperature-compensated zener diode and 
an inverting op amp. Note that the ±5V supplies needed for 
the 8700, as well as the additional +12V used in the reference 
circuit, are all available from the 8080A system. 

In order to simplify the hardware and software for illustrative 
purposes, this paper concentrates on interfacing the 8-bit 8700 
converter and the 8-bit 8080A microprocessor system. The 
same principles apply to inter-connecting the 8080A with the 
higher-resolution 8701 and 8702 A/D converters. 

THE 8080A MICROPROCESSOR 

The 8080A, an 8-bit microprocessor, communicates within the 
microcomputer system over two buses, a 16-bit address bus 
and an 8-bit data bus. During each machine cycle the current 
contents of the program counter are sent out over the address 
bus; the memory receives the address and returns the contents 
of the selected memory location to the 8080A via the data 
bus. During an instruction fetch cycle, the returning data is 
interpreted as an instruction. 

Communications between the microcomputer and the outside 
world are via Input/Output (1/0) ports addressed by the 
address bus. 1/0 instructions utilize 8-bit addresses; the port 
address is duplicated on both the low order address lines and 
the high order address lines of the address bus. 

In addition to the address and data buses, the 8080A 
communicates with the memory and 1/0 ports via a set of 
control signals. In particular two control lines, IN and OUT, 
are used to enable the 1/0 ports. A logic 0 on the IN line will 

DATA 1121 
VA.Lill CLK 74C74 

,,, 
'" 

enable the Input port that corresponds to the address on the 
address bus at that time. The OUT line functions in a similar 
fashion. 

THE BASIC 8700 1/0 PORT 

A basic approach to interfacing the 8080A and the 8700 8-bit 
A/D converter is shown in Fig. 3. The conversion is started on 
command of the 8080A, using the INITIATE CONVERSION 
input of the 8700. When the conversion is complete, the 
DATA VALID output of the A/D requests an interrupt; the 
interrupt service routine transfers the current data from the 
working registers to the stack memory, and the A/D input port 
is read. A control signal then is sent to the INITIATE 
CONVERSION input to restart the conversion, and the main 
program activity is resumed. 

It is assumed that the data bus will be shared by many devices, 
both in the ports and in memory, and that inverting 
drivers/receivers (such as 8228) will be included in the 8080A 
system to service this bus. Therefore, 80L98 buffers have been 
provided at the 8700 to drive an inverted input over the data 
bus, as well as to provide a three-state function, electrically 
removing the A/D from the bus when its input port has not 
been selected. (For applications where inverted signal and high 
bus-driving capability are not needed, Teledyne is offering a 
version of the 8700 with three-state outputs.) 

Each port of the system is assigned an address by virtue of the 
way the address bus is decoded to select the port. In the basic 
input port of Fig. 3, the output of the 7430 gate is low only 
when all of its inputs are high. This corresponds to address 
FFH. 
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Figure 3. Basic 8700/SOSOA Interface 
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;INITIATION 
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; STATUS ARE SAVED 
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; CONTROL RETURNED 

THE 

; TO THE MAIN PROGRAM. 

To initiate a conversion in the A/D, an output port, also 
address FFH, is used. By defining both the input and output 
ports as address FFH, the same address decoder, the 7430, 
may be used for both functions. In this case the output of the 
7430 and the OUT signal are gated by 7402 to clock half of a 
74C74 flip-flop. The D input of the flip-flop is tied to the D1 
line of the data bus. The flip-flop is, in effect, a one-bit output 
port. Sending the data word 80H to port FF H with an output 
(OUT) instruction will cause the flip-flop to be set, thus 
supplying an INITIATE CONVERSION signal to the 8700. A 
second output instruction, sending OOH to the same port, will 
reset the flip-flop and remove the INITIATE CONVi::RSION 
signal. Since an output instruction requires ten 0.5µsec clock 
cycles to execute, the INITIATE conversion pulse will be 
approximately 5µsec long. After beginning the conversion 
process by the double output instructions, the 8080A is free 
to perform other processing operations. 

When the 8700 completes its conversion cycle and latches the 
result onto its internal output latches. the DATA VALi D 
output goes high. This triggers the other half of the 74C74 
flip-flop, clocking a logic one from the D input (tied high) 
onto the INTERRUPT REQUEST line .. The result is that the 
microprocessor is interrupted when the conversion is 
complete. The interrupt service routine (See Fig. 3A) saves the 
CPU's working register contents by pushing them onto the 
stack and then reads the output of the 8700. 

To read the 8700 input port, it is necessary to supply the 
address of port FFH on the address bus while simultaneously 
sending out a logic zero on the IN control line. The 
combination of the 7430 and 7402 gates supplies a logic zero 
to the enabling input of the 80L98 three-state buffers on the 
outputs of the 8700 and to the clear input of the 74C74 
flip-flop on the INTERRUPT line; this puts the 8700 data on 
the data bus and removes the interrupt request. 

After reading the converter data and saving it in one of the 
registers, the system again pulses the INITIATE 
CONVERSION input to start the next conversion, restores the 
stack with a series of POP instructions, and resets the internal 
interrupt-enable flip-flop. Thus the 8080A only reads the 8700 
when the new information becomes available; the rest of the 
time is spent in processing activities. 
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HANDLING MULTIPLE A/D CONVERTERS 

When multiple analog inputs are involved, conventional system 
designs have tended to use an analog rriultiplexer feeding a 
single high-speed A/D converter. With the increasing 
availability of low-cost converter !C's, the approach of using a 
separate A/D for each analog line becomes more attractive. 
Fig. 4 illustrates a system of eight 8700 converters all 
supplying data in parallel to an 8080A system. 

The system illustrated in Fig. 4 contains many of the same 
elements as the basic input port of Fig. 3. As before, the data 
outputs of the 8700s are buffered with 80L98 three-state 
buffers to drive the bus and to allow them to be disconnected. 
The decoding circuitry is slightly more complex. The five 
high-order address lines. form the inputs to a 7430 gate which 
is used to enable a 7442 BCD to decimal decoder. The 7442 
performs the final decoding by selecting the appropriate 8700 
whenever an INPUT instruction is executed to one of the 
output ports F8H to FFH. Also, the 8700s have their INITIATE 
CONVERSION inputs tied high. so the devices operate in the 
free-running mode. 

The interrupt scheme in this system is far more versatile than 
that previously illustrated. The user may assign priorities to 
each of the input ports, so that if one port has already 
interrupted the system and is being serviced, only a higher 
priority port can interrupt it. Lower priority interrupts will be 
delayed until the first port has been serviced. 

Each of the eight interrupt input ports is constructed of a 
74L74 flip-flop with its D inputs wired high. Each flip-flop is 
clocked independently by lines from the appropriate 8700 
DATA VALID output, transferring the logic one on the D 
input to the 0 output. The Q output of each flip-flop is gated 
onto the INT REQ line producing an interrupt whenever one 
of the 8700's completes its cycle. The 0 outputs of the 
flip-flops are buffered by the 8098 and tied to the data bus; 
this buffer is enabled by a 7430 and 7400 gates to respond to 
the INPUT instruction at address 7FH. The 8080A thus can 
determine which flip-flop has caused the interrupt and which 
of the 8700s has completed its conversion cycle. 

The interrupt service routine (See Fig. 4A) saves the contents 
of the working registers with a series of PUSH instructions, 
and then proceeds to determine which port caused the 
interrupt. This is done with an input (TN) instruction to 
address 7FH, which loads the status of the DATA VALID 
outputs from the 8098 into the accumulator. Here the word 
can be tested, bit by bit, until a logic one is found. This is then 
converted to the address of the correct 8700 input port and 
that port read with an input instruction. At the conclusion of 
the service routine, the flip-flop is reset by sending a zero to 
the appropriate bit position of the output port 7FH which 
shares the same decoding circuitry as the input status port. 
Finally the stack is restored, and the internal interrupt enable 
flip-flop is reset. 

There is nothing to prevent one of the 8700s from completing 
its conversion cycle and sending out a DATA VALID signal at 
the very time that another 8700 port has caused an interrupt 
and is in the process of being read. If this occurs, the flip-flop 
tied to the second port will be set and an additional interrupt 
signal generated. This will have no effect, however, since the 
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Figure 4. Eight Port A/D Converter System with Maskable Priority Interrupt 
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8080A's internal-interrupt enable flip-flop is automatically 
disabled when the first interrupt is received, locking out any 
further interrupts. (This flip-flop must be reset with an El 
instruction, Enable Interrupts.) The first interrupt service 
routine ends with the resetting of the status flip-flop and the 
enabling of the internal interrupt enable flip-flop. This 
removes the source of the first interrupt, but the second status 
flip-flop now causes a new interrupt which must be serviced in 
turn. The 8080A will respond to each of the input ports as 
they complete their cycles, even if several occur in a short 
period. 

So far we have assumed that each of the 8700 ports is of equal 
importance. When we wish to assign priorities to the ports, it is 
only necessary to make a slight change in the program - no 
hardware changes are needed. This is done by holding the reset 
inputs of selected data valid flip-flops low, which effectively 
serves to inhibit those ports from causing interrupts. The 
output port 7F accomplishes this by having its latches loaded 
with a binary word called a priority mask. Each interrupt 
service routine begins by loading a different priority mask into 
the output port and resetting the internal enable interrupt 
flip-flop. For example, if the priority mask for port number 3 
is 11111100, port number 1 and 2 cannot interrupt the 
processing of port number 3 data; ports number 4 through 
number 8, however, can cause further interrupts. 

If it is necessary to guarantee that no data is ever lost, a slight 
modification places the conversion cycle under the control of 
the CPU. This is done by tying the reset inputs of the status 
flip-flops to the INITIATE CONVERSION inputs of the 
corresponding 8700's. The process of resetting the status 
flip-flop after the port has been read will cause the cycle to 
restart. This has the effect of holding the data on the output 
latches of the 8700's until it has been read. 

INCREASING THE THROUGHPUT 

If a great deal of data manipulation is to be done by the 
8080A or a large number of 8700 input ports are to be 
connected to the bus, it is possible to feed data to the system 
faster than it can be processed. If the analog inputs on some of 
the ports are changing slowly, additional logic can be added to 
increase the effective capacity of the system. This involves 
adding a latching output port with the same address as the 
8700 input port corresponding to it. (See Fig. 5) After the 
input port is read initially, an output instruction to the same 
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address causes the data to be duplicated in the 74175 latches. 
The open collector feature of the 9386 allows them to be 
collector-ORed; logic ones at all of their outputs signify that 
the data in the 8700 latches matches that in the output port. 
This condition means there has been no change in the analog 
input voltage and there is no need to reprocess the data. If one 
of the bits of the 8700 does not match the corresponding bit 
in the 74175, a zero will be produced on the outputs of the 
9386. This will deliver a clock pulse to the 7474 status 
flip-flop which will in turn interrupt the 8080A. From this 
point the operation is similar to the system already discussed. 

D/\TA 
VALllJ 

~'"~>o--l'"'" I 

Figure 5. Significant Change Interrupt for 8700 Input Port 
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RATIOMETRIC APPLICATIONS 
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ANALOG PEAK DETECTOR WITH DIGITAL HOLD 
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Analog peak detection is accomplished by repeatedly 
measuring the input signal with an AID converter and com
paring the current reading with the previous reading. If the 
current reading is larger than the previous, the current 
reading is stored in the latch and becomes the new peak 
value. Since the peak is stored in a CMOS latch, the peak 
can be stored indefinitely. 

The TELEDYNE 8700 AID converter measures the analog 
input at a 1 KHz rate and computes the binary value of the 
input. After each 1 ms measurement, the binary value is 

ched in the output of the AID. This value is then presented 
to both the 4585 comparators and the 4508 8-bit latch. If 
the A/D's value is greater than that of the 4508 memory, pin 
13 (A> B) of the 4585 goes high. This allows the strobe 
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pulse to go through the 4001 NOR gate to the 4508 
memory. The new value is then stored and becomes the 
reference for subsequent readings. Each time the A/D has 
a value greater than that stored in the latch, the latch is up
dated with the larger peak. The system is reset by pulsing 
the 4508 reset pin high, causing the output to go to 0000 
0000. 

This system uses an 8-bit AID to give 0.4 % resolution. If 
greater resolution is required, the 8700 can be replaced by 
the 8701 (10-bit) for 0.1 % resolution or the 8702 (12-bit) for 
0.025% resolution. Since this will require 10or12 bits to be 
compared instead of 8, the memory and comparator need 
to be expanded by adding one additional 4508 and one 
4585. 
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8-CHANNEL DATA ACQUISITION SYSTEM 
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A low-cost data acquisition system with 8 inputs and 8 bits 
(0.4%) of resolution at the ouput can be built by using the 
TELEDYNE 8700 CMOS AID converter and adding the 4051 
8 channel CMOS multiplexer and the 4024 binary counter. 

Each input is measured for 1 ms, then the digital value is 
placed in the output latch and remains for 1 ms while the 
next input is being measured. After each 1 ms measure
ment (conversion), the data valid line goes low for 5µ s to 
indicate that the output latch is being updated. (The data 
must not be read during this period.) The negative edge of 
the data valid pulse is used to advance the binary counter 
by one. So after each conversion the 4051, via the 4024, 
automatically advances to the next input. The sampling se
quence is therefore V1, V2,. .. V7, VO and then back to V1. 
The 8700 resets itself for 2.5µs after the data valid pulse so 
the analog switch has a total of 7.5µs to settle down. This is 
more than adequate to assure that the AID will ignore any 
switching transients. 

For the circuit shown,-the input voltage range is limited by 
the4051to±5 volts (Voo. VEE). If more input.voltage range 

20 

-------TH~~~~~~TE 
21 19 

IC VDD 

llN "' ... 
TELEDYNE 

8700 
B BIT AID 

GND 

IREF 

24--------0 BIT 

t-----•O 
12 

11 

10 

S DATA VALID 

23 

DIGITAL 
DATA 
OUTPUTS 

LJ---i..r- BINARY COUNTER 

CLK 
1-1_2 __ -+_ : I ADDRESS 4024 

+SV 14 VDD 

R 
11 OUTPUTS 

1---..-+-+-C 

is needed, then Vss and VEE can be increased or the 1 Mn 
resistor can be replaced by individual resistors in front of 
each analog input. The exact value of each resistor is deter
mined by dividing the maximum input voltage by 5µA. 
(RIN = Vmax + 5µA). 

The 950K and 100K resistor are used to provide an offset 
current of 5µA, allowing the analog input voltage to be 
negative as well as positive. If the input voltage does not 
go negative, then these two resistors can be deleted. 

By adding additional 4051 's, the number of analog inputs 
can be increased in multiples of eight. The additional 
binary outputs of the 4024 are then simply decoded to con
trol the inhibit (1) input of each 4051. 

If three-state outputs are needed for interfacing to a data 
buss, then the 8700 can be replaced by the 8703. The 8703 
is identical to the 8700 except that the digital data outputs 
are three-state outputs controlled by pin 24 (ENABLE). 
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APPLICATION NOTE 9 

8700 PC BOARD METAL PATTERN 
PC BOARD FOR 1, 8, 16 CHANNEL DATA ACQUISITION SYSTEM 
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::::> 
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Note: PC board can be ordered from Teledyne as part #8700PC. 
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TSC8700 
STANDARD TEST CIRCUIT 

ASSEMBLY INFORMATION 

APPLICATION NOTE 9 

A/D WITH 8-CHANNEL ANALOG INPUT SELECTOR 

17-18 



APPLICATIONS OF THE TSC8700 
SERIES CMOS AID CONVERTERS 

ASSEMBLY INFORMATION 

8-CHANNEL DATA ACQUISITION SYSTEM 

16-CHANNEL DATA ACQUISITION SYSTEM 
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TSC8700 

Ref# 

IC1, IC2 
IC3 
IC4 
IC5 

C1 
C2 
C3, C4, C5 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
RS 
R9 
R10 

APPLICATION NOTE 9 

PARTS LIST 

16 CHANNEL DATA ACQUISITION SYSTEM 

Part Number 

4051 
8700TYPE 
4024 
4011 

68pF ± 10% 
270pF ± 20% 
0.1µF ± 20% 

* 953K ± 1 % 
* 100K ± 10% 
* 1 Mf! ± 1 % 

100!'! ± 10% 
20K ± 10% 
100K ± 5% 
1K ± 5% 
100K ± 10% 

* 20K ± 10% 
* 243K ± 1 % 

Description 

CMOS- 8 CHANNEL ANALOG SWITCH 
CMOS - TELEDYNE AID CONVERTER 
CMOS - 7 bit BINARY COUNTER 
CMOS - QUAD 2-INPUT NANO GATE 

Low leakage mica, ceramic, etc. 
Ceramic, mica, etc. 
Ceramic, mylar, electrolytic, tantalum, etc. 

Carbon, carbon film, metal film, etc. 
Trimmer resistor 
Carbon, carbon film, metal film, etc. 
Carbon resistor 
Trimmer resistor 
Carbon resistor 
Carbon resistor 
Carbon resistor 
Trimmer resistor 
Carbon, carbon film, metal film, etc. 

*The stability of these components directly affects the accuracy of the overall system. Choose components whose 
stability is consistent with the accuracy and temperature range required. For example, if an 8-bit AID is used at a constant 
temperature, then 5% carbon resistors may be adequate since an 8-bit A/D's resolution is only 0.4%. However, if a 12-bit 
AID (0.025% resolution) is to be used over the -55°C to+ 125°C temperature range, then these components will be very 
critical and should have a stability of 5 to 15 ppm for fixed resistors and 25 to 50 ppm for variable resistors. 

The following parts list of possible suppliers is intended to be of assistance in putting a converter design into produc
tion. It should not be interpreted as a comprehensive list of suppliers, nor does it constitute an endorsement by Teledyne 
Semiconductor. 

TYPICAL COMPONENT SOURCES 
FOR PRECISION APPLICATION 

A. Precision fixed resistors 

Value 

243K 
953K 
1 Mf! 

Toi. 

±1% 
±1% 
±1% 

B. Variable resistors 

20K/100K ± 10% 
20K/100K ± 10% 

C. Capacitors 

68pF ±10% 
68pF ±10% 
68pF ±5% 

Typical Source 

Mepco/Electra 
Mepco/Electra 
Mepco/Electra 

Mepco/Electra 
Spectrol 

Union Carbide 
Union Carbide 
Corning 

Type 

5033R 
5033R 
5033R 

8035 
43P 

Temp. Coeff./°C 

± 5ppm/ ± 25ppm/ ± 100ppm 
± 5ppmi ± 25ppm/ ± 100ppm 
±5ppm/±25ppm/±100ppm 

± 100ppm 
± 100ppm 

C114K680K1X1CA ±800ppm 
C114G680K565CM ±30ppm 
CY06C680G ± 25ppm 
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-AP_P_L~IC-AT_1_0N_s_o_F_T_H_E_T~s-ca_1_00~~~~~~~~-I~~8700 SERll;S CMOS AID CONVERTERS 

DESIGN INFORMATION 

1. AVOID INTRODUCING ERRORS: 

Proper design procedures are necessary to obtain best 
accuracy from 8700 series converters. 

a. Do not route logic signals under the 8700 or near any 
of the three analog terminals l1N. IREF• and Zero Ad· 
just (pins 13, 14, 15, 16). 

b. Plan your grounding. Keep the analog ground 
isolated from the logic ground by making the two 
electrically common 0nly at the system ground. 

c. Filter the supply voltages by using bypass capacitors 
of value 0.1µF or greater connected in shunt between 
the supply line and the logic ground (pin 20). Locate 
the capacitors as close as to the 8700 as practical. 

d. Provide a reference as stable as the conversion ac
curacy you expect. Remember: 

DIGITAL COUNTS = Jlli_ •A = V1N + R1N •A 
IREF VREF + RAEF 

The conversion accuracy is a direct function of the 
VREF· In terms of VREF voltage regulation, the 8-bit 
requires ±.04%, the 10-bit, ±.01%, the 12-bit, 
± .0025%, and the 31/2 digit BCD, ± .005%,to in
troduce less than 1110 LSB error. 

e. Choose a full scale voltage range as large as possi
ble; this will minimize the effect of zero drift and in
put noise. For example, a 50µV zero drift or noise 
voltage on the 8701 (10-bit) will produce a ± 1/2 LSB 
error at 500mV full scale, but only ± 1140 LSB at 10V 
full scale. 

2. OTHER SUGGESTIONS FOR IMPROVING PERFOR· 
MANCE: 

a. For C1NT· virtually any type of non-p0larized 68pF 
± 10% is acceptable. Locate as near to the converter 
as possible and away from noisy lines. 

b. Locate RDAMP and CDAMP as near the converter as 
possible and away from noisy lines. The value of 
RDAMP = 10011 and CDAMP = 270pF are nominal; 
these two elements stabilize the input op amp to pre
vent oscillations. 

3. CAUTION: WHEN USING ZENERS, OP AMPS AND 
VOLTAGE REGULATORS: 

17-21 

These devices are often used as input amplifiers, 
voltage references and power supplies for AID con
verters. It is worth noting that these devices can 
generate quite a bit of "High Frequency" noise. 
Normally, this noise does not interfere with the opera
tion of the AID converter. However, excessive noise 
from zeners, used as voltage references tor example, 
have been found to be the cause of strange counting se
quences and non-linear AID operation. It should 
therefore be standard practice to bypass all zeners and 
voltage regulators with at least Q, 1 µF capacitors. (If the 
zener is exceptionally noisy, 1 to 10µF capacitors may 
be required. Remember that zeners are often l!Sed as 
white noise sources in noise generators.) 

If erratic operation is still observed, then either the op 
amp's feedback resistor or the output should be bypass
ed. Note also that the noise level of zeners, op amps and 
voltage regulators varies from lot to lot and especially 
from one manufacturer to another. Bypassing these 
devices during the design stage will prevent the noise 
level variation from becoming a possible production 
problem. 

II 
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APPLICATIONS OF THE TSC8700 
SERIES CMOS AID CONVERTERS 
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TSC8700 
APPLICATION NOTE 9 

NEGATIVE SUPPLY GENERATOR 
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OUTPUT VOLTAGE VS OUTPUT CURRENT 

4049 
HEX INVERTER 

A negative voltage !cir Vss and VREF can be generated 
from the positive supply by using a hex inverter as a free 
running oscillator to drive a voltage doubler. The five in· 
verters are paralleled to provide a low output impedance. 
Since the 4049 is a standard 4000 CMOS part, the circuit 
can be operated from 3 to 15 volts. 101<F capacitors were 
used in order to minimize output ripple at low V + voltages. 

101,F 1011F 
+ + V% V+-rifL IN4148 IN4148 

0-

f. 8KHz 
Vo 

101!F 1/2Vo 101(F 10-

Voltage Doubter 

When higher input voltages (V +) are available the 101<F 
capacitors can be lowered to 1 or 0.11<F depending on the 
output loading. If this circuit generates more voltage than 
is needed, one half of the diodes and capacitors can be 
eliminated to reduce cost. The output voltage will then be 
one h.alf of that shown in the graph and is available on the 
negative side of the 101<F capacitor connected to ground. 

TSC8700 SERIES CONNECTION DIAGRAM 
•5V 

8700-8750 

l>5V 

20 K 

5 v 

100 K 

ZERO 
ADJUST I 

20J"At 

*r1e to Voo for free run mode 

Voo. V55: 3.5V to 7.0V 

19 

VREF 5V 

The Teledyne Semiconductor 8700 series are integrating 
AID converters. These are available with 8·, 10·, or t2•bit 
resolutions, with o( without three-state outputs, and 
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BINARY OUTPUTS 

THREE STATE· ENABLE 

10 BIT 

8~00 8701 8702 
8703 8704 8705 

12·BIT 

BCD OUTPUTS 

A} THOUSAND 

i} HUNOREOS 

n TENS 

nUN<TS 

A) 
8750 

also In a 3112 digit parallel BOC format. Individual data 
sheets are available from Teledyne Semiconductor. 
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APPLICATIONS OF THE TSC9400 
VOLTAGE TO FREQUENCY 
FREQUENCY TO VOLTAGE CONVERTER 
By Michael 0. Paiva 

TSC9400 
APPLICATION 
NOTE 10 

RATIOMETRIC MEASUREMENT 
(ANALOG DIVISION) 

OUTPUT= N ~ 
V2 

One of the most difficult circuits to build is one which will 
divide one analog signal by another. Two V /F converters can 

do such division with ease. The numerator is counted directly 
as a signal, while the denominator forms the time base. 

RPM/SPEED INDICATOR 

SPEED 
SENSOR 

(OPTICAL OR MAGNETIC) 

9400 
F/V 

Flow rates and revolutions per second are nothing more than 
frequency signals since they measure the number of events per 
time period. Optical and magnetic sensors will convert these 
flows and revolutions into a digital signal which in turn can be 

ANALOG DI SPLAY 

~ 
RPM 

DVM DISPLAY 

converted to a proportional voltage by the use of an F/V 
converter. A simple voltmeter will then give a visual indication 
of the speed. 

MOTOR SPEED CONTROL 

V+ 

lSPEED SET 

.--JV\'V--~ 

9400 
F/V 

The motor's speed is measured with the F/V, which converts 
RPM into a proportional voltage. This voltage is used in a 

m 
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negative feedback system to maintain the motor at the con
trolled setting. 
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APPLICATION NOTE 10 

PROPORTIONAL FLOW RATE CONTROLLER 

VALVE 

VALVE 

FLOW RATE 
DETECTOR 

FLOW 
SET CONTROL- I+--..--! 9400 

FIV LER 

METER 

A 9400 F/V can be used to regulate the amount of liquid or 
gas flowing through a pipeline. 

The flow rate detector generates a pulse train whose frequency 
is proportional to the rate of flow th rough it. The F IV con-

verts this frequency to a proportional analog voltage which is 
used to drive the valve controller. The valve controller regulates 
the valve so that the flow is steady even though pipeline pres
sure goes up and down. A voltmeter connected to the F/V 
output will indicate the actual instantaneous flow rate. 

TEMPERATURE METER 

TEMP 
PROBE 

50/60 Hz 

TEMPPROBES ~ ... 
A. THERMOCOUPLE~ 

A temperature meter using the voltage output of a probe, 
such as one of the three shown, can be economically and 
straightforwardly implemented with the 9400 V /F. The V /F 
output is simply counted to display the temperature. 

GATE~ 

LATCH __f1_____f1____ 

RESET~ 

C. TRANSISTOR 
JUNCTION 

For long distance data transmission, the 9400 can be used to 
modulate an RF transmitter. 
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APPLICATIONS OF THE TSC9400 VOLTAGE TO FREQUENCY 
FREQUENCY TO VOLTAGE CONVERTER 

AID CONVERSION WITH A MICROPROCESSOR 

There are two schemes that can be utilized to accomplish A/D 
conversion with a microprocessor: 

1. Depending on the number of digits of resolution required, 
VouT is measured by counting the V/F frequency for 1ms, 
10ms, 100ms, or 1 second. The final count is then directly 
proportional to the input voltage. (The microprocessor 
provides the time base.) 

2. V1N is measured by determining the time between two 

pulses (negative edges). The FouT signal is used as a gate 

µP DIGITAL 
OUTPUT 

for counting the microprocessor's clock. The final count 
will then be inversely proportional to the input signal. 

By taking the one's complement (changing 1's to O's and 
O's to 1's) of the final binary count a value directly propor
tional to the input will result. 

This technique will give a faster conversion time when 
resolution is very important, but dynamic range is limited. 

13 BIT A/D CONVERTER 

9400 
VIF 

TIME 
BASE 

BIT 12 1110 9 8 7 6 5 4 3 2 1 0 

A 13 bit binary or 4 digit BCD A/D converter can be built by 
combining the 9400 V /F with a counter, latch and time 

base. When the V /F is set up for 1 OK Hz full scale a 1 second 
time base will provide one conversion per second. 

4 DIGIT VOLTMETER W/OPTO-ISOLATED INPUT 

V• 

BATTERY OR 
TRANSFORMER -~ 

ISOLATED -c,.... 
SUPPL V 

The use of a frequency counter will give a display of the V /F's The opto isolator is used for transmitting the frequency so 
frequency which is directly proportional to the input voltage. that there is no DC path to the frequency counter. This is 

especially handy in medical applications where a voltage probe 
When the V /F is running at 1 OK Hz full scale, a 0.1 second time should not be directly connected to a human body. 
base will give 3 digit resolution with 10 readings per second. 
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LONG TERM INTEGRATOR WITH INFINITE HOLD 

9400 
V/F 

t 

Vo= fo V1Ndt 

BINARY 
OR BCD 

COUNTER 

I RESET 

This system will integrate an input signal for minutes or days 
and hold its output indefinitely. The data is held in a digital 
counter and will stay there until the counter is reset. Typical 

DIGITAL DISPLAY 

applications involve controlling the amount of surface metal 
deposited in a plating system or how much charge a battery 
has taken on. 

LONG TERM INTEGRATOR FOR BIPOLAR(+/-) SIGNALS 

1M!"l 

47K 500Kn 

ABSOLUTE VALUE CIRCUIT 

When the input signal is negative as well as positive there 
needs to be a way of generating "negative" frequencies. An 
absolute value circuit accomplishes this by giving the V /F a 

9400 
VIF 

g CICICI 
_I _I _I 

UP/DOWN 
COUNTER 

UPI 
DOWN 

RESET 

positive voltage only; and also telling the counter to count up 
for a positive voltage and to count down for a negative voltage. 

ANALOG SIGNAL TRANSMISSION OVER TELEPHONE LINES 

9400 
V/F 

TELEPHONE 
9400 
FIV Vour 

SYSTEM LINEARITY -0.03% 

The 9400's square wave output is ideal for transmitting analog 
data over telephone lines. A square wave is actually preferred 
over a pulse waveform for data transmission since the square 
wave takes up less frequency spectrum than a pulse waveform. 

The square wave's spectrum can be further reduced by use of 
low pass filters. 
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At the other end of the telephone line a 9400 F/V converts 
the frequency signal back into a voltage output which is 
linearly proportional to the original input voltage. 



APPLICATIONS OF THE TSC9400 VOLTAGE TO FREQUENCY 
FREQUENCY TO VOLTAGE CONVERTER TSC9400 

TELEMETRY 

9400 
V/F 

In a telemetry system the 9400 converts the analog input 
(V1Nl into frequencies (10Hz to 100KHz) which can be used 
to modulate an RF transmitter. 

At the other end a receiver picks up the RF signal and modu
lates it back into the 10Hz to 100KHz spectrum. A frequency 

RF 
RECEIVER 

counter connected to this signal will then give a count which is 
linearly proportional to the original analog voltage (V1Nl· 

If a linearly proportional analog output voltage is required, 
then the counter can be replaced by a 9400 used in the F/V 
mode. 

HIGH NCISE IMMUNITY DATA TRANSMISSION 

TWISTED 

~-~LE 
V1N == 

DIFFERENTIAL 
DRIVER 

When transmitting analog data over long distances it is advan
tageous to convert the analog signal into a digital signal which 
will be less susceptible to noise pick-up. 

In the above system the 9400 converts the input voltage into 

either a pulse or square wave which is transmitted on a pair or 
wires by use of a line driver and receiver. At the other end 
the original voltage (V1Nl can be digitally displayed on a fre
quency counter or converted back to an analog voltage by use 
of a 9400 F IV converter. 
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V2 

DC RESPONSE DATA RECORDING SYSTEM 

9400 
V/F 

9400 
VIF 

CASSETTE OR 
REEL TO REEL 

RECORDER 

9400 
F/V 

9400 
F/V 

APPLICATION NOTE 10 

v, 

Low frequency analog data (DC to 10KHz) can be recorded 
anywhere, stored and then reproduced. By varying the play-

back speed, the frequency spectrum of the original data can 
be shifted up or down. 

FSK GENERATION AND DECODING 

V+ V+ ! CENTER 
£FREQUENCY 

'"'ITT ;I " - Jll1HJUUlJlllil ~ 
~ 

1. FREQUENCY I OFFSET 

9400 
F/V 

DIGITAL 
OUTPUT 

~ , , 
Frequency shift keying (FSK) is a simple means of transmit
ting digital data over a signal path (two wires, telephone lines, 
AM transmitters or FM transmitters). 

Typically only two frequencies are transmitted. One corres
ponds to a logical "O" while the other corresponds to a logi
cal "1 ". 

A 9400 V /F will generate thBse two frequencies when con
nected as shown above. The potentiometer sets the V /F to 

, , 
the lower frequency. The digital input will then determine 
which frequency is selected. A "O" selects the lower frequency 
while a "l" selects the upper frequency. 

The digital frequency signal is converted back into a digital 
format by a 9400 used in the F/V mode. 

ULTRA LINEAR FREQUENCY MODULATOR 

V+ 

FREQUENCY 1CENTER 

"'"ii •• rn•oococooorno' ~ _/\_ .JLJ1JlfUllJfLf 

Since the 9400 is a very linear V /F converter an FM modu
lator is very easy to build. 

The potentiometer determines the center frequency while 
V1N will determine the amount of modulation (FM devia-

tion) around the center frequency. V1N can be negative as 
well as positive. 
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FREQUENCY TO VOLTAGE CONVERTER 

FREQUENCY METER 

F~·~ 
IN~ 

The 9400 will convert any frequency below 100KHz into an 

output voltage, which is linearly proportional to the input 
frequency. The equivalent frequency is then displayed on an 
analog meter. 

ANALOG METER 

If the incoming frequency is above 100KHz a frequency divider 

in front of the 9400 can be used to scale the frequency down 
to the 1 OOKHz region. 

TACHOMETER BAR GRAPH DISPLAY 

9400 
FIV 

A tachometer can be constructed by using the 9400 in the F IV 

mode to convert the frequency information (RPM) into a 
linearly proportional voltage. This voltage is then compared 
to one of n comparators (8 in this example). When the voltage 

DISPLAY 

0 

0 

• • • • • • 

TWO QUAD 
COMPARATORS 
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exceeds the trip point of a comparator the respective LED will 
light up and continue to stay lit as long as the voltage exceeds 
the trip point. This will give a bar graph type display with the 
height of the bar being proportional to RPM. Ill 



TSC9400 
APPLICATION NOTE 10 

FREQUENCY/TONE DECODER 

FREQUENCY SET 

The frequency or tone to be detected is converted into a 
proportional analog voltage by the 9400 F IV converter. The 
quad comparators sense when the voltage (frequency) exceeds 
any of the four preset frequency limits. A logical "1" at any 
of the five outputs indicates that the frequency is within those 
limits. 

This system is useful for determining which frequency band a 
signal is in or for remote control where each frequency band 
corresponds to a different command. 

FM DEMODULATION WITH A PHASE LOCKED LOOP 

''" FREQUENCY 
COMPARATOR 

The high linearity of the 9400 (0.01%) is used to greatly 
improve the performance of a phase locked loop, resulting in 

9400 
V/F 
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LOOP 
FILTER 

Vo 

very precise tracking of Vo with respect to FIN· 
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FREQUENCY TO VOLTAGE CONVERTER 

ANALOG DATA TRANSMISSION ON DC SUPPLY LINES (TWO WIRE TRANSMITTER) 

+ 
ANALOG 

INPUT 

REMOTE SENSOR 
1J1flf 

r-------------, 
I 
I 
I 
I 
I 

9400 
VIF 

L- _____ _:_ _____ .J 

By converting an analog voltage to a linearly proportional 
pulse train of short duration, it is possible to transmit this 
data on the same wires that are used to energize the V /F 
converter. 

The 9400 V /F shorts out the DC supply for 3µs out of 
each period. At 100KHz the supply line is down 30% of the 
10µs period. As the frequency is lowered the down time 
decreases so that at 1 KHz the line is down only 0.3% of 
the time. 

Two precautions are necessary to assure that the system does 
not stop functioning during the shorting period. At the power 
supply end a 1.2K resistor limits the current to 10mA on a 
15V supply line. This prevents the 9400 from being operated 
beyond its output rating and at the same time it prevents the 
supply from being shorted out. At the V /F end a capacitor 

9400 
F/V 

FREQUENCY 
COUNTER 

1.2 K 8-15V 

+ 

Analog Display 

Digital Display 

'3 '3 '3 '=' 

DC 
Power 

Supply 

is used to keep the 9400 energized while the diode keeps the 
capacitor from being discharged. 

Since the 9400 requires only 2mA of current, a lµF capacitor 
ensures a stable voltage (the ripple is only 6mV). Since the 
3µs pulses appear at the left side of the 1.2K resistor, it is 
easy to sense the signal here and convert the data back into a 
recognizable format. A frequency counter connected at this 
point will directly display the input voltage by counting 
the frequency. 

If an analog output is required, a 9400 in the F/V mode can 
be used to convert the frequency back into a voltage. The 
overall linearity is in the order of 0.03%, when both V/F and 
F/V are used. If only the V /F is used, then 0.01% linearity 
can easily be achieved. 

DIGITALLY CONTROLLED FREQUENCY SOURCE 

DIGITAL k SIGNAL DIA J-+ 
SOURCE "' 

This system generates frequencies which are controlled by a 
microprocessor counter, register, or by thumb-wheel switches. 

9400 
VIF 
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Applications for such a system include computer controlled 
test equipment and numerically controlled machine tools. 
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WIDE FREQUENCY RANGE PULSE GENERATOR 

V+ 

ADJUST 9400 
FREQUENCYf ,_"Nl.---r-:::::-o 

..__,_v_1F~. -Il~'hFo 

The 9400 V /F is useful in the laboratory as a portable, battery 
operated low cost frequency source. The 9400 provides both 
pulse and square wave outputs. By adding an Op Amp inte-

grater, a triangular waveform can also be generated. The 
outputs can be frequency modulated via the FM input. 

FREQUENCY MUL Tl PLIER/DIVIDER WITH INFINITE RESOLUTION 

Frequency scaling can easily be performed by first converting 
the incoming frequency into a proportional DC voltage. This 
is accomplished by using the 9400 in the F/V mode. Once the 
frequency is in a voltage format it is easy to scale this voltage 
up or down by use of a single potentiometer. The resultant 

Four 

voltage is then applied to a 9400 V /F which generates a pro
portional output frequency. 

Since the potentiometer is infinitely variable, the division/ 
multiplication factor can be any number, including fractions, 

(K1 is simply VOIFIN while K2 is FolV1N). 

FREQUENCY DIFFERENCE MEASUREMENT 

9400 
F/V 

9400 
F/V 

Frequency difference measurement is accomplished by using 
two 9400's in the F/V mode to convert both frequencies into 
two proportional analog voltages (V1 and V2). V2 is inverted 
by a unity gain inverter. V1 and -V2 are then added by the 
summing Op Amp to give a voltage proportional to the fre· 
quency difference between F2 and F 1 · 
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9400 
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Since the 9400 V /F input is actually the summing junction 
to an Op Amp, V1 and -V2 can be summed at the 9400 
input to generate a frequency output which is proportional to 
the difference between F 1 and F2. 



APPLICATIONS OF THE TSC9400 VOLTAGE TO FREQUENCY 
FREQUENCY TO VOLTAGE CONVERTER 

CONVERTERS SIMPLIFY DESIGN OF FREQUENCY MULTIPLIER* 

By using a programmable digital-to-analog converter in com
bination with frequency-to-voltage and voltage-to-frequency 
converters, this circuit can multiply an input frequency by any 
number. Because it needs neither combinational logic nor a 
high-speed counter, it is more flexible than competing designs, 
uses fewer parts, and is simpler to build. 

As shown in the figure, the V /F converter, a Teledyne 9400, 
transforms the input frequency into a corresponding voltage. 
An inexpensive device, the converter requires only a few ex
ternal components for setting its upper operating frequency as 
high as 100 kilohertz. 

Next the signal is applied to the reference port of the DAC-03 

d-a converter, where it is amplified by the frequency-multiplying 
factor programmed into the converter by thumbwheel switches 
or a microprocessor. The d-a converter's output is the product 
of the analog input voltage and the digital gain factor. 

R3 sets the gain of the 741 op amp to any value, providing trim 
adjustment or a convenient way to scale the d-a converter's 
output to a much higher or lower voltage for the final stage, a 
9400 converter that operates in the voltage-to-frequency mode. 
The 741 and R3 can also be used to set circuit gain to non
integer values. The V /F device then converts the input voltage 
into a proportionally higher or lower frequency. 

TELEDYNE 
9400 

FREOUENCY
TO-VOLTAGE 
CONVERTER 

DAC-03 
DIGIT AL

TO-ANALOG 
CONVERTER 

9400 
VOLTAGE-TO
FREOUENCY 
CONVERTER 

AMP 12 15 
OUT f--.....--10---f VREF (IN) 

Vss lMH 
-SV 

VREF 

lOOkn 

la1AS 

l1N 
100 kn 

20 kn ..,....,_,11\/'.,.....,_-l OFFSET 

2.2kS2 47 pF 

GND 
17 

-= REFouT 
18 

14 
Voo +15V 

16 v• +SV 
12 

-15V v-
11 

GND 
13 ANALOG 

GND 

DIGITAL 
GAIN 
FACTOR 
(PROGRAM
MABLE) 

REFouT 

COMPARATOR IN 

AMPLIFIER OUT 

o-----;Vss 

~-----tVREF 

100 kn 

s10 kn 
50 kn .r-vvv-..--..... OFFSET 

10kfl 

GND 

OUTGND 

-=14 
+5V---t>--------i Voo 

1okn 10 
OUT 

MSB"' MOST SIGNIFICANT BIT 
LSB "' LEAST SIGNI Fl CANT BIT rum fouT 

Circuit uses frequency-to-voltage-to-frequency conversion, with intermediate stage of gain between conversions, for multiplying input 
frequency by any number. Digital-to-analog converter is programmed digitally, by thumbwheel switches or microprocessor, for coarse 
selection of frequency-multiplying factor; 741 provides fine gain, enables choice of non-integer multiplication values. 

*Reprinted with permission from Electronics, October 12, 1978; Copyright ©Mc-Graw-Hill, Inc., 1978. All rights reserved. 

17-35 



Notes 

ENGINEER:------------------------- DEPT:----

PROJECT: DATE: -----

DESCRIPTION--------------------------------

17-36 



-----------------------------------------·--------

_..~TELEDYNE 

SEMICONDUCTOR 

DIGITAL METER APPLICATIONS 
INCLUDING KIT ASSEMBLY 
INSTRUCTIONS 

Instructions for the LCD and LED Kits 
Two kits are offered; the TSC7106 EV/Kit and the TSC7107 
EV /Kit. Each kit contains the appropriate IC, a circuit board, 
a display (LCD/TSC7106, LED/TSC7107), passive compo
nents and miscellaneous hardware. 

~---..----+-+--Jllll 
9V 

..,.,..TSC7106 

10 20 

Figure 1: TSC7106 with Liquid Crystal Display 

The TSC7106 and TSC7107 contain all the acive circuitry for 
a 3-1/2 digit panel meter on a single chip. The TSC7106 is 
designed to interface with a liquid crystal display (LCD), 
while the TSC7107 is intended for the light-emitting diode 
(LED) display. Both circuits contain BCD to seven segment 
decoders, display drivers, a clock and a reference. To build a 
high-performance panel meter, (with auto-zero and auto 
polarity features) it is only necessary to add a display, four 
resistors, four capacitors, and an input filter if required. 

•5V IN -5V 

: c: '=/. c:-------~ 

TSC7106/7107 

Assembly 

APPLICATION 
NOTE 11 

The circuit board layouts and assembly drawings are shown 
in Figure 17 (TSC7106) and Figure 18 (TSC7107). Pin strips 
are used to provide a low-cost socket. One IC board can thus 
be used to evaluate several IC's. Solder terminals are pro
vided for the first five test points and for the± 5 V input on the 
TSC7107 kit. A provision has been made for separating REF 
LO from COMMON when using an external reference zener. 
Provision has also been made for connecting an external 
clock. A value of 150 ohms is used for decimal point 
(TSC7107 EV/Kit). 

Liquid Crystal Display (TSC7106) 
The TSC7106 generates the symmetrical square wave to the 
back plane (B.P.) internally. The user should generate the 
decimal point from the plane drive by inverting the B.P. (pin 
21) output. 

In some displays, a satisfactory decimal point can be 
achieved by tying the decimal plane to COMMON (pin 32). 
This pin is internally regulated at about 2.8 volts below v+. 
Prolonged use of this technique, however, may permanently 
burn-in the decimal, because COMMON is not exactly mid
way between B.P. high and B.P. low. In applications where 
the decimal point remains fixed, a simple MOS inverter can 
be used (Figure 3). For instruments where the decimal point 

v• 

..,.,.. 
TSC7106 

TO LCD 
DECIMAL POINT 

Figure 3: Simple Inverter for Fixed Decimal Point 

l ,--lv~-1 

BP 21 I: D+-j -..~ r ' D-+- TO LCD 
,.'11111 DECIMAL 1 1 DECIMAL 

TSC7106 POINT ~ POINTS 

SELECT l : D+ 

v' 

' I 
TEST I 4030 1 

37l~-------L---~J\:No 
Figure 2: TSC7107 with LED Display Figure 4: Exclusive 'OR' Gate for Decimal Point Drive 
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TSC7106 
TSC7107 
must be shifted, a quad exclusive OR gate is recommended 
(Figure4). Note that in both instances .• TEST (pin 37, TP1) is 
used as v- for the inverters . .This pin is capable of sinking 
about 1 mA and is approximately 5 volts below v+. The B.P. 
output (pin 21) oscillates between v+ and TEST. 

Light Emitting Diode Display (TSC7107) 
The TSC7107 will sink 8 mA per segment. This drive pro
duces a bright display suitable for most applications. A fixed 
decimal point can be turned on by tying the appropriate 
cathode to ground through a 150 ohm resistor. The circuit 
boards supplied with the kits will accommodate either HP 0.3 
displays or the MAN 3700 types. Note that the HP has the 
decimal point cathode on pin 6, whereas the MAN 3700 has 
the decimal point cathode on pin 9. Not all the decimal points 
are brought out to jumper pads. It may be necessary to wire 
directly from the 150 ohm resistor to the display. For multiple 
range instruments, a 7400 series CMOS quad gate should be 
used. · 

Full-Scale Readings 
200 mV Full-Scale - The kits have been optimized for 200 
mV Full-Scale. The component values supplied are those 
specified in Figures 1 and 2. 

2,000 V Full-Scale - The component values in Table 1 
change the integrator time constant and reference and the 
auto-zero capacitor time constant. These extra components 
are not supplied in the kits. In addition, the decimal point 
jumper should be changed so that the display reads 1.999. 

Table 1: Component Values for Full Scale Options 

Clock 

Component 200.0mV 2.000 v 
(Type) Full Scale Full Scale 

C2 (mylar} 0.47 µF .047 µF 
R1 24Kn 1.5KO' 
R2 47Kn 470Kn 

'Changing R1to1.5Kn will reduce the battery life 
of the 7106 kit. As an alternative, the potentiometer 
can be changed to 25Kn. 

Setting the clock oscillator at precisely 48 kHz will result in 
the optimum line frequency (60 Hz) noise rejection (Figure 
5). Since the integration period is an integral number of the 
line frequency period, the RC oscillator supplied in the kit 
runs at approximately 48 kHz giving a measurement fre
quency of three readings per second. Countries with 50 Hz 
line frequencies should set the clock to 40 kHz by increasing 
the value of the 100 k ohm resistor across pins 39. and 40 to 
120 k ohms. 

An external clock can also be used. In the TSC7106, the 
internal logic is referenced to TEST. External clock wave
forms should therefore swing between TEST and v+ (Figure 

APPLICATION NOTE 11 

6A). In the TSC7107, the internal logic is referenced to GND 
so any generator whose output swings from ground to+ 5 V 
will work well, (Figure 6b). 

TSC7106n107 
·-~~-----, 

~100Kn 

T7 i 100pF 

l- :38 I..., 
$ : 

I I 

SVSTE~ : 
C!:.OE_K _ _ -- __ j 

Figure 5: TSC7106/7107 Internal Oscillator/Clock. 

-5V 

""'" TSC7106 TSC7107 

21 

a)7106 bl 7107 

Figure 6: External Clock Options 

Capacitors 
The dual slope technique cancels the effects of long term 
stability and temperature coefficient. The integration capaci
tor should have low dielectric loss. Inexpensive polyprope
lene capacitors have the low dielectric loss characteristics 
and are recommended. Mylar capacitors may be used for C1 
(reference) and C2 (auto-zero). 

Reference 
The voltage b.etween v+ and COMMON is internally regu
lated at about 2.8 volts. This reference is adequate for many 
applications. For improved performance use TSC7106A/-
7107A devices. 

For 200 mV Full-Scale, the voltage applied between REF HI 
and REF LO should be set at about 100 mV. For 2.000 V 
Full-Scale, set the reference voltage at 1.0.V. The reference 
inputs are floating, and the only restriction on the applied 
voltage is that it should lie in the range v- to v+. For calibra
tion, place 190.0 mV on input and adjust REF pot (R4) for 
1900 readout. 

17-38 

For greater temperature stability, an external reference can 
be added as shown in Figures 7a and 7b. 
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TSC7106 
TSC7107 

v• 

I•) 

REF HI 

v• 

6.8 VOLT 
ZENER 

v• 

~ ... 
TSC7106/6107 

REF HI 

REF LO 

COMMON 

(b) 

Figure 7: Using an External Reference 

Power Supplies 

v' 

TSC9491 

1.2 v 
REFERENCE 

The TSC7106 kit is intended to be operated from a 9 V 
battery. INPUT LO is shorted to COMMON, causing v+ to sit 
at 2.8 volts positive with respect to INPUT LO, and v- at 6.2 
volts negative with respect to INPUT LO. 

The TSC7107 kit should be operated from ±5 volts. Noisy 
supplies should be bypassed with 6.8 µF tantalum capacitors 
to ground at the point where the supplies enter the board. 

If a -5 volt supply is unavailable, a suitable negative rail can 
be generated locally using the circuit shown in Figure 8. 

CD4009 

~ ... 
TSC7107 

I I 

' ' , ____________ J 

v- -3.Jv 

Figure 8: Generating Negative Supply from +5 V 

Input Filters 
With the leakage current in the order of 1 pA at 25°C, high 
impedance passive filters may be used. The RC filter used in 
the evaluation kits (1 megohm - 0.01 µF) introduces a neg
ligible 1 µV error. 

Sources of Supply 
The following list of suppliers is intended to help with the 
development of production meters. It should not be inter
preted as a comprehensive list of suppliers, nor does it con
stitute an endorsement by Teledyne Semiconductor: 

Suppliers of LCD's 
1. Hamlin Inc., WI (414) 648-2361 
2. Crystalloid Electronics, OH (216) 688-1180 
3. Printed Circuits Integrated, CA (408) 733-4603 

. 4. IEE Inc., CA (213) 787-0311 
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Suppliers of LED's 
1. AND, CA (415) 347-9916 
2. Litronix Inc., CA (408) 257-7910 
3. Hewlett-Packard, CA (415) 493-1212 
4. General Instruments, CA (415) 493-0400 

Suppliers of Polypropelene Capacitors 
1. Plessey Capacitors, CA (213) 889-4120 
2. IMB Electronic Products, CA (213) 921-3407 
3. Elcap Electronics, CA (714) 979-4400 
4. TRW Capacitors, NB (308) 284-3611 

Preliminary Tests 
1. Solder flux or other impurities on PC boards may cause 

leakage paths between IC pins and board traces, reduc
ing performance. Rubbing alcohol or another appropriate 
cleaning agent should be used to remove impurities. 

2. In order to insure that unused segments on the LCD 
displays do not turn on, tiethem to the Back Plane pin (pin 
22). 

3. Auto-Zero - With the inputs shorted the display should 
read zero. The negative sign will be on about one half of 
the time, showing the input to be exactly zero volts. 

4. Polarity - A negative sign indicates a negative reading. 
No sign indicates a positive reading. 

5. Overrange-Forinputsgreaterthan Full-Scale, only 1 or 
-1 will be displayed. The three least significant digits will 
be suppressed. 

6. Calibration - The instrument should be calibrated at 
1900 counts by using a high-quality 4 1/2 digit DVM. 

Applications 
Input Attenuator 
There are times it is desirable to have full scale readings 
other than 199.9 mV or 1.999 V. To measure voltages greater 
than 2V, an input attenuator is needed as shown in Figure 9. 

The Full-Scale sensitivity is given by: 

R2 v,N (Full-Scale)= 1.999 VREF x ----
(R, + R2 ) 

It is important that R1 and R2 remain fixed for the calibration 
period of the instrument. Metal film resistors with good long
term drift characteristics, and low temperature coefficients 
are recommended. 

The input attenuator reduces the input resistance of the 
circuit from >1012 ohms to (R1 + R2). This places an upper 
limit of about 10 megohms on the input resistance that can 
readily be achieved when using an attenuator before the A/D 
input current causes offset errors. 

To measure Full-Scale voltage less than 199.9 mV, an opera
tional amplifier is used prior to the TSC7106/7 inputs. Note 
that the auto-zero circuitry within the IC can not take care of 
the op amp offset or voltage drift. For this reason the use of a 
low power low offset Op Amp such as the TSC900 is recom
mended . 
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TSC7107 
Figure 10 shows a circuit with ±20 mV Full-Scale and an 
input resistance greater than 10 megohms. 

For scale factors between 100 mV and 1 mV per least signifi
cant digit (LSD), simply determine the reference volta~e 
requTredfor the folfowh1g equation: 

V REF= (Voltage Change represented by one LSD) x 103 

For scale factors greater than 1 mV /LSD, the most straight 
forward approach is to use an input attenuator in conjunc
tion with a 1 volt reference. 

1---------------, 
EVALUATION KIT 

1M!> 

R2 

I 
I I L _______________ J 

Figure 9: Input Attenuator for V1N ~ 2.0 V 
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Figure 10: 

AC Voltage Measurements 
It is necessary to build an AC to DC converter to measure AC 
voltages with the TSC7106/7. Figure 11 shows a circuit used 
extensively in commercial 3 1/2 digit DVM's. The c;ircuit 
responds to the average value of the sinusoidal waveform 
and assumes low distortion. It has 10 megohms input impe
dance, 20 Hz to 5 kHz bandwidth, and is AC coupled to the kit 
introducing to DC errors. 

Multi-Range DVM's 
Two schemes commonly used are shown in Figures 12a and 
12b. Th.e circuit of Figure 12a has the advantage that any 
switch contact resistance appears in series with the 
TSC7106/7 input resistance. Since the input resistance is 
>1012 ohms, errors due to the switch are negligible. Preci
sion voltage attenuators (R1 through R5) are available from a 
number of manufacturers. Allen Bradley; for example, makes 
a thin film network which contains 1k,9 k, 90 k, 900 kand9M 

APPLICATION NOTE 11 

resistors in one package (FN207) - ideal for a five range 
voltmeter. However, it is less expensive to use medium preci
sion resistors in series with potentiometers fort.he attenua
tor. Then the schematic of Figure 12b has some of the advan-
tages because the resisto.rs in the attenuator are non
interactive. It is also more amenable to solid state range 
switching. An analog switch or FETs may be used in place of 
the mechanical switch. Then, by adding a couple of zener 
diodes (orordinarysilicon diodes in the case of a200mV F.S. 
panel meter) the solid state switch is totally protected 
against overvoltages. By contrast, the configuration of Fig
ure 12a exposes the switch to the full-input voltage, which 
may be several hundred volts. However, in Figure 12b the 
switch resistance forms part of the attenuator and could 
contribute an error. 

Resistance Measurements 
The ratiometric technique is used. The unknown resistance 
is put in series with a known standard and a current passed 
through the pair. The voltage developed across th.e unknown 
is applied to the input (between IN HI and IN LO), and the 
voltage across the known resistor applied to the reference 
input (REF HI and REF LO). If the unknown equals the stand
ard, the display will read 1000. The displayed reading can be 
determined from the following expression: 

Displayed Reading = R Unknown x 1000 
R Standard 

Figure 13 shows a typical measurement circuit. Note that due 
to its ratiometric nature, the technique does not require an 
accurately defined reference voltage. The display will over
range for R Unknown ;;,2 x R Standard. 

Current Measurements 
The use of a shunt resistor converts the current to a voltage. 
The relationship between the current and the displayed read
ing for the circuit of Figure 14 is found by: 

Displayed Reading = 

VREF 

When measuring current the 199.9 mV scale is used. This 
limits the voltage drop to 100 µV per count. A multi-range 
current meter circuit is shown in Figure 15. Note that 
although the input current passes through the selector 
switch, JR drops across the switch do not contribute to the 
measured voltage. 

Temperature Measurements 
A diode connected transistor may be used as the tempera
ture sensing element. V8E has a temperature coefficient of 
-2.1 mV /° C. A scale factor of 0.1° C/count may be obtained 
by setting the reference at 21 O mV. 

At 0°C and 100µA bias current, the diode connected trans
istor will have a forward voltage drop of approximately 550 
mV. A fixed 500 mV source is set up to offset the diode drop. 
In the circuit of Figure 16, adjust R5 to give 000.0 output 
reading with Q1 at 0° C. Then adjust for R4 for a 100.0 reading 
with 01 at 100°c. 
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DIGITAL METER APPLICATIONS 
INCLUDING KIT ASSEMBLY INSTRUCTIONS 

TSC7106 
TSC7107 

GND" =IN THE ABSENCE OF SPLIT SUPPLY OPERATION, 
"TEST" (PIN 37) CAN BE USED AS GROUND. 

Figure 11: AC to DC Converter 

200mV F.S. 

9M!l 

2V F.S. 

900K 

200V F.S. 

9K 

1K 

*CAUTION 

I EVALUATION KIT 
' ~ •••~REF = 100mV) 

~ :f 
I 
I 

IN LO 

L ______ _ 

HIGH VOLTAGES CAN BE LETHAL. PROPER OPERATING PRECAUTIONS MUST BE 
OBSERVED BY THE USER. TELEDYNE ASSUMES NO LIABILITY FOR UNSAFE 
OPERATION. 

Figure 12a: Multirange Voltmeter 

2V 
F.S. 

20V 
F.S. 

10MU 
INHI 

I 
I I 

*~ 
INLO 

,-----
1 EVALUATION KIT 

(VREF = 100mV) 

*200mV F .S, for all switches open. I 

L,----

Figure 12b: Multirange Voltmeter, Alternative Scheme 
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VOLTAGE ACROSS 
STANDARD 

o-----~---tREF LO 

o---+-----..----t IN HI 
I 

R UNKNOWN~ VOLTAGE ACROSS 
UNKNOWN ~"' TSC 

11osn101 

o------~---11NLO 

Figure 13: Resistance Measurement* 

DISPLAY 

(*Requires some modification to the kit) 

v,N = l1N Rs r - - - - - - - - - -

-l1N 

~: · EVALUATION KIT 

Rs 

I 
I 

~"' TSC 
7106/ 
7107 

L----------
Figure 14: Current Measurement 
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TSC7107 

200µA F.S. 

2mA F.S. 

APPLICATION N()TE 11 

r----:-------
1 Erv~~~~T,•~c:,~~T ----

ooon 

"" TSC 
~ 

eon 
20mA 

I) 200mA 

2A 

en 

.en 

.m 

7106/ 
7107 

L-----------

Figure 15: Multirange Current Meter 

22ki1 1MS1 

SCALE FACTOR ZERO 
ADJUST ADJUST 

Figure 16: Digital Thermometer* 
(*Requires some modification to the kit) 

7106 (LCD) 7107 (LEO) v+ T --c::r 40 OSC T 

{

01 E 2 39 osc2 
C1 1 3 38 OSC3 
81 4 37 TEST 

{UNITS) A1 6 36 REF HI 
FT 6 35 REF LO 
GT 7 34 CTREF 

(TENS){ ~i r~ H r?~rON 
A2 12 2e A/Z 
F2 13 28 BUFF 
E2 14 27 INT 

{
03 15 26 v-

(100's) ~ ~~ ~ g~ (TENS) 

E3 18 23 Aa } ITOO's) 
{1000) A84 1e 22 G3 

<M~Z~s> ~ 11ro'?~1~011 

Pin Configuration 
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DIGITAL METER APPLICATIONS 
INCLUDING KIT ASSEMBLY INSTRUCTIONS 

ACTUAL SIZE NOT SHOWN 

LEGEND: 
C1 0.1 Ml R1 24 K 1/4W 
C2 0.47Mf R2 47 K 1/4W 
C3 0.22Mf R3 100 K 1/4W 
C4 100 pf R4 1 K POT 
C5 O.Q1 Ml R5 1 M 1/4W 

ACTUAL SIZE NOT SHOWN 

5% 
5% 
5% 

5% 

TSC7106 
TSC7107 

Figure 17: TSC7106- Circuit Board Layout and Component Placement 
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TSC7106 
TSC7107 

TSC7107 LED DPM 

ACTUAL SIZE NOT SHOWN 

LEGEND 
C1 0.1 Mf 
C2 0.47 Mf 
C3 0.22 Mf 
C4 100 pf 
CS 0.01 Mf 

R1 24 K R2 47 1/4W S% 
R3 1 K 1/4W S% 

R 
00 K 1/4 W S% 

4 1 K POT 
RS 1 M 1/4W ' 
R6 1SO SYo !l 1/4W 5% 

APPLICATION NOTE 11 

F
• ACTUAL SIZE 

1gure 1s· Tse·· NorsHowN 
· 1101- c· . ircu1t Board L ayout and c omponent Placement 
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A SINGLE IC DIGITAL THERMOCOUPLE 
THERMOMETER USING THE TSC7106 

By Al Kadis 

Due to the extremely low input noise characteristics of the 
TSC7106/7107, the user may build a digital thermocouple 
thermometer with only one active component and fifteen 
passive components. With this circuit, both type J and type K 
thermocouples may be used. The type J will measure over 
the temperature range of 10 to 530°C with a conformity of 
±2°C. The type K will measure over a temperature range of 
0°c to 1000°c with a conformity of ±3°C. 

In operation, the TSC7106 provides all A/D functions includ
ing seven segment decoder, display drive, reference, and a 
clock. True differential low noise input allows the bridge 
circuit shown in Figure 2 with no other active components. 
This circuit will give a three month life when operated from a 
normal alkaline 9 volt battery. 

The circuit using a type J thermocouple will be discussed 
here. (The circuit for the type K thermocouple is similar 
except for the changing of component values and the 
replacement of the type J thermocouple with type K). The 
extremely low noise front-end of the TSC7106/7107 allows the 
IC to operate reliably at one-half its minimum reference volt
age specifications, approximately 50 microvolts per count. 

A thermocouple is made by the junction of two dissimilar 
metals. Figure 1 shows the type J (iron and constantan) 
thermocouple in a temperature measuring mode. 

IRON 

TC 2 

f CONSTANT AN 

CONSTANT AN 

TC 1 

IRON 

Figure 1. 

A voltage is generated as a function of the difference in 
temperature between the two iron - constantan thermo
couples - TC 1 and TC 2. If TC 1 is kept at a constant 
temperature (such as the freezing temperature of water), the 
voltage generated as a function of temperature of TC 2 is 
displayed in the normal type J thermocouple charts. The 
sensitivity at room temperature is approximately 50.4 µ V /° C. 

Figure 2 shows the circuit for a portable battery operated 
thermocouple thermometer using the TSC7106. The circuit 
uses six components in addition to those required for the 
standard TSC7106 circuitry. The TSC7106 is designed for 
normal 200 mV operation. Then the reference voltage is 
readjusted to 50.4 mV which corresponds to 1,000 times the 
one degree sensitivity of the type J thermocouple. 

Figure 2. 

TSC7106 
APPLICATION 
NOTE 12 

~If" TSC7106 

10 20 

Since the thermocouple reference can not be easily main
tained at a constant temperature, a circuit is used which 
provides a voltage that changes with temperature in an equal 
and opposite manner to the thermocouple. When combined 
with the thermocouple this has the effect of simulating the 
reference at a constant temperature over the normal ambient. 

MILLIVOLT 
SOURCE 

1 1 
DIGITAL J l 

THERMOMETER THERMOCOUPLE 

l 

I 
ICE WATER I I BATH I I I I I I 

' -/ 

Figure 3. 
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A SINGLE IC DIGITAL THERMOCOUPLE 
THERMOMETER USING THE TSC7106 

The circuit generating the compensating voltage is com
posed of 01, R6 and R7. 01 may be any small signal 
transistor. 

A voltage equal and opposite to that generated by the ther
mocouple occurs as follows: 01 base and collector leads are 
tied together allowing 01 to operate as a diode. In this mode, 
the forward voltage drop of the diod.e connected transistor is 
-2.1 millivolts per degree centegrade. R7 is returned to the 
TSC7106 reference. The junction of R6 and R7 will vary by 
the ratio of 

2.1 mV/°C - 7- 2-0- = 50.4 µV/° C. 
30,000 

One end of the thermocouple is attached to this point. The 
thermocouple reference and the transistor should be ther
mally bonded. In this manner, temperature changes of the 

TSC7106 
thermocouple will be compensated by the transistor and 
resistor divider R6 and R7. R8, R9and R10 form the other leg 
of a bridge. The 200 !1 pot (R9) center arm is fed to the 
negative or reference section of the input amplifier. The 
thermocouple output is fed to the positive section. 

Calibration is accomplished by the use of an ice water bath 
and millivolt source as shown in Figure 3. The. icewater bath 
is used as a 0° C reference. The millivolt source is used to 
simulate thermocouple temperature over the range of 10 to 
530° C. R9 is used for zero adjustment and R4 is used for 
full-scale. The thermocouple temperature curve is calibrated 
for best accuracy over the user's temperature range. Type K 
thermocouple is fabricated in a similar manner by changing 
the thermocouple type and resistor values and readjusting O 
and full-scale. The TSC7107 may also be used as a labora
tory thermometer with similar circuitry. 
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SEMICONDUCTOR 

TSC7135 MICROPROCESSOR 
INTERFACE 

By Wes Freeman 

Many data acquisition systems require both a visual display 
and a computer interface. The TSC7135 from Teledyne Semi
conductor is a 4-1 /2 digit Analog-to-Digital converter (ADC) 
which can easily provide both of these functions. The 
TSC7135's multiplexed BCD outputs interface easily to low 
cost LED or LCD decoder/drivers, such as the TSC7211 A 
(LCD) and TSC7212A (LED) orTSC700A (high-current LED). 
Also, the TSC7135's data outputs simplify computer inter
facing. 

This application note will present both the hardware and soft
ware required to interface the TSC7135 to a microprocessor. 
The circuit was developed for a 6502 µP and 6522 1/0 port, 
but the design can easily be modified for other µPs and 1/0 
ports. 

The TSC7135 has several features which make it an attractive 
choice for data acquisition where speed is not an overriding 
consideration. The analog features include: 
• High resolution ........................ 20,000 counts 
• High accuracy ............................. ± 1 count 
• Low roll-over error ........................ ± 1 count 
• Valid polarity at 000 reading (the+ and - zero states give 

an extra bit of resolution) 
• Negligible zero drift - definitely not the case with a bipolar 

DAG/SAR type ADC 

Timing Relationship Between TSC7135 
Outputs 

TSC7135 

OUTPUTSb 
BUSY • --END OF CONVERSION 

B1-B8~--~·--~--~--~--~--~ 
05 (MSD) 04 
DATA DATA 

05 

03 
DATA 

02 01 (LSD) 05 
DATA DATA DATA 

~~19~§~~NCE 

04----'c:JL-----------~rCOUNTS 

03------~C:]..___ ________ _ 
COUNTS 

---------~C:=J~-------D 2 COUNTS -

---------------'~L----01 COUNTS -
~Delay_ between BUSY going low and first STROBE 

pulse 1s dependent on analog input. 

Figure 1 
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• The dual-slope conversion method rejects 50 Hz, 60 Hz, 
and 400 Hz noise. 

• The ratiometric reference and differential inputs provide 
flexible transducer interfacing. 

The TSC7135 also has features that simplify system design: 

• Easy µP Interfacing 
• Ove rrange and underrange flags for autora nging and pro

cess control decisions 
• Operation from ± 5 V supplies, with only 10 mW typical 

power dissipation 
• TTL compatible outputs (1.6 mA sink current) 

The TSC7135 provides output signals which, together with 
one port of an LSI 1/0 chip, simplify a microprocessor inter
face. The relationship between the various TSC7135outputs 
is shown in Figure 1. The specific function of these outputs 
are as follows: 

TSC7135 Pin Function 
• B1-B8 

• DS5-DS1 

• STROBE 

• BUSY 

• POL 

•OR 

•UR 

BCD coded data is output on the B1-B8 
pins. 
Digit Select 5 (most significant digit) 
through Digit Select 1 (least significant) go 
high as data on B1-B8 becomes valid for 
that digit. 
For the firs! digit scan after a conversion 
STROBE goes low (for 1/2 clock period) in 
the middle of each digit strobe. After five 
pulses, STROBE stays high until the next 
conversion is complete. 
BUSY is high while the TSC7135 is in Inte
grate or Deintegrate phases of a conversion. 
The fa Iii ng of BUSY can, the ref ore, be used 
as an end of conversion signal. 
POLARITY is high if the analog input 
polarity is positive. 
OVER RANGE goes high if the analog input 
is greater than full scale (reading> 20,000), 
while UNDERRANGE goes high if the read
ing is 1,800 or less. 

The TSC7135 also has a RUN/HOLD input. If RUN/RO'DS is 
held low, the converter will remain in the auto-zero phase. A 
new conversion will not begin until RUN/HOLD goes high. 
This input can be used to generate conversions on command. 



TSC7135 
Interface Hardware 
The complete TSC7135 to SYP6522 interface schematic is 
shown in Fiqure 2. BCD data, POL, OR, UR, and DS5are con
nected to the 6522's PAO through PA7 inputs. The TSC7135's 
STROBE output interrupts the microprocessor via the 6522's 
CA1 interrupt. RUN/HOLD can be controlled by program
ming CA2 as an output. 

At first glance, the circuit may appear incomplete because 
digit selects DS4 through DS1 are not connected. However, 
DS5 is the only digit select required. As mentioned previously, 
there are only 5 STROBE pulses per conversion cycle, with the 
first STROBE occurring during DS5. The µP decodes the 
logical "AND" of DS5 and STROBE (DS5 • STROBE) as a 
conversion complete signal. 

If the µP finds (DS • STROBE) true upon responding to an 
interrupt, an "end of conversion" is assumed and assembling 
of BCD data from the TSC7135 begins. EacH of the next four 
interrupts will provide another BCD digit. The µP counts inter
rupts in a register and stores the corresponding BCD data in 
successive memory locations. After five STROBE pulses, all 
BCD data has been transferred to the µP and conversion is 
complete. 

One constraint of this interface method is that the µP must 
respond to each digit's interrupt before the next digit becomes 
valid. The 6522's CA1 input can be programmed to latch data 
into Port A, as well as provide an interrupt to the µP. Since 
latched data remains valid until the next STROBE pulse, the µP 
has the full interval between STROBE pulses to service each 
interrupt. STROBE pulses are 200 clock cycles apart. A 

APPLICATION NOTE 16 

TSC7135 clock frequency of 100 kHz will allow the µP two 
milliseconds (10 µsec x 200 clock cycles) to respond to each 
interrupt without losing data. 

Interface Software 
Software for the TSC7135 to 6502 interface can be divided 
into three routines: (1) Programming the 6522's Port A for 
latched input and interrupt from pin CA 1; (2) the interrupt 
service routine which actuallyacquiresand stores BCD data 
from the TSC7135; (3) display or manipulation of the ac
quired data. Figure 3 is a 6502 assembly language listing of 
the first two routines. An interrupt service routine flow chart 
is shown in Figure 4. Since the end of a digit scan leaves 5 
digits of BCD data in successive memory locations, the user 
will find the interface software easy to incorporate into a speci
fic display or manipulation routine. 

The 6522 1/0 port must be programmed before data can be 
received from the TSC7135. The code in Figure 3, beginning 
at location "SET-UP", writes data into the 6522's control regis
ters to enable the following functions: (1) Port A will be a 
latched input, controlled by input CA1; (2) CA2 will be an 
output, programmed high (TSC7135 in "RUN" mode); (3) In
terrupt enabled on the falling edge of CA1. The function of 
data written to each 6522 register is defined in Figure 5. 

When programmed for interrupt operation, the 6522 will pull 
its IRQ output low on the falling edge of each S'i'Rc5BE pulse 
from the TSC7135. Assuming interrupts are enabled, IRQ 
going low will cause the 6502 µP to load the address of an 
interrupt service routine from memory locations FFFE and 

TSC7135 to 6502 µP Interface Schematic 

20k 
>5V 

11 

V> 

100k 
REF IN 

+INPUT 

-INPUT 

REF CAP-

REF CAP+ 

INT OUT 
.47 µfd 

AZ IN 

BUFF OUT 

""'" TSC7135 

DIG GND 

24 

-::-

Figure 2 

13 
61 

B2 
14 

84 15 

16 
68 

OR 27 

UR 28 

POL 23 

05 12 

STROBE 26 

RUN/HOLD 25 

01 20 

02 19 

03 18 

D4 
17 

BUSY 21 

CLOCK lN 22 

V-

-5V 

2 PAO 

3 PA1 

4 PA2 

5 PA3 

6 PA4 

7 PA5 

8 PA6 
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40 CA1 

39 CA2 

NC 

NC 

NC 

NC 

NC 

CLOCK INPUT 
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FFFF. This routine will typically identify the interrupting 
device, determine its priority and jump to a program to service 
the interrupt. The user must provide software to vector inter
rupts coming from the T8C7135 to the service routine located 
at location "INTVEC" of Figure 3. The T8C7135 - 6522 hard
ware can accommodate interrupt service delays of up to two 
msec, so a relatively low-priority interrupt status can be used. 

6502 - Assembly Language Listing 

' ' ~ -T3~1~~5 ~iii~~F~~~ -~g~ ~ -6502-Mi CROPROC ESSOR------
; RESULTS ARE STORED IN 5 BYTES OF ZERO-PAGE 

~ ~~n~~y~I~~r~~~MJ~ ~IGl~c~n~~) "DIGSTOR" 

' ; USER MUST PROVIDE INTERRUPT VECTOR FROM 
; THI:: 6~22 'S CAl INTERRUPT TO A ROUTINE 
; AT "INTVEC" 

; -------------------------------------------------
!sET UP 6522 FOR INTERRUPT OPERATION 

~~~n~ :~88 8~~go ~~gg~E5~ ~S2~ 5~~T 1b~ k8nirNE 
~ORG 
LDA 
STA 
LDA E 
STA "RUN• MODE) 
LDA PT 

~~~ E~ 1~8M~o~ g~~~KTYgap~~§ifaii58R 
; TO MAIN PROGRAM 

' lBEGIN INTERRUPT SERVICE ROUTINE 

XSTOR : E~U 81 ; SAVE X REGISTER 

~~ge~R :~ 8 s~EO ;~~¥~·~E~fil'T~N~~l~UPT ROUTINE 
,0 G I~TVEC 

loA 10.l:'RT+l 
BPL NXTDIG 

BIT OVRBIT 

~~~ ~x~G 
STX XS TOR 

NXTDIG Lox 

OVRANG 

STA 
INX 

~~~ ~3~a 
BEO DONE 

RTI 

Lnx 
STX 
NOP 
NOP 
RTI 

' :END 

IOl 
XS TOR 

Figure 3 

ITS 
MEM 

'RTI' 

Once the 6522's interrupt has been recognized and vectored 
to location "INTVEC", a read of Port A loads the T8C7135 
data into the 6502 accumulator. Reading Port A also sets the 
µP's status flags and resets the 6522's interrupt flag. 

The µP now tests whether the accumulator contains the 
T8C7135's most significant digit by testing for 085 being 
high. Connecting 085 to PA? (M8B) of the 1/0 port allows 
testing 085 with a single branch on plus instruction. 

If 085 is high, this data signals the beginning ofa new display 
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TSC7135 
scan (i.e., an end of conversion has occurred.) The µP zeros 
its X index register, which will be used both tocountthedigits 
and to provide an offset for storing each digit in zero page 
memory. Register X is also stored in zero page memory at 
location X8TOR, since its contents will probably be lost upon 
returning from interrupt. 

An early indication of an overrange condition can be ob
tained at this time. A bit mask, stored in memory, is used to 
test fort he T8C7135's OVERRANGE output. If OR is high, the 
program branches to an error routine. An alternative for over
range testing is to wait until all digits have been scanned and 
then test bit 4 of any digit. 

TSC7135 to 6502 µP Interface Program 
Flow Chart 

Figure 4 

Interrupt 

Read Data 

Conversion Complete 
Process Data And/Or 

Display Result 

Retum From Interrupt 

No 

'" 

No 

Return From Interrupt 

• 



TSC7135 
If DSS is not high, or after register Xis zeroed, program execu
tion proceeds to loc11tion "NXTDIG". The BCD data is stored in 
zero page memory, beginning at location "DIGSTOR" and 
indexed by register X. After each digit is stored, register X is 
incremented and compared to five. If register X equals five, the 
digit scan is complete and data can be processed or displayed. 

6522 1/0 Port Control Register Functions 

APPLICATION NOTE 16 

Register X less than five indicates the digit scan is not com
plete, so an RTI instruction returns operation to the main 
program to await another digit strobe. Other programs can use 
memory location XSTOR as a "Data Valid" indication: if 
XSTOR = 5, then 5 consecutive memory locations begining at 
DIGSTOR contain the results of the latest TSC7135 conver
sion. 

DO 

x I x I x I 1 I= 01 (HEX) 

L "1" =ENABLES 
LATCHING 
ON PORT A 

,.....::.:.......-~-~-~-~~-~...;D;...;O~ INPUT 11 I 1 I 0 l=OEIHEX) 

D7 

NOTE: "X" =DON'T CARE 
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'1" = CA2 HIGH (7135 

"11" =ENABLE~ ~~~~i OUTPUT 

DO 

Q 0 I = 82 (HEX) 

ENABLE CA1 
INTERRUPT 
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SIMPLIFY A/D CONVERTER 
INTERFACE WITH SOFTWARE 

By Gary Grandbois & Wes Freeman 

Integrating ADCs featuring BCD outputs for display inter
face offer a number of excellent features as well as high reso
lution at a very low cost. These advantages which include 
auto-zeroing, sign-magnitude coding, noise averaging and 
high impedance inputs are also attractive for microprocessor 
based systems. Unfortunately many of the display-oriented 
A/D converters are difficult to interface due to the multi
plexed BCD format of the outputs. An exception to this 
problem is the 4 1/2 digit TSC7135 ADC which provides a 
"strobe" output. 

This output allows the number of 1/0 port pins required to 
interface a 4 1/2 digit analog to digital converter chip to a 
microprocessor to be reduced from 15 lines (see ref.) to only 
10 lines by counting the digit strobes in a software register. 
Besides freeing 1/0 pins for other applications, this method 
also results in slightly faster interrupt response because the 
µP does not have to loop while identifying each digit. Al
though the hardware and software shown are designed for 
the 8080, 8085 or Z-80, the same method can be applied to 
6502 or 6800 1/0 devices. 

-5 v 

VqEf 81 
13 

TSC04 82 14 

COM 
84 15 

88 16 

IN HI OR 27 
ANALOG 
INPUT UR 28 

POL 
23 

12 
OS5 1µfd 

STROBE 26 

RUN/ 25 

INT HOLD 
47µfd 

AZ 

BUF 

"'"'" TSC7135 

f ~ 100 kHz 

74C14 

Figure 1: TSC7135 to 1/0 Port Interface 
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Interface Hardware 
The complete TSC7135 to 18255A hardware interface is 
shown in Figure 1. The only digit strobe used is DS5 (the 
MSD), and the BUSY output is ignored. To understand why 
the other digit strobes are not required refer to the TSC7135 
output timing diagram in Figure 2. The STROBE output goes 
low five times per conversion cycle. The first STROBE pulse 
occurs in the middle of DS5, when BCD data for the most sig
nificant digit is available on outputs B1-B8. STROBE also 
pulses LOW during the following DS4 through DS1 signals, 
after which STROBE remains high until the next conversion 
cycle. Therefore, only one STROBE pulse occurs for each 
digit select, and each STROBE corresponds to a BCD digit in 
MSD to LSD order. To read the A/D converter's data the µP 
simply reads BCD data during each STROBE pulse and 
stores that data in memory locations that correspond to the 
number of STROBE pulses received. 

5V 

26 

Voe 
00 34 

PA1 01 
33 

01 

02 32 02 

PA3 03 31 03 

04 30 04 

PA5 05 29 05 

38 PA6 06 28 06 

37 PA7 07 27 07 

13 PC4 RD s 110 R 
11 

PCS 
WR 36 I/OW 

PBO RESET JS RESET 

P81 AO g AO 

P82 A1 B A1 

P83 

A2 

ADDRESS 8080 µp 
PBS cs DECODE 

P87 A7 

PCO 

PC1 PC3 INTERRUPT 

PC7 18255A 

GNO 
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TSC7135 
Synchronizing Data Transfer 
The microprocessor must be able to identify an end-of-con
version, so that each digit will be stored in its proper location. 
Since the TSC7135 has a BUSY output, the processor could 
simply monitor this output for end-of-conversion status. 
However, this method would require an extra input bit, as well 
as processor time to test for BUSY status. By using software 
to identify the end-of-conversion, both software and hard
ware can be simplified. 

In order to synchronize data transfer between µP and A/D 
converter, the µP tests the most significant bit of 1/0 port A 
for the presence of DIGIT STROBE 5(DS5). If DS5 is true 
then an end-of-conversion has occured. The data pointer is 
then initialized and assembly of five BCD digits begins. The 
next four STROBE pulses will find DS5 false, so the BCD 
digits are simply stored in successive memory locations. The 
fifth STROBE pulse signals an end of data transfer, so the 
user can display or manipulate the data as desired. 

02 

01 

81~88 

B D DATA OUTPUTS) 

05 (MSO) 
DATA 

NOTE ONLY S STROBE 
PULSES PER 
CONVERSION 

01 (LSD) 
DATA 

Figure 2: Timing Relationships Between TSC7135 Out
puts 

Initializing the 18255A 1/0 Port 
At power up, or after a microprocessor reset, the 18255A is 
initialized for unlatched (Mode O) input operation. In order to 
interface to the TSC7135, the 18255A must be programmed 
to latch data, and generate an interrupt, from Port A (Mode I 
operation). In addition, one bit of Port C can be utilized for 
controlling the TSC7135's RUN/HOCiS input, if conversions 
on command are required. 

Programming the 18255A is accomplished by writing data to 
the control register. Figure 3 outlines the function of each 
control bit. Writing "OB2H" to the control register, for exam
ple, configures Port A as a latched input, Port B as a non
latched input, and remaining Port C bits as outputs. 

APPLICATION NOTE 17 

In the Port A strobed input mode, bit PC3 becomes the inter
rupt output. In a large system with many interrupting devices, 
this output would typically go to a priority interrupt controller 
such as the 18259A. Smaller systems can simply use a single 
interrupt input, with polling in software to identify the source 
of the interrupt. To determine whether the TSC7135 has 
caused the interrupt in a polled system, Port A Input Buffer 
Full (IBFA) is tested for a HIGH state. If IBFA is high, then 
data has been latched into Port A by the TSC7135. Reading 
Port A will clear the interrupt and reset IBFA. 

Programming Port A for strobed operation will define bit PC3 
as an interrupt output, but a separate operation is required to 
enable the output. Bit PC4 is the interrupt enable bit for Port 
A. This bit must be set, using the Port C bit set/reset function, 
before the 18255A will respond to interrupts. 

The circuit of Figure 1 also shows the TSC7135's RUN/HOLD 
input controlled by bit PC6. Setting PC6 high will result in 
continuous conversions. When PC6 is low, the TSC7135 will 
remain in its auto-zero cycle. If PC6 pulses high, the TSC7135 
will perform a conversion, output the new data, and return to 
auto-zero. 

MODE SELECT WOAD. WRITE TO CONTROL REGISTER (ADDA X3} 

t__::: ~=~~;~:~;ION 
PORT C UPPER = OUTPUT 

------ PORT A= INPUT 
POAT A "' MODE 1 

'---------- 1"'SET6255 MOOE 

PORT C BIT SET/RESET: WRITE TO CONTROL REGISTER (ADDA X3) 

I O I XI XI x I A• I"' I Ao I o~i1 
1 -.--- L_. 1 =SET. 0 =RESET 

~PORT C BIT LOCATION 
'---------+ 0 =SET/RESET BIT IN PORT C 

8255 REGISTER ADDRESSES 

A, Ao READ WRITE NOTE· "X" = DON'T CARE 

PORT A PORT A 

0 1 PORT B POAT B 

' 0 PORTC PORT c· 

' ' 
NOT CONTROL 

'WITH POAT A IN STROBED MODE. PORT C OUTPUTS 

ALLOWED MUST BE ACCESSED WITH BIT SET1RESET 

Figure 3: 8255 1/0 Port Register Functions 
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SIMPLIFY AID CONVERTER 
INTERFACE WITH SOFTWARE 

Interface Software 
Listing 1 contains software for acquiring data from the A/D 
converter. Two separate routines are required to program the 
1/0 port and to respond to interrupts. Code at location 
"SETUP" will configure the 18255A for strobed input and 
enable Port A's interrupt. 

The user must provide software for vectoring interrupts from 
port A of the 8255A to interrupt service routine "SVC." As 
mentioned previously, "SVC" will test for digit strobe 5 being 
high (i.e. beginning of a new digit scan). If DS5 is high then 
data pointer HL is loaded with the digit storage address. 

If DS5 is not high, or after HL has been initialized, the BCD 
digits are stored in memory. If five digits have not been re
ceived, register HL is incremented to point to the next digit 
storage location. After five STROBE pulses, locations 
STORAG through STORAG +4 will contain five BCD digits 
that represent the latest TSC7135 conversion, plus sign, 
polarity, overrange, and underrange flags. 

; TSC7135 TO 8255 I/O PORT INTERFACE SOFTWARE, WITH 
;SIGN-MAGNITUDE TO 2•5 COHPLEt1ENT CONVERSION 

; CONFIGURE PORT A OF 8255 FOR STROBED INPUT AND 
; ENABLE I NTERRLIPT FROl1 PORT A 

; 
18255: EQU 0 ; 825:5 I /O PORT ADDRESS 

ORG 2000H ;CAN BE IN ROM OR RAl'I 
SETUP DI 

LD A~OB2H ; SET 82:55A FOR LATCtED 
OUT C 18255+3), A I INPUT ON PORT A 
LD A,ODH ;ENABLE INTERRUPT FROM 
OUT <18255+3) ,A ; PORT A 
LD A,09H ; TURN ON TSC7135 
OUT <19255+3) , A ; CRUN/HOL.J>=• RUN•) 
LD HL,STDR ;LOAD DATA POINTER WITH 
LD <COUNTR> , HL DATA STORE ADDRESS 
El 
JP HAJNPR ; JUttP TO UBER PROGRAM DR 

TO OPERATING SYSTEM 

; 
; INTERRUPT SERVICE ROUTINE---USER MUST 
; PROVIDE HARDWARE/SOFTWARE TO VECTOR 
; INTERRUPTS FROM THE 8255A TO THIS ROUTINE, 
;AND PROVIDE FOR SAVING REGISTERS AS REQUIRED 

SVC: IN 
OR 
JP 
LD 
LD 

NXTDG: LD 
LD 
LD 
SUB 
JP 
INC 
LD 
RET 

A, (18255> IGET TSC7135 DATA 
A ;SET FLAGS 
P,NXTDG JDS5:::0;NOT A NEW SCAN, 60 ON 
H....,STOR ;NEW SCAN, SO SET DATA POINTR 
CCOUNTR> ,HL ; TO 1ST DIGIT STOR LOCATION 
HL, <COUNTRJ ; LOAD STOR ADDR CF THIS DIBIT 
CHU ,A ; STORE BCD DATA 
A, L ; GET LO BYTE OF STORE ADDR 
ENDSTR.MOD.256;SUBTRACT ENDING ST~ ADDR-1 
P,BCD2BI ;DONE IF RESULT MINUS 
HL ; POINT TO NEXT ADDR 
<COUNTRJ ,HL ;SAVE STORE ADDR 

;RETURN TO l'IAIN PR06 

Listing 1: TSC7135 to TSC8250 Interface Software 

TSC7135 
Converting Multiplexed BCD Numbers to 
2's Complement Format 
BCD data is very convenient for driving LED or LCD displays, 
but 2's complement format is usually preferred for computer 
arithmetic operations. Listing 2 is a program which will con
vert five BCD digits to 2's complement. This program multi
plies the MSD by 10, adds the next digit, multiplies the sum 
again, etc., until all 5 digits have been converted. The sign bit 
is then tested and, if negative, a 2's complement adjustment 
(complement all data bits and add one) is performed. Finally, 
the 2's complement data is stored at location AD2SCM. 

; 
; BCD TO 2" S COMPLEl'tENT CONVERSION SOFTWARE 
; THIS ROUTINE CONVERTS 5 BCD DIGITS LOCATED AT 
;"STOR" TO 2" S COl'IP AND STORES RESt.R.. T AT • AD2SCW 

ORS 2040H 
BCD2Bl: LD HL,0000 IZERD HL REG 

LD BC,STDR ;POINT TD 1ST CttSOJ BCD DIGIT 
DIGIT: LD A, <BC> ;BET DIBIT 

AND OFH I MASK 053, POL, DR, AND UR FLAGS 
LD D,O ;ZERO D 
LD E,A ;DI6JT TO E 
ADD HL,DE ; 16 BIT ADD 
LD A,C ;LO BYTE OF DIGIT POINTER 
SUB ENDSTR.ttDD.256SCCM'ME TD ENDI IF DONE, 
JP P,DONE ; BC POINTS TD LAST DIBIT 
INC BC ;NOT DOtE 
ADD HL,1-L l"ULTIPLY HL BY 10;START 
PUSH HL WITH H....•2; SAVE ON STACK 
ADD HL,H.... OL•2J *2=HL*4 
ADD HL,HL TIMES 2 ABAIN=HL•B 
PDP DE GET BACK HL*2 
ADD HL,DE ; HL*8+HL*2"'+L•10 
JP DIGIT ; NEXT BCD DIBIT 

DONE: LD A, CBC) ; BC STILL POINTS TO BCD DIBJT 
AND 40H ;TEST 713S POL -IF POSITIVE, 
JP NZ,AD2CPL ;. ND 2'S COl1P CORRECTION REQ 
LD A,H ; RESULT NEB, SD DO A 2"6 COi.f' 
CPL ; CORRECTION BY CO'IPLEJ1ENTINB 
LD H,A I THE 13 BIT RESll... T IN H...., 
LD A,L AND COtFLEl'ENTINB TI£ 
CPL I SIGN BIT 
LD L,A ;RESILT NlW IS l"S CDl'IP IN HL 
INC HL IADD ONE FCR 2"8 CDPtPLEl1ENT 

AD2CPL: LD <AD2SCIO , 1-L ; STORE RESULT AND DONE 
RET 

; 
;RESERVE STORAGE FOR POINTER AND RESULTS 
I 

COUNTR: 
STOR: 
ENDSTR: 
AD2SCM: 

ORG 
DEFS 
DEFS 
EQU 
DEFS 

OBFFCH 
2 
5 
STOR+4 
2 

U'llJST BE LOCATED IN RM 
;STORAGE FDR DATA POINTER 
I STORAGE FOR 5 BCD DlGl TS 

Listing 2: BCD to 2's Complement Conversion Soft
ware 

Reference: 
Smith, M.F. Interface program links A/D chip with micropro
cessor Electronics Nov. 3, 1982 p. 124, 125 
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TSC7135 

INTERRUPT 

NO 

STORE BCD D!G!T, 
INCREMENT DATA 
POINTER 

NO 

RETURN 

YES 

YES 

INITIALIZE DATA 
POINTER 

DO BCD TO 2'S 
COMP CONVERSION 

Flowchart 1: "SVC" Interrupt Service Subroutine 

START 

YES 

YES 

DONE 

APPLICATION NOTE 17 

MULTIPLY 16 BIT 
ACCUMULATOR BY 10 

POINT TO NEXT BCD DIGIT 

COMPLEMENT SIGN BIT 
AND 15 BIT MAGNITUDE 

ADD ONE TO COMPLETE 
2'$ COMP CONVERSION 

Flowchart 2: "BCD2B1" 2's Complement Conversion 
Subroutine 

17-54 



~ir"TELEDYNE 

SEMICONDUCTOR TSC7211AM/TSC7212AM 
DISPLAY DRIVER 
MICROPROCESSOR INTERFACE 

By Wes Freeman 

TSC7211 AM/TSC7212AM 
Microprocessor Interface 
The TSC7211 AM and TSC7212AM are complete CMOS four
digit display drivers which greatly simplify microprocessor 
display interfaces. The devices contain data latches, BCD to 
seven-segment decoders, and either back plane and seg
ment drivers for liquid crystal displays (TSC7211AM) or 
current controlled outputs for LEDs (TSC7212AM). This 
application note describes interfacing these display drivers 
to popular microprocessors. 

TSC7211 AM/TSC7212AM µP 
Interface Inputs 
The TSC7211 AM and TSC7212AM need only eight inputs 
to transfer data from a µP to the display. Inputs are divided 
into four data inputs, two address inputs, and two chip 
selects. Input timing relationships are shown in Figure 1. 

BCD data for display is entered on inputs BO(LSB) through 
B3(MSB). Data inputs from OOOOB through 1001 Bare decoded 
to correct seven-segment representation, while data inputs , 
from 1010Bto 1110B are decoded to"-," "E,""L,""P," and"H" 
respectively. An input of 1111 B results in a blank display, which 
permits either individual digits or the entire display to be 
blanked under software control without external hardware. 

The digit select inputs (DS1 and DS2) selectthe digit written to 

TSC7211AM/ 
TSC7212AM 
INPUTS = ---~ 
f0RC'S":2) \~--~-~--~----

""" (OR CS"!) 

81-83 
DS1, 082 

100ns~I 10ns 
MIN I . __.. ~ MIN 

DATA ANO 
OSt, 052 
STABLE 

DATA .A.NC' 
051. 052 
STABLE 

Figure 1. TSC7211AM/TSC7212AM Input Timing 
Diagram 

APPLICATION 
NOTE 18 

when the chip select inputs become active. Normally DS1 and 
DS2 are connected to the low-order bits (AO and A 1. respec
tively) of the microprocessor address bus. The DS1 and DS2 
inputs must meet the same setup-and-hold-time limits as the 
data inputs. 

Chip select inputs CS1 and CS2 control data entry into the 
TSC7211AMfTSC7212AM. The two chip selects are inter
changeable, since they are logically "ORed" internally. In a 
typical application one chip select input connects to the 
READ/WRITE control line and the other chip select will 
connect to an address decoder. If only one chip select is 
required the remaining input should be tied to GND. 

Microprocessor Bus Interfaces 
Microprocessor bus structures can roughly be divided into 
two groups: the 6800-type, where data is guaranteed valid on 
a clock edge, and the 8080-type, where data is stable for the 
duration of a WRITE pulse. Since the TSC7211AM and 
TSC7212AM are specified in terms of data setup-and-hold
times, either processor type is easily accommodated. 

The 6800-type edge activated 1/0 is used on several popular 
microprocessors, such as .the 8048, 8085, 6809 and 6502. 
A timing diagram for the 6502 is shown in Figure 2, and a 
typical 6502 to TSC7211AM interface is shown in Figure 3. 
To transfer data to the display simply write data to the appro
priate memory location. 

6502 
~GNAL 

AO-.A.15 --~~~----~x~---
A/W 

r;:;;:\ 
080-087------1~1-----

Figure 2. 6502 µP Output Timing Diagram 
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TSC7211AM 
TSC7212AM 

APPLICATION NOTE 18 

+5V 

DO 1---------~'"-17 BO V+ 

1 211 

6502 µP 

01 28 81 

02 29 B2 

00 30 83 

AO 1----,---------=t 

A11-----------"-I 

Figure 3. TSC7211AM Interface to 6502µP 

The 8080 bus characteristics, shown in Figure 4, are shared 
by the Z-80, NSC800 and 8086, among others. A typical 8080 
to TSC7212AM interface is shown in Figure s; where the 
TSC7212AM is accessed as four 1/0 port locations. The8080 
can also treat the TSC7212AM as memory, in which case the 
full range of memory reference instructions can be used 
to transfer data to the display. 

8228/38 DBO 27 80 

BUS DB1 28 81 
CONTROL 

29 82 OB2 

OB3 30 B3 

I/OW 
34 es:; 

AO 31 051 

8080 µP A1 32 OS. 

33 -
CS1 

Figure 5. TSC7212AM Interface to 8080µP 
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""'"' TSC7211AM 

GND 
35 

G
At'.__ ___ '_'·-SE-G-ME_N_T-~ .- OUTPUTS 

OSC 36 NC 

SOEO 
SIGNAL 

AfJ-A15 

Note: For output pin description, see 
table on page four. 

= 
080- 087 ___ __.r;;;;;\,_ ___ ~ 

~ 
R/W u 

Figure 4. 8080 µP Output Timing Diagram 

t5V 

5 

V+ BAT 

""'"' TSC7212AM 

I 28-SEGMENT 
OUTPUTS 

GNO GNO 
35 38 



DISPLAY DRIVER 
MICROPROCESSOR INTERFACE 

Interfacing to Multiple LCD Displays 
LCD displays will be damaged if the display driver causes a 
DC voltage between the backplane and segment inputs. 
Therefore, display driver outputs must be synchronized if 
more than one driver is used with a display. TheTSC7211AM 
backplane outputs can be slaved together, permitting large 
LCD displays to be driven. 

The Z-80 indirect output instruction (OUT!) efficiently 
transfers data from a twelve-byte buffer in memory to three 
TSC7211AMs. The OUTI instruction transfers the byte data 
addressed by registers H & L to the output port addressed by 
reg C, then increments register HL and decrements the buffer 
count register B. A typical output routine is: 

Figure 6, for example, shows three TSC7211AMs driving two 
six-digit LCD displays to produce a date/time display in 
MM:DD:YY, HH:MM:SS format. Since the backplane outputs 
are synchronized, each display can be driven by two separate 
TSC7211AMs without any display degradation. The pro
cessor shown is a Z-80, and the displays are accessed as 
twelve 1/0 port locations beginning at address 80H. 

Transfer 

Loop1 

1------------------.--247 BO 

l-----------------+-+--248 61 
29 82 

30 83 

1---------------+-'l-l-+-+--3'-'-11 DS1 
1---------------+--t-r-t-t--+--342 DS2 

33 CS1 

!-"----+-+-+-+-+-++-~',' ~ 

LD C,7FH ; 1st 1/0 address - 1 
LD HL, 

Buffer Address ; 1st byte of data 
LD B, 12 ; Transfer 12 bytes 
INC c ; Point to next l/Oaddress 
OUTI ; Output byte; inc HL; dee B 
JR NZ, Loop1 : Next byte unless B = O 

_1+5V 
v+ 

TSC7211AM 

28-SEGMENT N 
OUTPUTS v 

6-DIGIT 

LCD 

DISPLAY rl BP GND OSC 

~··.,w 

t-+-"- BO 

~81 
29 82 

30 83 

....,-+-+-+--t-'"11 051 
......i-+-+--t-1-+-'342 052 

...... -+-+--+-+-r-+-'--<3 CSi 

'--l-+-++--1--;l-l-+~',4 CS2 
t---2-i BP 

~BO 
~B1 

29 82 

30 83 

L----j-"3.,1 051 

L-----+-'3"-12 052 

L------+-''"'la cm 

Figure 6. Multiple TSC7211AM Interface to Z-80 µP 
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_1+5V 
v+ 

14-SEGMENT ~ 
OUTPUTS v ~~ 

TSC7211AM >--~~~~ 

14-SEGMENT 1\ 
OUTPUTS v GND DSC 

_t+5V 

V+ 

~~ 
TSC7211AM 

28-SEGMENT \ 

OUTPUTS v 

BP 

BP 

6-DIGIT 

LCD 

DISPLAY 

!HAMLIN 

MODEL 3918 

OR EQUIVALENT> 
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TSC7211AM 
TSC7212AM 
TSC7211AM/TSC7212AM Pin Configuration 

D1 

C1 

B1 

A1 

OSCILLATOR 

GND 

CHIP SELECT 2 
{CS2) 
CHIP SELECT 1 
(CST) 
DIGIT SELECT 2 
IDS2) 

E2 31 DIGIT SELECT 1 
(DST) 

B3} F2 BZ DATA 

A3 
INPUTS 

B1 

B3 BO 

C3 F4 

D3 G4 

E3 E4 

G3 D4 

F3 C4 

A4 

Output Pin Description and Function 
OUTPUT TERMINAL FUNCTION 

A1 37 A Segment Dr. Digit 1 (LSD) 
81 38 8 

1 ! l C1 39 c 
D1 40 D 
E1 2 E 
F1 4 F 
G1 3 G 

A2 6 A Segment Dr. Digit 2 
82 7 8 

l ! C2 8 c 
D2 9 D 
E2 10 E 
F2 12 F 
G2 11 G 

F2 

A3 

B3 

C3 

D3 

E3 

G3 

F3 

A4 

OUTPUT 

A3 
83 
C3 
D3 
E3 
F3 
G3 

A4 
B4 
C4 
D4 
E4 
F4 
G4 
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TERMINAL 

13 A 
14 8 
15 c 
16 D 
17 E 
19 F 
18 G 

20 A 
21 8 
22 c 
23 D 
24 E 
26 F 
25 G 

D1 

C1 

B1 

A1 

GND 

GND 

CHIP SELECT 2 
(CS2) 
CHIP SELECT 1 
(CS1) 
DIGIT SELECT 2 
(052) 
DIGIT SELECT 1 
{DS1) 

::} 
B1 

BO 

F4 

G4 

E4 

D4 

C4 

DATA 
INPUTS 

NOTE: IF BRIGHTNESS 
CONTROL IS NOT NEEDED, 
CONNECT BAT (PIN 5)TO Vs. 

FUNCTION 

Segment Dr. Digit 3 

1 l 
Segment Dr. Digit 4 (MSD) 

! ! l 



'11"'TELEDYNE 
SEMICONDUCTOR BCD CONVERTER 

BCD ANALOG-TO-DIGITAL CONVERTER 
INTERFACE TO DOT MATRIX LEDs 

By David Gillooly 

Traditionally 3 1 /2 digit analog-to-digital converters have 
interfaced to seven segment LED or LCD displays. Conver
ters like the TSC7106A. TSC7126A and TSC7107A contain 
decoder/driver circuits to directly drive seven segment dis
plays. Devices like the TSC14433A and 4 1/2 digit TSC7135 
offer users greater flexibility since decoder/drivers are not 
contained on-chip. Output data is in a multiplexed BCD 
format. Information can be displayed on LED, LCD, vacuum 
fluorescent or incandescent displays as the application and 
environment require. Information can simultaneously be 
transferred to a microprocessor. 

The output 9ata latching, decoding, and drive functions for 
BCD output converters,however, require external MSI devi
ces such as theTSC700A, TSC7211A or MC14543/1413. The 
devices are inexpensive but do require additional board 
space. 

In measurement applications where high reliability, small 
size and excellent readability are needed, the Hewlett Pack
ard #5082-7356 dot matrix LEDs may be used. Within the 
LCD case is an integrated circuit display latch, decoder and 
driver. The numeric display font matches the style used in 
alphanumeric dot matrix indicators. Instrument front panels 
can be designed without resorting to mixed font styles. The 
LEDs have operating ranges from -20°C to +85°C. The fam
ily contains parts with -55°C to +100°C operating tempera
ture range. When matched with similarly specified conver
ters a very reliable, compact measurement and display 
module can be constructed for industrial and military appli
cations. 

A typical dot matrix LED interface is shown in Figure 1. The 
three LSD LEDs each contain a decoder, latch and driver. 
The one-half Digit MSD has only LEDs; two 4013 latches 
hold positive polarity information and the "1" MSD data. The 
TSC14433A encodes polarity information in the MSD BCD 
output as shown in Table 1. 
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In an overrange condition the data to the three LSDs is 
forced to all 1's through the 7432 OR gates. The HP#5082-
7356 LED display blanks when an all 1 's input is decoded. 
This added feature is at no additional cost since the gates are 
required as buffers to provide logic input drive to the LEDs. 
The MSD and sign bits are active in an overrange condition. 

A slight modification (Figure 2) causes the three LSD dis
plays to "blink" ON and OFF for overrange analog inputs. 
The over range bit (OR) remains low until an in range conver
sion completes. With OR= 0 the Blink FF set is removed. The 
end-of-conversion (EOC) clock causes the display to blink at 
one-half the conversion rate. This visual blinking indicates 
more forcefully a measurement channel has overranged. 
Each display also contains a decimal point for range 
formatting. 

Table 1: Half Digit And Polarity Coding 

CodedMSD Data 

03 02 

+O 1 0 

-0 0 0 

+OUR 1 

-0 UR 0 1 1 

+1 0 1 0 0 

-1 0 0 0 0 

+1 OR 0 1 

-1 OR 0 0 

Notes 
1. 03- 1/2 digit. low for "1", high for "O" 
2. 02- Polarity. "1"-= pos1t1ve, "O"-= negative 
3. OD- Out of range condition exists if 00"' 1. When used m con Junction with 

03 the type of out of range condition is indicated, 1.e. 03'=0->-0R or 
03=1.-UR. 

m 



BCD CONVERTER 

•5V 

24kn 

24 

0.1 µF -5V 

3 1/2 DIGIT MULTIPLEXED BCD OUTPUT AOC INTERFACE TO 
DOT MATRIX LEDs WITH DECODER/LATCHES 

HP5082 -7358 

APPLICATION NOTE 19 

7432 

(
BUFFERING ) 
& BLANK ON 
OVERRANGE 

3 

4 x 7 MATRIX 
LED WITH DECODERS/LATCH +S V 

NOTE: 
1. THE 3 LEAST SIGNIFICANT DIGITS 

BLANK DURING AN OVERRANGE 
CONVERSION 

Figure 1: 3 1/2 Digit Multiplexed BCD Output ADC Interface to Dot Matrix LEDs with Decoder/Latches 

Du 9 

"'" TSC Eoc 14 
14433 
ACL 

"BLINK FF" 

1 

TO 
"OR" 
GATES 

10 

13 

Figure 2: Flashing Display on Overrange 
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..-,f"TELEDYNE 
SEMICONDUCTOR 

TWO-DIGIT SERIAL INPUT LED 
DISPLAY DRIVER USING TSC9404 

By David Gillooly 

Many system applications require microprocessors to dis
play data on seven segment light emitting diode (LED) dis
plays. To minimize the number of input/output lines needed, 
a serial to parallel data bit conversion scheme can be used. 
The TSC9404 will perform a serial to 16-bit parallel output 
conversion. The TSC9404 outputs will each sink 
60 mA@ V SAT.;; 0.5 V for directly driving the LED displays. 

The sixteen outputs will drive two seven segment displays 
plus two decimal points or annunciators. A serial output 
allows devices to be cascaded for more digits. Two digits, 
however, are adequate for many event, switch position, per
centage and temperature display applications. 

A basic two digit display circuit is shown in Figure 1. The 
TSC9404 interfaces with a standard 6522 Versatile Interface 
Adapter (VIA) 1/0 chip. The 6522 communicates with a 6502 
microprocessor. The VIA chip is widely used since it con
tains two configurable 1/0 ports, and timers. It also contains 
an 8-bit serial input/output shift register. The VIA shift regis
ter is configured as an output with the shift rate set by the 
phase 2 system clock. Data latches are not needed on the 
TSC9404 as the high speed data transfer is transparent to the 
eye. Two output shift operations will fill the TSC9404 with 
data for display. 

Program operation is straight forward. (See program listing) 
The eight least significant data bits are loaded first from 
memory into the VIA shift register. The appropriate binary to 
seven segment display code is obtained through a table 
look-up (Table 1) procedure. The number stored in memory 
is the table offset. Hex or special symbol display characters 
are possible by expanding the table. The VIA automatically 
shifts eight data bits to the TSC9404. The program waits for a 
complete 8-bit transfer before obtaining the most significant 
digit data from memory. The wait state is implemented by 
testing the interrupt register shift complete flag bit with the 
shift register interrupt disabled. A memory map for the 6522 

TSC9404 
APPLICATION 
NOTE 20 

is shown in Table 2. The program/system was developed on 
a SYM-01 microcomputer board. 

If decimal point drive is desirable the program is easily 
modified: 

LDA 
ORA 
STA 
LDA 
ORA 
STA 

Table, X 
LSBDP; Add #01 for decimal point 
SR 
Table, X 
MSBDP; Add #01 for decimal point 
SR 

Similar programming techniques can be developed for 
alpha-numeric display using 14 or 16 segment LEDs. Bar 
graph displays are also possible. 

Table 1: Decimal to Seven Segment Conversion Table 

LED Segment 
Displayed Character a b c d e f g DP HEX Equivalent • 

0 11111100 FC 

1 01100000 60 

2 1101101 0 DA 

3 1 11 100 1 0 F2 

4 01100110 66 

5 10110110 86 

6 10111110 BE 

7 11100000 EO 

8 1 1 1 1 1 1 1 0 FE 

9 1 1 1001 1 0 E6 

"BLANK" 0000000 0 00 

* For decimal point add 01 to HEX code 

MONSANTO 6610 LED +5 V 

MSB ·a· ' ' 
g f ' d ' b ' 
7 12 5 6 8 10 11 9 

6522 3 4 5 6 8 9 10 11 

"'" TSC9404 

CB-1 t-----<CLOCK 
23 

LOGIC GROUND 

VIA 

Figure 1: High Current Serial 1/0 Port Expander 
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TSC9404 
APPLICATION NOTE 20 

Serial 1/0 Port Expander; Two Digit, Seven Segment LED Drive Program Listing 

I nstructlons 

Byte Byte Byte 
Address 1 2 3 Label Mnemonic Operand Comments 

200 A9 18 Display LOA #18 

202 80 OB AB STA ACR ; Shift out under 2 Control 

205 A9 80 LOA #80 

207 80 OE AB STA IER ; Disable shift register Interrupt 

20A AE 50 03 LOX LSB 

200 BO 00 03 LOA Table,X ; Convert LSB decimal digit to 
seven segment code 

210 80 QA AB STA SR ; Send LSB to shift register 

213 AD OD AB LSBTST LOA IFR ; Load shift register flag 

21S 29 04 AND MASK 

218 FO . F8 BEQ LSBTST ; Test for LSB shift completion. 

21A AE 51 03 LOX MSB 

210 BO 00 03 LOA Table,X ; Convert MSB decimal digit to 
seven segment code 

220 80 OA AB STA SR ; Send MSB to shift register 

223 AD OD AB MSBTST LOA IFR ; Load shift register flag 

22S 29 04 AND MASK 

228 FO F8 BEQ MSBTST ; Test for MSB shift completion 

22A so ATS ; Return from subroutine 

300 FC Table FC ; Seven segment code O 

301 so so 
302 DA DA 2 

303 F2 F2 3 

304 SS SS 4 

305 BS BS 5 

30S BE BE s 
307 EO EO 7 

308 FE FE 8 

309 ES E6 9 

30A 00 00 Blank 

Table 2: 6522 (VIA) Memory Map 

Address(Hex) • Register 

A80E IER - Interrupt Enable Register 

A80D IFR - Interrupt Flag Register 

ABOB ACR - Auxiliary Control Register 

A80A SR - 8-Bit Shift Register 

U28 On SYM-01 Single Board Computer 
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SEMICONDUCTOR 

TSC700A DRIVES LED 
DISPLAY FOR TSC14433 ADC 

By Wes Freeman 

The TSC700A high current driver chip can demultiplex the 
TSC14433 3 1/2 digit analog to digital converter data lines 
and drive an LED display. Because the driver powers the LED 
statically, the high transient currents associated with multi
plexed LEDs are reduced. Asa result, the design eases power 
supply and component layout requirements and minimizes 
the noise at the input. 

An added feature of the TSC700A is the guaranteed 11 mA 
minimum LED drive current. This is over twice the current 
available from comparable drivers. LEDs driven by the 
TSC700A will be very bright and readable, an important con
sideration when instruments use large character height dis
plays or operate in high ambient light environments. 

The TSC14433 is a 3 1/2 digit A/D converter which outputs 
data via four output pins (Oo - 03) and four data strobes 
(DS1 - DS4). The TSC700A contains four sets of 4-bit 
latches, BCD to 7-segment decoders, and static LED drivers 
with 11 mA current sink capability. 

Circuit operation for the three least-significant digits is 
straightforward. The TSC14433 puts data on the Oo - 03 out
puts and the appropriate digit strobe goes high, latching data 
into the TSC700A. 

Table 1: TSC14433 Data Output 

Coded Condition Binary-coded-
of Most Significant Decimal-to-Seven-
Diglt(MSD) Q3 Q2 Q1 Qo Segment Decoding 

+o 1 1 1 0 blank 

-0 0 0 blank 

+OUR 1 1 blank 

-0 UR 0 1 1 blank 

+1 0 1 0 0 4-1 hook up only 

-1 0 0 0 0 HJ segments b 

+1 OR 0 1 7-1 and c to MSD 

-1 OR 0 0 3-1 

Notes: 
Q,: 1/2 digit, low for 1, high for 0 
02: Polarity: 1 = positive, O = negative 
Oo: Out-of-range condition exists if Oo = 1; when used in conjunction with Q3 

the type of out-of-range condition is indicated; 
Q3 = 0 - OR or Q3 = 1 - UR 

TSC700A 
APPLICATION 
NOTE 21 

Obtaining the proper data for the half digit and polarity sign 
is more complex. Truth table 1 shows the TSC14433 data out
put when DS1 goes high. The data format was designed to be 
used with a discrete polarity-driver transistor and a BCD to 
7-segment decoder that blanks the display when an invalid 
BCD digit is input. Only Q3 and 02 are significant for the half
digit display, however, so a combination of these signals can 
be found to light the proper segments of the TSC700A. 

Truth table 2 shows the TSC700A display that results when 
02 of the TSC14433 is inverted and shifted to 01, and Oo and 
02 are always high. If outputs A 1 and C1 of the TSC700A are 
used to light the half digit, and output F1 lights the positive 
polarity indicator, then additional external LED drivers are 
not required. 

In the circuit, 02 is inverted by one half of the CD4013B 
D-type flip-flop and is then shifted to 01 by the 74C157 quad 
2-input multiplexer. When DS1 is low data passes through the 
multiplexer unchanged. With DS2 high, the inverted 02 
comes out instead on 2Y and both 1Yand 3Yaresethigh. The 
TSC700A decodes the inputs as shown in truth table 2 and 
the correct segments turn on. Because no segment is "on" for 
all possible inputs an external resistor is required to turn on 
the"-" segment of the polarity sign. 

A flashing display is useful for indicating overrange, and can 
be implemented with the remaining 4013 flip-flop. Normally 
the OR output (pin 15) of the TSC14433 keeps the flip-flop 
reset, enabling the TSC700A display. An analog input 
exceeding full-scale causes OR to go low, removing the reset. 
The flip-flop now toggles at the end of each conversion, 
causing the display to flash. 

Table 2: Decoded Output of the Display Driver 

Input to 
Coded TSC700A TSC700A 
Condition Output With Q2 Active Hall-
Of Most of Shifted to Q1 Segment Digit 
Significant TSC14433 And Qo, 02 = 1 Drivers Display 
Digit Q3 Q2 Ba B2 B, Bo 

-1 0 0 0 5 -I 
+1 0 0 0 7 +/ 
-0 0 1 blank 

+o 0 L + 
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APPLICATION NOTE 21 

+5V .., .... 
+5V +5V 

CLKO 

-=_,..,-=-_,7 Co1 
-=-0-'.1"'-F-"'a C02 

.., .... 
TSC14433 

31/2DIGIT 

HALF DIGIT 
AND SIGN MUX 

16 / 
+Vee 

1V 4 v 
2V 7 28 

3V 12 29 

4V g 30 

74C157 

DS11'1"'-9--l ...... --------+--------+--=t 
DS2~1~"--1-+--------1------------1 
083~1~7--1-+--------1------------1 
DS4~1~6--l-+--------+-----------I 

A/D CONVERTER 
11 CK 

1/2 CD4013 

1l" 12 

V+ 

BO 

81 

B2 

83 

~----5-t8RT 

13 Vss 
OR 

12 15 

10 

1/2 CD4013 

DU t-9=-------"-ICK 

EOC 14 

01-"---<>-----' 

DISPLAY "BLINKS" 
DURING OVERRANGE "::"' 

-5 V 10 µF 
+5 v -1+ 

..,...TSC7660 

35 
GND 

36 
GND 

LED DISPLAY 

A1 

81 

+I C1 

D1 

E1 

F1 .., .... G1 MONSANTO 

TSC700A -= MAN 6630 

A2 A(11) 

B2 8(10) ,, 
C2 CIBI 

D2 0(6) }m ,, LED 
E2 -F2 

G(7) 
13 14 

+5V 

LEJ>~~~kAV Al 2.50 13 14 
A(16) 

83 8(15) ,, C{31 

0(2) }m LED ,, 
E3 E111 
F3 F(18) -G(17) 

MONSANTO 

A(11) MAN 6610 

8(10) 

C(B) ,, 
0(61 }m LED 
E(5) ,, 
F(12) 

G(7J • -
4 N1,1mbers in Parenth,ses Denote Pin 
Connections for Monsanto Displays. 

Figure 1: TSC700A Gives 3 1/2 Digit ADC a Bright LED Display with Flashing Display on Overrange 



~~TELEDYNE 

SEMICONDUCTOR 

SOFTWARE COMBINES WITH CMOS 
LSI TO FORM 3 3/4 DIGIT DVM 

By Wes Freeman 

Single chip analog-to-digital (A/D) converters, with on-chip 
LCD or LED display drivers, have greatly simplified the 
design of sensor-to-human interfaces. However, the 3 1/2 
digit resolution (1,999 counts) typically offered is often 
inadequate. In particular, temperature systems suffer from a 
limit of 199.9 degrees farenheit with 0.1 degree resolution. In 
addition, direct drive outputs of single-chip converters make 
a microprocessor interface, which is often required for pro
cess control, very difficult. Finally, display A/D converters 
are usually limited to about three readings per second, which 
is sometimes too slow for systems applications. 

By combining a 13-bit, microprocessor-compatible, CMOS
LSI A/D converter with software and a CMOS display driver, 
you can expand the system's measurement range to "3 3/4" 

+S v +5V -5V 

_to 
2 16 

j_4-0 j,. 

CMOS LSI 
APPLICATION 
NOTE 22 

digits (4095counts). This system retains the low cost, low power, 
high accuracy and excellent noise rejection of the integrat
ing A/D converter, while providing both sign-magnitude 
binary and BCD data. In addition, the system A/D converter 
can operate at speeds up to 30 readings per second. Also, all 
of the interface functions can be performed by only one LSI 
microprocessor interface chip. Hardware and software 
shown are for a 6502 microprocessor, but other processor/ 
interface devices can also be accommodated. 

The hardware of the circuit is straightforward. Both A/D 
converter U2 and display driver U3 are interfaced to the 
microprocessor via U1, a "versatile interface adapter" with 20 
1/0 lines. When the falling edge of U2's status output indi
cates an end of conversion, U1 generates an interrupt. The 

1MQ 

V+ PAO Bl V+ V IN 35 

3 15 HI l0.Q1µfd ANALOG INPUT 
PA1 B2 

IN LO 34 -0 
(±4.095 V) 

4 14 

COMMONµir 0.15 µfd 
PA2 B3 

PA3 
s 13 B4 

PA4 6 12 BS INT~~ PAS 7 11 B6 AZ~I O.JJµfd 

B 10 B7 

L1 

PAS 30 200 k 

PA7 9 9 BB 
BUF fV' 

~DO y B9 REFCAP+~lµfd 39 + DP2 ~ 
~01 '------21 B10 REF CAP-~ DP1 ~ 
-11i 02 '-----------"1 B11 REF IN+ t::=1 DP3 J1L-
~03 5 812 9 

G4 25 24 G4 
DP4 112-REF IN 

~ 100k 
+S v F4 26 23 F4 

...±!. 04 J POL REF OUT 

"''" 
E4 24 18 E4 

COL ~ 
~05 4 DR BUF OSC ~-c=i 04 23 19 04 --~ __E_ 06 CA1 40 2 STATUS 

TSC7211A 
OSC IN 

23 .1,2 k J DECODER- C4 22 20 C4 
~07 OSC OUT LCD 

+5~~ LBEN DISPLAY 84 21 21 B4 
µp CA2 39-+ 2 DRIVER 

A4 20 22 A4 

~ '~o 19 nm HBEN 

---- "''" G3 1B 28 G3 
_E_ R/W +5V~ SEND t-- TSC7109 19 27 F3 
~ ~ NC~TEST ANALOG- F3 

17 TD- E3 14 E3 

~ CS1 NC~ RUN/HOLD DIGITAL 16 15 03 CONVERTER D3 2!!. ¢2 NC ___1i OSC SEL 15 16 C3 
-2£ RES E CE/LOAD 

C3 
14 25 63 

..1!l. RS3 MODE GND 
B3 

A3 
13 26 A3 H5540 

..1!l. Ji LCD 
RS2 G2 11 33 G2 DISP~AV 

~ RS1 ~ s)fY- F2 
12 32 F2 

2!. 19 RSO CB2 • II 4 E2 10 9 E2 

PBO 10 27 BO D2 9 10 02 

r 
TO 6502 

PB1 
11 28 Bl C2 B 11 C2 

SV6522 
PB2 12 29 82 B2 7 30 82 

VERSATILE 
INTERFACE PB3 13 30 83 A2 6 31 A2 
ADAPTER 

PBS 1S 31 D1 G1 3 37 G1 

PB4 14 32 D2 F1 4 36 Fl 

PB7 17 33 D3 E1 2 5 E1 

GND P86 16 34 D4 D1 
40 6 D1 

-=v +SV~ V+ C1 
39 7 

C1 

NC----1!j DSC 81 
3B 34 81 

•cRVSTALOID ELECTRONICS, HUDSON, OHIO 
PGND BP Al 37 35 Al BP 

J5 11 9,~o 
+5 v 9lY1 

Figure 1: 12-Bit A/D Converter with 3 3/4 Digit Display 
One 1/0 device links both the A/D converter and decoder-display driver to a microprocessor. With data formatting in software, 
the circuit provides faster analog conversion speed and more resolution than 3 1/2 digit display-oriented converters. 
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CMOS LSI 
microprocessor then reads U2's conversion data in two 
bytes, selecting the high or low-order byte via the CA2 hand
shake output. 

After converting binary data to BCD in software, the micro
processor loads LCD driver u3 via port B of U1. BCD digits 
are output on the lower four bits of port B, while the upper 
four bits serve as digit select outputs: The CB2 handshake 
output of U1 controls the polarity segment of the LCD 
display. 

Software for the 3 3/4digit converter consists of an interrupt 
service routine and a binary-to-BCD conversion subroutine. 
In response to a CA 1 interrupt, the microprocessor jumps to 
the service routine of listing 1. Using U1's peripheral control 
register to toggle U2's byte select inputs, the microprocessor 
reads and stores two bytes of binary data beginning at loca
tion BINARY. After stripping the flag bits from the most 
significant byte, the conversion's magnitude is stored begin
ning at BINSRC. The program transfers the sign bit to the 
display, and then tests for an overrange condition. If the A/D 
converter is overranged, "EEEE" is sent to the LCD display. If 
the input is not overranged, the BCD conversion and display 
subroutine is called. 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 ABOO 
0000 A80C 
0000 028E 
0000 
028E A'1FF 
0290 BD02AB 
0293 A'i'EE 
0295 BDOCAS 
0298 A982 
02'9A 8.DOEAS 
0290 4C7503 
02AO 
02AO 
02AO 
02AO 00A4 
02AO OOA2 
02AO OOAO 
02AO 02EO 
02AO 
02EO AD01AB 
02£3 B!SAS 
02ES 85A3 
02E7 ADOCAB 
02EA 29FC 
02EC BDOCAB 
02EF AD01AS 
02F2 B5A4 
02F4 290F 
02F6 BSA2 
02FS A910 
02FA 24A4 
02FC F004 
02FE A9EE 
0300 0002 
0302 MC2 
0304 BDOCAB 
0307 A920 
0309 24A4 
0308 F006 
0300 A9FB 
030F BDOOAB 
0312 40 
0313 201003 
0316 40 

·---------------------------------------
; 3 3/4 DIGIT DVl'I AND 12-BIT BINARY DATA ACQUISITION 
I SYSTEM USINB THE TBC7109 AND TSC72l 1A• INTERFACED 
; TO A 6502 MICROPROCESSOR VIA A 6522 I/O PORT 
I 
; RESlL TS ARE STORED IN FOUR BYTES OF ZERO-PAGE 
; fEMDRVr BCD DATA AT "BCD" AND BINARY DATA 
; AT NBJNARY" <MOST SIBNIFICANT DIBIT FIRST) . 
I USER HUST PROVIDE INTERRUPT YECTtlR FROM THE 
; 6522" S CAI INTERRt.FT TO A ROUTINE AT "INTVEC" 
1----------------------------------------------
; BET UP 6522 FOR INTERRlPT OPERATION 

IOPRT .EtilU OABOO ;ADDRESS OF 6522 I/O PORT 
PCR .BILI IOPRT+OCJPERIPHERAL CONTROL RESISTER 
SETl.F • EtilU 02BE ; ADDR OF 6522 SETUP RflUTINE 

.ORB SETIJP 
SETUP IO LPA 4KIFF J SET PORT B TD OUTPUTS TO 

STA IDPRT+2 ; DRIYE T1£ TSC72l 1A 
LDA IOEE ;CA1•INT ON NEG EDBE, 
STA PCR I CA2-l..DW <POINT TO 7109 LO BYTE> 
LDA •82 1ENABLE CAI INTERRUPT 
STA IDPRT+oE; 
JrF' HAINPRG ; I/D PORT SETUP t:ar1PLETE, BO 

; JuttP TO O.S. DR TO 11AIN PROSRAtt 
I 
;BEGIN ·INTERRUPT SERYICE ROUTINE 

BINARY • EW OA4 1 STORA8E FOR BINARY RESULT 
BINSRC .EW OA2 JBAYE BINARY I-ERE FDR BCD CONYERT 
BCD .EQU OAO 1BCD REBl.LT HERE <4 PACKED DIGITS> 
INTYEC .EQU 02EO 1i.522"B CAI INTERRUPT ROUTINE 

.ORS INTYEC 
INTBVC LDA IDPRT+l ;SET DIGIT FR01 6522 

STA BINARY+l;SAVE BINARY RESlA...T AND 
STA BINSRC+lJ LOAD BIN TO BCD REGISTERS 
LDA PCR J BET PCR 
AND •OFC; I TURN ON ttOST SIGNIFICANT 
STA PCR ; BYTE OF THE TSC7109 
LDA IOPRT+1 ;GET MS BYTE 
STA BINARY ; SAVE "8 BVTE AND FLABS 
AND *OF 9f'fASI< POL AND OR BITS BEFORE 
STA BINSRC I BINARY TO BCD CONVERSION 
LDA •10 1LOAD PO...AR:JTY-BJT PIASK 
en BINARY ; IN"UT NEGATIVE? 
BEQ l'IINJS ;YES, ~ OFF '"Y• SEGMENT 
LDA *OEE ; INPUT POS, SO ~N ON "Y" SEGl'IENT 
Bf£ SIGNON ;SKIP TO SIGN-BIT OUTPUT 

MINUS LDA •oce I CB=O, Al.BO POINT TD L6 BYTE 
SJBNCJN STA PCR ;SET SISN ON LCD DISPLAY 

LOA 4t20 ; LOAD OVEARANSE l'IASK 
BIT BINARY ;TEST FOR DVERRANGE 
BElil NDTOYR ; CONTINUE IF NOT SET 
LDA .oFB t INPUT OYERRANBED- DISPLAY 
STA IDPRT 1 "EEEE" ON DISPLAY 
RTI I AND RE~N 

NOTOVR JSR BIN2BCD 1CCINYERT AND DISPLAY 
RTI ;DOPE 

Listing 1: Interrupt Handling 
In response to an interrupt from the TSC7109, the program 
first reads and stores the A/D converter's data. After polarity 
and overrange tests, the binary data is converted to BCD and 
transferred to the LCD display. 

APPLICATION NOTE 22 

Binary-to-BCD conversion is accomplished by multiplying 
each binary bit by its equivalent decimal value and summing 
the bit values. Since each binary bit is some factor of two, 
only a multiplication by two is required. The multiplication 
can be reduced to a decimal add, since A+A=2·A, and the 
SEO (SEt Decimal) mode provides easy BCD addition. 

The BCD conversion begins with the ~inary data in two 
memory locati.ons, BINSRC and BINSRC+1, which are used 
as a 16-bit shift register. Two other locations, BCD and 
BCD+1 serve as a 4 digit BCD accumulator. The sixteen bits 
of binary data are shifted toward the most significant bit. Bits 
which are logical "1" are added, via the carry, to the BCD 
accumulator. After each shift, the BCD accumulator is added 
to itself (i.e. multiplied by two). On each succeeding pass. 
the sum of the binary bits is again multiplied by two. For 
example, bit 11 will go thru the multiplication loop eleven 
times and will then have a value of 2•11, or 2048. Bit 4 goes 
thru the loop four times, and ends with a value of 16. The sum 
of the BCD values for each bit of the binary word is the final 
BCD result. After sixteen shift/add cycles, the binary-to
BCD conversion is complete. 

0310 
031D 
0310 
031D 
03lD FS 
031E AOlO 
0320 A900 
0322"""" 
0324 B5A1 
0326 26A3 
0328 26A2 
032A A900 
O;J:ZC 65AO 
032E SSAO 
0330 A900 
0332 65A1 
0334 85Al 
0336 BB 
0337 F010 
0339 18 
033A MAO 
033C 65AO 
033E 85AO 
0340 ASAI 
0342 65A1 
0344 B5A1 
0346 BB 
0347 50DD -· 0349 
0349 OOA6 
0349 A202 
0348 A910 
034D B5A6 
034F B59F 
0351 290F 
0353 05A6 
0355 BDOOAB 
0358 290F 
0"35A BDOOAB 
035D 06A6 
035F 859F 
0361 4A 
0362 .. 
0363 4A 
0364 4A 
0365 OSA5 
0367 BDOOAB 
00:6A 290F 
036C BDOOAB 
036F 06A6 
0371 CA 
0372 DODB 
0374 60 
0375 
0370 

1------------------------------------
;THIS ROUTINE CONVERTS THE TSC7109'6 BINARY 
J OOTPUT TO 4 DECit'IAL DIBJTS I PACKED INTO 2 BYTES) 
I 

BIN2BCD BED 
LDV 
LOA 
STA 
STA 

BCllLP ROL 
ROL 
LOA 
ADC 
STA 
LDA 
ADC 
STA 
DEV 
SEQ 

CLC 
LDA 
ADC 
STA 
LDA 
ADC 
STA 
CLY 
llYC 

' 

,SET DECllW.. ttODE FOR ADDITION 
•10 ; DO 16 BITS 
IM)() JZERO THE 4 DIGIT 
BCD I <TWO BYTE) 
BCD+l ·• I BCD ACClJflllJLATOR 
BINSRC+11ROTATE THE 2-BYT£ BINARY 
BINSRC I VALUE TOWARD. "6B 
4tOO I ADD CARRY TO THE 
BCD ; BCD ACC\.M.LATDR 
BCD f <IN EFFECT, THIS 
tt00 I ADDS OfE TO 11£ 
BCD+l ; BCD ACCUtt.LATOR IF 
BCD+l J CARRY IS SET> 

;FINISHED WITH 16 BITS? 
DISPL ;YES, DISPLAY RESt.LT 

BCD 
BCD 
BCD 
BCD+l 
BCD+l 
BCl»l 

BCDl.P 

1 NOT DONE, SO CLEAR CARRY AND 

: ~~ ~~ ACCUU-ATOR 

; <I.E. 1'11.J...TIPLY BY 2) 

tFDRCE UNC:CN>ITIONAL 
1BRANCH TD NEXT PASS 

; TRANSFER BCD DATA TO LCD DISPLAY 
DIBSEL .EQU OA6 ;SHIFT REG FOR 7211 ·DIGIT SELECT BIT 
DIBPL LDX •02 ;TRANSFER 2 PACKED-BCD DIBITS 

LDA *10 1PDINTER FOR 7211A DIBIT SELECTS 
STA DIBSEL I UBE DIGSEL AS DIBIT PTR SHIFT REG 

DISPLP LOA BCD-1,X 1BET 2 BCD DIBITS 
AND 30F 1 NA8K THE DIGIT &ELECT BITS 
ORA DIBSEL I TURN ON DIGIT SELECT 
STA IOPRT 10UTPUT TD DISPLAY 
AND •OF I~ OFF DIGIT SELECT 
STA ICFRT 
ASL DIBSEL sBHIFT FOR NEXT DIBIT 
LDA BCD-1,X 1SET PACKED BYTE AGAIN 
LSR A 1SHIFT RIGHT FOOR 
LSR A I TU1ES TO Ut.FACI( 
LSR A 
LSR A 
ORA DIBBEL ; TURN ON DIGIT SELECT 
STA IDPRT ;OUTPUT DIGIT, THEN 
AND ltOF J TURN OFF DIGIT 
STA IDPRT I SELECT 
ASL DIGSEL )POINT TO NEXT DIGIT 
DEX I AND TO tEXT BCD BYTE 
BNE DIBPLP • BRANCH IF NOT DmE 

;DONE 

Listing 2: Data Formatting and Display 
This program converts binary data to BCD by multiplying 
each binary bit by its decimal value. The LCD display is 
accessed one BCD digit at a time, using a shift register in 
memory to store the digit select bit 
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SOFTWARE COMBINES WITH CMOS 
LSI TO FORM 3 3/4 DIGIT DVM 

Although the BCD conversion program shifts data sixteen 
times, only twelve bits are valid. This method was chosen for 
compact coding. A slight speed penalty is involved, however, 
since the program unnecessarily loops through the multipli
cation routine four times. With a 1 MHz 6502 clock, the total 
execution time (listing 1 plus listing 2) is about 1.07 mSec. 
Program execution will be slightly faster if the binary data is 
shifted left four times at BIN2BCD and the Y register loop 
counter is changed from 16 to 12. 

After conversion to BCD format, the conversion result is 
transferred to the display via Port B of U1. The display driver 

INTERRUPT 

READ LOW-ORDER BYTE, STORE 
AT BINARY +1 AND BINSRC +1 

TUAN ON HIGH-ORDER BYTE ENABLE 

READ HIGH-ORDER BYTE, 
STORE AT BINARY 

MASK FOUR MOST-SIGNIFICANT BITS, 
STORE AT BINSRC 

TURN OFF "MINUS" SIGN OF LCD 

CONVERT BINARY TO BCD 

OUTPUT BCD TO LCD DISPLAY 

RETURN FROM 
INTERRUPT 

NO 

TURN ON "MINUS" SIGN OF LCD 

YES 

SET DISPLAY FOR "EEEE" 

Flowchart 1: Interrupt Service Routine 
The AID converter result is read in two bytes and then is 
tested for polarity and overrange. If not overranged, the 
binary data is converted to BCD and displayed. 

CMOS LSI 
requires data to be stable on the BO-B3 inputs while the 
appropriate digit select input (01 through D4) is strobed 
high. The program uses memory location DIGSEL as a shift 
register to sequentially address each of the four digit select 
inputs. BCD data is loaded into the 6502's accumulator, the 
digit select bit is turned on, and the accumulator contents are 
transferred to U1. The digit select bit is then turned off and 
DIGSEL is shifted to point to the next digit. After four digits 
have been transferred the program is complete, and the 
microprocessor returns to its main program. 

BINARY TO BCD 

CLEAR BCD ACCUMULATOR, 
LOAD COUNTER, SET DECIMAL 
ARITHMETIC MODE 

SHIFT BINARY REGISTERS 
TO THE LEFT (TOWARD THE MSB) 

ADD CARRY TO THE 
BCD ACCUMULATOR 

DECREMENT LOOP COUNTER 

RETURN 

NO 

ADD BCD ACCUMULATOR 
TO ITSELF (MULTIPLY BY 
TWO) 

Flowchart 2: Binary to BCD Conversion 
Bit by bit, MSB first, binary data is added to the two-byte 
BCD accumulator. Each time through the loop the BCD 
accumulator is added to itself. The result is that each binary 
bit is multiplied by its decimal value. 
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DISPLAY 

LOAD DIGIT POINTER 
AND BYTE COUNTER 

LOAD PACKED BCD BYTE, 
ZERO THE FOUR MSBS 

TURN ON DIGIT SELECT BIT 

DISPLAY BCD DIGIT 

RELOAD PACKED BCD BYTE 

SHI FT RIGHT FOUR 
TIMES TO UNPACK 

DISPLAY BCD DIGIT 

DECREMENT BYTE COUNTER 

RETURN 

NO 

Flowchart 3: Data Transfer to LCD Display 

APPLICATION NOTE 22 

Looping twice transfers four BCD digits to the LCD display 
decoder-driver. For each digit transferred, the four LSBs 
contain the BCD data, while one of the four MSBs is turned 
on to function as the digit select. 

17-68 



._~TELEDYNE 

SEMICONDUCTOR 

TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 

By Wes Freeman and David L. Gillooly 

Micro-processor based systems, whether they be complex 
process controllers, bench top instruments, portable mea
surement devices, or computer data acquisition systems 
dominate the market place of the 1980s. Microprocessors 
maximize creativity and innovation within engineering and 
marketing teams. The ability to product differentiateand effi
ciently manufacture products for many market segments 
from one basic design "customized" through software maxi
mizes the investment return on R&D expenditures. 

The CMOS TSC800 16-bit integrating analog-to-digital con
verter was specifically designed for easy processor interface. 
The TSC800 data transfer is no more complicated than two 
memory read operations. 

Parallel 8 or 16-bit data transfer and serial data transmission 
with a Universal Asynchronous Receiver Transmitter (UART) 
is straightforward. The serial data transfer option makes opti
cally isolated systems practical and low cost. 

The 16-bit sign magnitude code maximizes dynamic range, 
resolution, and accuracy. An N bit sign magnitude ADC has 
twice the resolution of an N bit offset binary ADC. The large 

Parameter TSCSOO TSC7109 Units 

Resolution 15 12 Bits 

Max. Linearity Error 0.006 0.024 % 

Dynamic Range 96 78 dB 

Zero Scale Drift 0.8 0.2 µV 
oc 

Maximum Power 
20 15 mW Dissipation 

Conversion Integrating Integrating 

Technique Dual Slope Dual Slope 
(4 Phases) (3 Phases) 

Conversion Rate 2.5 40 Cori vi 
Sec 

Differential Input Yes Yes 

Maximum Input 
15 10 pA Current 

Sign/Magnitude 
Yes Yes Coding 

UART Interface Yes Yes 

Internal Voltage 
No Yes Reference 

Automatic 60 Hz 
Yes Yes Rejection 

Power Supply 
±5 v ±5 v Voltage 

Price Per Bit 
(100 pc Quantity) $0.95 $0.77 

Table I: TSCBOO Electrical Specifications 
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dynamic range can be used to eliminate expensive analog 
components needed to obtain full 12-bit performance with 
12·bit ADCs. 

The TSC800 integrating conversion technique eliminates the 
need for a sample hold amplifier and automatically atten
uates noise. A 400 mS measurement cycle gives a 100 mSec 
signal integration time. This provides both 50/60 Hz line fre
quency rejection. The conversion time is more than adequate 
for process control, data logging, and physical environment 
monitoring applications where "real time" is measured in 
seconds and minutes. The converter LSB size can be as low 
as 100 µV. 

By combining digital and analog functions on a single CMOS 
chip, excellent resolution, accuracy, and interface capability 
are simultaneously achieved without a high price (Table 1). 
The 16-bit TSC800 costs only 12% more on a price-per-bit 
basis than similar 13-bit monolithic devices (Figure 1). When 
compared to high resolution hybrid devices, an order of mag
nitude cost savings results. When maximum conversion 
speed is not required the TSC800 offers exceptional value. 
With a reference, crystal and half dozen passive components, 
a complete, bus-compatible 16-bit ADC is available. 

The TSC800 analog section contains an input buffer, integra
tor amplifier, comparator, and analog switches (Figure 2). 
The differential high impedance CMOS inputs have only a 15 
pA maximum leakage current. Input common mode voltage 
range extends to 1 V of the supply; common mode rejection is 
typically 86 dB. The low noise metal gate CMOS process and 
design limits noise to 15 µVP-P. A system zero phase is 
included in each TSC800 measurement cycle to cancel 
buffer, integrator, and comparator offset voltage and drift 
characteristics. An. external potentiometer adjustment is not 

300 
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20 

10 .El 
TSCBOO 
(16BITS) 

..,.,... 
TSC7109 
(131;3JTS) 

.--
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Figwe 1: High Resolution TSCBOO Features High 
Performance and Low Price for Low 
Speed Systems. 
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SWITCH LOGIC 
(SZ,Sl,Rl,IZ) 

38 28 39 

CONVISTOP" DV5" OSC OSC OSC BUF 
2 1 CONOSC vs vs g~i 

Figure 2: Analog and digital compatible CM.OS process provides single chip 16-bit converter. 

needed to guarantee a zero output for zero volt input. 
Temperature drift at zero is automatically corr!lcted. 

The TSC800 digital section includes an RC or crystal oscil
lator clock generator, 15-bit counter, 16 three-state data 
latches, data transfer/conversion control logic, and sign bit 
logic. The analog and digital compatible metal .gate CMOS 
process allows such extensive circuitry ori a single mono
lithic die. 

The oscillator control pin selects either RC or crystal oscilla
tor operation. Normaily, crystal operation is desired. In this 
mode, a divide by 15 counter is inserted between the oscilla
tor and TSC800 internal counters. The divider allows a stan
dard 2.4576 MHz UART crystal to provide the 163.84 kHz 
internal clock. A 400 mSec measurement cycle results with a 
100 mSec signal integrate time for 50/60 Hz noise rejection. 

Sixteen three-state data latches, two control inputs, and 
three dual fuction input/data strobe outputs simplify the 
interface to peripherals. Microprocessor busses, 1/0 peri
pheral ports (with or without handshake control) and UARTs 
are easily supported. The data outputs are TTL-compatible 
and have sufficient current sink capability to drive a small 
processor bus directly. Data is coded in a sign magnitude 
format (15 bits Data+ Sign Bit). The TSC800 provides twice 
the resolution of 15-bit offset binary converters. The sign bit 
is valid for signals less than one least significant bit giving an 
extra bit of resolution around zero. A precision nulling 
scheme may be implemented under processor control. 

The TSC800 adds two additional phases to the conventional 
two-phase dual slope integrating conversion method to 
achieve the given price and performance characteristics. The 
measurement cycle is divided into four separate phases 
(Figure 3). · '· 

• System Zero 
• Signal Integrate 
• Reference Integrate 
• Integrator Zero 

The system zero phase (Figure 4A) begins when the internal 
analog switches connect the buffer input to analog common 
and a feedback loop closes around the integrator and com
parator. The external capacitors charge to compensate for 
buffer, integrator, and comparator offset errors. With a zero 
input at the buffer, the integrator output will remain at zero. 

Since the converter's major error sources are nulled during 
each measurement cycle, temperature sensitivity is greatly 
reduced. The zero scale error drift, always a large error 
source in successive approximation converters, is reduced to 
typiclly 0.8 µV/°C. 

The signal integrate phase follows (Figure 48). The differen
tial input signal is applied to the integrator for 16,384 internal 
clock cycles. The integrator output at the end of the fixed 
time is proportional to the input. Since the integrate time is 
fixed by the clock period, the interval can be adjusted to give 
maximum attenuation of repetitive waveforms such as 50/60 
Hz power line signals. A 100 mSec integ.ration rejects 50,60 
and 400 Hz signals. 

In the reference integrate or deintegrate cycle (Figure 4C), 
the reference capacitor, which was charged to the reference 
voltage during system zero, is conneced to ramp.the integra
tor back toward zero. The 15-bit counter is enabled a~d 
counts until a zero crossing is detected by the comparator. 
Data is transferred to the data latches and Data Valid (DVD) 
goes low. This cycle normally lasts 32,678 clock period. 

The final phase is integrator output zero (Figure 4D). This 
phase provides a·rapid recovery from overloads t:iy connec-
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SYSTEM ZERO 
PHASE (SZi 

SIGNAL 
...__ INTEGRATE 

PHASE(SI) 

REFERENCE INTEGRATE INTEGRATOR 
~ r~ti~~~~iATEI ____ ,.__ ~R~~E NEXT 

CONVERSION 
CYCLE 

INTEGRATOR 
OUTPUT 

INTERNAL 
CLOCK- fc 

(IZJ 

OV)--------

~\~~~~~%A>-------+-------+------< 
SIGNAL 

12,228 COUNTS --+-

NUMBER OF 
COUNTS_,.. 

PROPORTIONAL 
TOV 

16,384COUNTS-+\...--~-32,768COUNTS--_.-f+-4096COUNTS 

1-------0NE CONVERSION CYCLE"' 65,536 COUNTS (T CONV "'65,536 X*) -------..j 

Figure 3: TSCSOO integrating converter updates conventional dual slope conversion with system zero and 
integrator zero phase. 

ting the comparator output to the buffer input for 4096 clock 
cycles. Any charge remaining in the integration capacitor is 
removed, allowing an accurate system zero cycle. 

The TSC800 supports either continuous or convert on com
mand operation. When the Conv/Stop input is low, the con
verter remains in the system zero phase. A new conversion 

sw, 

+INPUT 

sw, 

ANALOG INPUT 
BUFFER 

e SWITCH CLOSEQ 

0 SWITCH OPEN 

4A: TSCSOO System Zero Phase 

REFERENCE 
INPUT 

sw, 

sw, 

ANALOG INPUT 
BUFFER 

~ swfi1 would be closed for a 
negative polantyanalog input 
signal. 

e SWITCH CLOSED 

0 SWITCH OPEN 

4C: TSCSOO Reference Voltage Integration Cycle 

will not begin until Conv/Stop goes high. Conv/Stop has no 
effect when Data Valid (DVD) is high, but pulsing the 
Conv/Stop low after a comparator zero will immediately ter
minate reference integrate and cause entry into the zero inte
grator phase. In this case, the conversion rate will vary with 
input signal magnitude. 

REFERENCE 
INPUT 

48: 

REFERENCE 
INPUT 

sw, 

sw, 

ANALOG INPUT 
BUFFER 

e SWITCH CLOSED 

0 SWITCH OPEN 

TSCSOO Input Signal Integration Phase 

sw, 

sw, 

ANALOG INPUT 
BUFFER 

e SWITCH CLOSED 

0 SWITCH OPEN 

40: TSCSOO Integrator Output Zero Phase 

Figure 4: Internal analog gates automatically configure analog circuits for four phases of TSCSOO 
measurement cycle. 
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15-Bit Resolution Eliminates 
Gain Amplifiers 
Along with high accuracy and resolution, the TSC800 large 
96 dB dynamic range solves problems usually needing addi
tional analog components. Since eachanalog component 
adds an error term, eliminating un'necessary devices inc 
creases system accuracy and reduces cost. Error budget cal
culation and allocation for the design engineer is also made 
easier. 

A circuit capitalizing on the TSC800 wide dynamic range is 
shown in Figure 5. The TSC800 dynamic range elimi11ates a 
precision analog amplifier. Twelve-bit resol utiol'l and accu
racy is desired fordigitizing the analog signals from ±0.4096 
V to± 3.2768 V. A 12-bit ADC cannotaccomodate this range 

PROGF!:AMMA&LE 
GAIN AMPLIFIER 

ANALOG ,.,__ _ __, 
INPUT 

(±0.4096 V to ±3.2768 VJ 

SA: 

ANALOG 
INPUT ·n..----1 

(±0.4096 V to ±3.2768 V) 

58: 

TSCBOO 
15-8\T ADC 

Figure 5: 15-Bit Dynamic Range Converter 
Eliminates Programmable Gain 
Amplifier. 

APPLICATION NOTE 23 

without sacrificing resolution. The 12-bit ADC based system 
normally resolves the dilemma by using a programmable 
gain amplifier with gains of 1, 2, 4, and 8. This amplifier is, un
fortunately, expensive and a system error source. 

The 15-bit TSCSOO based system replaces the programmable 
gain amplifier and, through a software routine, full 12-bit 
resolution is achieved. The TSC800can be viewed as a 15-bit, 
± 0.4096 V full-scale ADC with a built-in gain of eight (Figure 
6). Analog inputs up to± 0.4096 V are correctly converted by 
the TSC800to12-bit resolution. The Data bits 815, 814, and 
Bt3 will be logic "O". 

If the applied analog input is greater than ±0.4096 V, the host 
computer can divide the 15·bit output to adjust for a 12-bit 
full-scale input. Dividing by 2, 4, or8 corresponds to reducing 
the TSC800 "internal amplifier" gain to4, 2, or 1, respectively. 
The TSC800 gives !ull 12-bit resolution at the maximum full
scale input, even with the non-zero starting point. 

The necessary division is easily accomplished by software 
With a simple right shift of the TSC800 15-bit output (exclud

. in,g the sign bit). Shifting right one, two: orthreetimes divides 
by 2, 4, or 8.Bits 815, B14, and 813 should be setto zero after 
lhe shift operation, since the sign bit will shift into the most 
significant bits during the operation. 

Current Loop Monitoring Benefits 
From Wide Dynamic Range 
Another design simplification made possible by using high 
dynamic range converters involves the popular industrial 4 to 
20 mA current loop. The task is to provide a 12-bit 
conversion. 

A simple resistive current to voltage conversion causes a 
0.1024 V output offset voltage (Figure 7A). The offset causes 
a problem because the maximum analog input is 0.512 V. The 
ADC must have a 0.512 V full-scale range; an ADC which 
digitizes inputs from 0 to 0.512 V with 12-bit resolution 
cannot provide 12-bit resolution for the reduced input span 
of 0.4096 V (0.512 V to 0.1024 V). 

~,-.------ - -------- - 12-BIT CONVERSION GAIN= 4 ----- ---- - - --- ---.. 

' ' ', --...., 
......_'-.... 12-BIT CONVEHSION GAIN" 8 ------'-"-c---------

/ 

SIGN 
BIT 

/ 
/ 

', ,, , 

815 810 89 88 87 86 B5 84 B1 

/ 

// 1'2-BtTCONVERSION·GAlN "'2 --------,., ~'----------'"-
,,.,.,,,.// ,,,.,,,./ 

'--....,.. ---- -- - - -- - 12-BITCONVERSION GA1N-= 1 ..._. --- -·- - - - - ... - - - - __ ,,. 

Figure 6: TSC800 15-Bit Output is Same as 12·Bit Al)C Preceded With Amplifier Gain of 1, 2, 4, or 8. 

1N2 



TSC800 WIDE DYNAMIC RANGE 
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An operational amplifier can be used to cancel the 0.1024 V 
offset (Figure 78). The net ADC input voltage fora 4 mA (zero 
signal) input is 0 V. The op amp operates at unity gain giving a 
0.4096 V full-scale input. The op amp allows a 12-bit resolu
tion conversion. 

The offset cancellation scheme works, but the price paid is 
high; the active component and five passive components 
increase cost, consume board space, and lower reliability. An 
offset adjustment procedure must be performed during 
production and the potential for field misadjustment in
creases. 

The TSCBOO dynamic range allows the op amp and passive 
components to be eliminated by a software-generated "offset 
voltage." The TSCBOO easily digitizes the 0.1024 V to 0.512 V 
input to 12-bit accuracy. A simple 1024-count software sub
traction from the 15-bit conversion produces a 12-bit, OV to 
0.4096 V conversion (Figure 7C). 

The reduced part count and one less calibration step will 
offset the additional 15-bit ADC cost. The system accuracy 
and increased reliability also enhance end product value. 

2s.s n vour = .1024 v ro .512 v 

7A: Resistive Current to Voltage Conversion Causes Offset Voltage. 

100 k 

Vour = 

OV TO .4096 V 

70: For 12-Bit Resolution An Offset Cancelling Op Amp is Needed. 

CURRENT 
LOOP----ti 

0.1024 v 
VIN= TO 0.512 V 

"'"' TSC800 

DATA 

7C: Offset Voltage Corrected in Software Subtraction Routine. 

12-BIT 
ADC 

µP 

DATA 

SOFTWARE 
OFFSET 
SUBTRACTION 
ROUTINE 

MEMORY 

µP 

Figure 7: 16-Bit Dynamic Range ADC Provides Full 12-Bit Resolution Without Analog Offset Correcting 
Components. 
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Automatic Tare Weighing System 
Eliminates Analog Components 
The digital offset correction scheme is useful in digital 
weighing systems where automatic tare is desired. Auto-tare 
weighing systems automatically subtract the container's 
weight from a measurement; the scale displays a true reading 
just of the contents weight. The container's weight must be 
measured, stored, and subtracted from the total weight. 

A strain gauge or load cell represent typical weight sensors. 
Strain gauge output levels are below the resolution level of 
ADCs; amplification is required. Amplifier-related errors are 
unavoidable, but become magnified in auto-tare systems. 
The container weight must be subtracted from the total 
weight to yield the true content weight. 

STRAIN GAGE 
BRIDGE ANO 
AMPLIFIER 

WEIGHT PLATFORM 

OUT 

BA: Analog Auto Tare Correction 

StRAIN GAGE 
BRIDGE AND 
AMPLIFIER 

WEIGHT PLATFORM 

BB: Digital Auto Tare Correction 

STRAIN GAGE 
BRIDGE AND 
AMPLIFIER 

WEIGHT PLATFORM 

BC: TSCBOO Auto Tare Correction 

SAMPLE/HOLD 

S/H 

IN 

APPLICATION NOTE 23 

One circuit that subtracts uses a sample/hold amplifier and 
operational amplifier (Figure BA). With an empty container 
on the weighing platform, the sample/hold amplifier samples 
and holds the op amp output voltage. The voltage stored on 
the sample/hold amplifier hold capacitor represents the 
container's weight. The sample/hold output is connected to 
the op amp's inverting input, effectively subtracting the 
container's weight. The analog. components to store the 
container's weight limit system performance. For example, 
the sample/hold droop rate will limit the maximum allowable 
time between sampling the container's weight and weighing 
the filled container. The operational amplifier gain must also 
be calibrated. 

~"' TSCSOO 
15-BIT ADC 

12-BIT AID 

12-BIT A/D 

CONTAINER WEIGHT 

CONTAINER 
WEIGHT 
AND 
LOAD 
WEIGHT 

WEIGHT DISPLAY 

HOST COMPUTER 

I WEIGHT DISPLAY 

HOST COMPUTER 

WEIGHT DISPLAY 

HOST COMPUTER 

Figure B: TSCBOO Scale System Eliminates Analog Droop Errors and Precision DAC. 
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---~~~~~--'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The droop rate problem inherent in the sample hold subtract 
circuit can be avoided by using a digital-to-analog converter 
(DAG) for the feedback subtraction voltage. Figure BB shows 
the sample/hold replaced by a DAG. The host computer 
converts the op amp output to a digital value through an 
ADC. The digital value is stored and transmitted to the DAG. 
The reconverted subtraction voltage applied to the op amp 
input is not subject to droop errors. Thetime interval between 
container weighing and substance weighing is unlimited. 

The DAG-based subtraction circuit has drawbacks. The DAG 
must be calibrated so its output exactly tracks the ADC full
scale input voltage. The container weight correction occurs 
in discrete steps, so the DAG dynamic range must match the 
range of container weights to be encountered. If not, the 
cancellation circuit resolution will limit system accuracy. 
This constraint becomes significant when the container is a 
significant percentage of total. Weighing gravel in a truck or 
aspirin in a glass bottle are two examples. 

The TSCBOO large dynamic range makes analog components 
unnecessary. In Figure BC, the TSCBOO first measures the 
container weight. The digital value is stored in memory and a 
second conversion is made with total load. A software routine 
subtracts the stored container weight and the result is tare 
weight. 

The TSCBOO method is conceptually the same as the DAC
based system. Several advantages make the TSCBOO solution 
better. The ADC performs both conversions, so full-scale 

TSCBOO 

SIGN 
B15-E9 

88-81 

.-------. 

errors cancel. The 15-bit TSCBOO gives impressive resolution 
and range; 20,000 pounds of gravel in a 12,000 pound truck, 
or O.D1 gram of aspirin in a 300 gram bottle! 

Data Bus Interface 
A commercially successful analog-to-digital converter must 
offer more than high resolution and accuracy for wide market 
acceptance. The converter's data transfer capabilities are 
equally important. A converter able to fit easily in B or 16-bit 
data systems, as well as serial configured systems, will be 
widely used and offer long-term price advantages over less· 
functional components. The TSCBOO transmits data in two B
bit parallel words, or one 16-bit wide byte. Serial transmis
sion through Universal Asynchronous Receiver Transmitters 
(UARTs) is possible by using the handshake data transfer 
mode. Continuous or convert on command conversions are 
possible. The TSCBOO can be used in interrupt-driven data 
transfer applications. 

Data transfer is completely under user control with the 
TSCBOO. The bus interface mode allows a direct connection 
to a processor data bus. The dual function LBEN (Bits 1-B) 
and HBEN (Sign, Bits 9-15) inputs along with chip enable 
(CE) activate the three state data outputs. 

Figure 9 pictures a typical interface. Address bit AO and AO 
drive the byte select inputs. Additional decoded address bits 
enable the TSCBOO. A complete 16-bit data transfer requires 

ADDRESS DATA BITS READ 

NNNO LOW BYTE 

NNN1 HIGH BYTE 

•• DATA NNN = DECODED 
ADDRESS BUS 

READ 

~-----t OUTPUT 1 ENABLE 

CHIP ENABLE (CfJl-'2"-0--------~0UTPUT 2 

MEMORY SPACE 
DECODER 

A1-A15 

~2~etI11~ 1-1-9---------11--------------A_o_, 
BUS/HAND 

Figure 9: A low-cost interface results when you access the TSC800's 16 data bits directly by treating the 
converter as two memory locations. 
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two memory read operations. All 16-bit data lines can be 
active for 16-bit wide date bus (Figure 10). Monitoring the 
TSC800 data valid signal (DVD) allows the user to verify data 
did not change during the two byte operation. 

HBEN----

HIGH 

~¢f~----""'""""""'-==)'----------

LBEN-------------..1 

Parallel Data Transfer - Two 8-Bit Bytes 

HIGH IMPEDANCE STATE 

V777.looN'T l::LLLJ CARE 

VALlD DATA 
SGN, DB15to 081 

Parallel Data Transfer - 16-Bit Byte 

Figure 10: Three state data bus controlled by byte 
select and chip enable control signals. 
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The bus data transfer mode supports interfaces using peri
pheral input/output chips like the 6522 Versatile Interface 
Adapter and 8255 Programmable Peripheral Interface 
Device. Data access involves selecting and reading two 1/0 
ports. The interface in Figure 11 does not need additional 
software, as the 6522 and 8255 1/0 ports initialize as input 
ports at power-up or on reset. 

A data error may result if data changes - because of a new 
conversion update - between the processor's high and low 
byte read cycles. An easy error. detection scheme is 
implemented with the peripheral 1/0 chip programmed for 
strobed input operation. The DVD signal is used to strobe 
data into the 1/0 chip. The strobe signal also sets the 1/0 chip 
interrupt flag, but a processor interrupt is prevented by 
clearing the interrupt enable register. To access data, the 
microprocessor reads port A (which resets Port A's interrupt 
flag), then port B, and finally the port A interrupt flag. If port 
A's interrupt flag is set, an output data latch update occurred 
during the read cycle. If the interrupt flag remained clear, 
then both data bytes are valid. 

High Data Byte Low Data Byte 
CE HBEN LBEN (SGN, DB15 - DBe) (DBa - DB1) 

x x Inactive Inactive 
(High Z State) (High Z State) 

0 0 0 Active Active 

0 0 Active Inactive 
(High Z State) 

0 0 Inactive Active 
(High Z State) 

Inactive Inactive 
(High Z State) (High Z State) 

0 

"X" = 1 or 0 

PERIPHERAL 1/0 
DEVICE (6522 or 8255) 

ANALOG 
INPUT 

.,f' 
TSCROO 

81-BB 1NPUT 
PORT A 

INPUT 
PORT B 

A STROBE 

B STROBE 

MICRO 
PROCESSOR 

D 

Figure 11: Using an 1/0 port simplifies µP interfacing. Reading the interrupt flag register prevents data overrun. 
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Serial Data Transfer 
With Handshake Mode 
The TSCBOO actively controls the data transfer to peripherals 
in the handshake data output mode. The load strobe 
(LDSTRB) output signal indicates valid data is available for 
the peripheral receiving device. The low byte (LBFLG) and 
high byte (HBFLG) outputs signal which data byte is 
available. The data request input signal (DROST) informs the 
TSCBOO a peripheral is ready to accept data. A complete 
cycle transfers two 8-bit bytes. 

The handshake mode suports remote data acquisition 
systems using serial data transmission through current loop, 
RS232 or fiber optic data links. Universal Asynchronous 
Receiver Transmitter (UART) communication I Cs provide an 
inexpensive parallel to serial conversion. Start, stop, and 
parity bits, if required, are automatically inserted on trans
mission and removed on reception. Data Transmission errors 
are automatically flagged. The TSCBOO handshake mode 
exactly matches UART input and control requirements, 
making serial data transmission a practical reality (Figure 12). 
The UART relieves the system engineer from designing a 
complex serial data transmission subsystem. The easy 
TSCBOO to UART interface lets the design engineer focus on 
the data acquisition task, ratherthan chip interfacing details 
and serial interface protocols. UARTs are multi-sourced in a 
variety of technologies: CMOS, NMOS, and PMOS. Some 
devices lower system part count by including on-chip baud 
rate generators. 

Serial data transfers, especially in high resolution systems, 
are often dictated on a cost basis when the ADC distance 
from the digital processing unit exceeds several feet. Serial 
transmission greatly reduces the number of cables and line 
driver/receiver units. When system isolation through optical 
couplers is desired, cost savings are magnified. 

A complete serial data link is shown in Figure 13. The TSCBOO 
handshake mode is set each time the UART receives a 

SIGNAL CONNECTIONS 

UART TSCSOO 

INTEGRATOR OUTPUT --r----t--

INTERNAL CLOCK 

INTERNAL DATA LATCH 
UPDATE 

DVD-----, 

TSC800 
character. The TSCBOO automatically transmits two parallel 
bytes to the UART for serial transmission. The converter's 
2.4576 MHz clock serves double duty by driving the F4702 
baud rate generator. Serial data rates between 50and 19,200 
baud are selectable. 
When the UART receives a word, the Data Received (DR) 
output goes high, forcing the TSCBOO into the handshake 
data transfer mode. Once the handshake mode is entered by 
setting the TSCBOO· internal handshake flip-flop, the 
BUS/HAND input pin state is ignored. 

The DATA REQUEST (DROST) input is tested for a high 
UART TRANSMIT BUFFER REGISTER EMPTY (TBRE) 
signal that indicates the UART is able to accept data. With 
TBRE high, the High Byte Data Flag (HBFLG) goes low and 
the sign bit plus B15-B9 data bits become active. The Load 
Strobe (LDSTRB) pulse latches the data into the UART 
transmitter holding register and resets TBRE. The TSCBOO 
tests DROST again for an indication the UART has sent the 
first data byte and is ready to accept data (TRBR = 1 ). LBFLG 
goes low and output bits B1-B8 become active. LDSTRB 
pulses low again, latching the final byte into the UART. The 
LBFLG transition also resets the UART Data Received (DR) 
output and ends the handshake transfer. Only one conver
sion is transmitted in response to each word received by the 
UART. 

The TSCBOO data latch updating is prevented during the 
handshake to eliminate improper data transmission. The 
transmitted data is always the result of the conversion com
pleted before BUS/HAND went high. Conversions can be 
continuously transmitted, if desired, by tying HAND high. 
The handshake mode is then entered at the end of each 
TSCBOO conversion. 

Access to several converters can be achieved with only one 
UART. Two TSCBOO converters in Figure 14 give a two
channel link. Output decoding provides room for 6 more 
ADCs; up to 256 TSCBOOs can be addressed with additional 
decoders. 

(DATA VALID SIGNAU l-!-------1 

DR BUS/HAND INPUT SIGNAL 

~g~:~~~~tcit ~:rAc~5·~••="~----1 
TBA E DROST r-r7"7-,--,"T"t---t--~ 

TBRL LDSTRB ----t-1 

HBFLG ----t-;. 

DRR 

LOW DAT A BYTE 

Figure 12: UART interface uses data request signal to control handshake data transfer. 
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The data handshake starts, as before, by the host computer 
sending a word to the UART. The word's three least 
significant bits (LSB) address the desired TSC800. The three 
LSBs are decoded by a three of eight decoder which drives 
the TSCBOO BUS/HAND control input. When the word is 
received, the DR output also goes high. An RC network and 
CMOS Schmitt trigger delays the DR signal to allow the 
decoder outputs to settle. The delayed DR pulse enables the 
decoder and the selected TSC800 is pulsed into the hand
shake mode. Note that once the handshake mode is entered, 
the HAND input signal is ingored. The delayed DR output al
so causes the DATA RECEIVED RESET input to go low. This 
resets the DR output and disables the decoder until another 
word is transmitted from the host computer to the UART. The 
selected TSC800 transmits the last data conversion to the 
host computer. 

Also shown in Figure 14 is a less expensive baud rate genera
tion circuit. A simple CMOS counter can provide common 
baud rates between 300 and 9600, since the required 
frequencies are multiples of the 2.4576 MHz TSC800 clock. If 
more than two ADCs operate from one crystal, the BUF OSC 
pin should be buffered with an external CMOS buffer. 

Interrupt Data Transfer Uses 
Handshake Mode 
The handshake mode is not limited to serial data transmis
sion applications. A system using peripheral 1/0 circuits like 
the 6522 or 8255 for interrupt-driven data transfers can use 
the handshake mode. Only one 8-bit port is required, freeing 
1/0 pins for other tasks. The handshake interface guarantees 

APPLICATION NOTE 23 

data will not be accessed as the internal data latches are 
updated. Two processor interrupts will transfer data. 

The TSC800 to 8255 interface in Figure 15 uses HAND tied 
high. This forces the handshake mode whenever a new 
conversion is completed. The 8255 negated INPUT BUFFER 
FULL (IBFA)signal is the DROST input signal. LDSTRB 
strobes data into the 8255 port latch and sets the data request 
(IBFA = 1) signal. DROST is removed and the TSC800 
remains in the handshake mode checking DROST.for the 
next data byte request. Once IBF is set, the 8255 generates an 
interrupt request. During the interrupt service routine, port A 
is read resetting the IBF bit. The second data byte request is 
generated and the low data byte becomes active. LDSTRB 
initiates the second interrupt request cycle. A similar 
interface based on the 6522 is shown in Figure 16. 

Versatility and Performance 
At An Affordable Price 
The TSC800 design achieves 0.006% linearity without requir
ing laser trimming. Self-correction circuits automatically 
compensate for CMOS amplifier shortcomings. This lowers 
process complexity and increases reliability; both factors 
contribute to a modest selling price and low non-delivery 
risk. A proven metal gate CMOS process was chosen for the 
TSC800 to guarantee manufacturability. The development 
programs focused on functional performance, technical 
specifications, and device producibility. The TSC800 gives 
the designer interface options and excellent electrical 
performance at a price that will make new products and 
systems technically feasible and financially successful. 
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Figure 13: Serial data transmission is easy when the ADC logic includes UART handshaking signals. The 
TSC800 monitors its DATA REQUEST pin until the UART is ready to receive data. 
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Figure 15: Handshake mode and peripheral 1/0 chip ease interrupt-driven data transfer. 
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Figure 16: Interrupt-driven data transfer requires only one 1/0 port. 
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TSCBOO WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 

APPENDIX A 
Integrating Analog-to-Digital 
Converter Basics 
Successive approximation converters output digital words 
proportional to the input voltage at a given time. If the input 
level shifts before all bits are resolved, the conversion will be 
grossly in error. To prevent this sample-hold circuits often 
precede the SAR ADC. Noise may also make the conversion 
unuseable or unrepeatable. The integrating converter digital 
output represents the input signals integral over a given time 
period; the output code is proportional to the input signal 
average value during the time period. 

Most commercially available, integrating converters use the 
dual slope conversion technique (Figure A). As the name 
implies, two phases make up a complete measurement cycle: 

• Input Signal Integrate: Integrate phase 
• Reference Voltage Integrate: Deintegrate phase 

The basic quantization unit for successive approximation 
converters is current. Integrating dual slope converters use 
time. Time is easily monitored by counting clock pulses. 
Accuracy is excellent, being limited only by short-term clock 
stability. Low differential and integral linearity errors are 
easily achieved without expensive and drift-prone laser trim 
techniques. 

The analog input is integrated for a fixed time T1: 

Integration _ 
Time -

ANALOG 
INPUT 

( ;c) 

POLARITY CONTROL 

DATA OUTPUT 

SIGN •• 

c, 

., 

Where: 
N1 = # Clock Periods in Integration Phase 
le = Counter Clock Frequency 

Following the signal integrate phase, a constant magnitude 
reference voltage is applied to the integrator input. With a 
polarity opposite to the input signal, the reference signal 
ramps the integrator output toward zero at a constant rate. A 
counter totals the number of clock pulses until a comparator 
signals the integrator has returned to zero volts. 

INTEGRATOR 
OUTPUT 

POLARITY 
LATCH 

PHASE CONTROL 

SLOPE.-cV1N 

FIXED TIME 

ZERO CROSSING 
COMPARATOR 

CONTROL 
LOGIC 

COUNTER 

CLOCK 

ZERO 
CROSSING 

I 
TIME 

Figure A: Integrating Dual Slope Converter Uses Time to Quantize Input Signal. Accuracy Set by Short Term 
Oscillator Clock Stability and Reference Stability. 
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Since the "ramp-up" and "ramp-down" voltages are equal, a 
simple formula characterizes the conversion: 

"Ramp-Up" Voltage - "Ramp-Down" Voltage = 0 

1 

RC 

Where: 

1 

RC 

[
NuTc 

VR dt 
0 

N1 =#Clock Pulses in Signal Integrate Period 
(Fixed) 

Nu = # Clock Pulses in Reference Integrate Period 
(Variable) 

Tc = Clock Period 
VR = Reference Voltage 

V1N(t) = Input Signal 

£ NiTc 
0 V1N (t)dt = VR Nu Tc 

N1Tc 

1N1Tc 

O V1N (t) di= 

Nu= 

Where V1N = Average Value of V1N(t) over the Integration 
Period T1. 
The number Nu is stored in an internal counter. The counter 
can be decoded to give binary, BCD, or seven-segment visual 
display information. 

The conversion accuracy does not depend on the external 
RC values. Reference stability and the equality of clock 
periods between phases establish basic accuracy limits. Os
cillator stability is only required for the 10 to 400 mSec typical 
conversion times. 

Automatic polarity detection for sign magnitude coding is 
easy. The comparator output provides a polarity indication 
that can select the proper polarity reference during the 
reference deintegrate phases, as well as set a sign bit flip
flop. Dual polarity converters store the reference voltage 
across a capacitor that is switched into the integrator with the 
proper polarity. Low charge injection switching and a large 
external reference capacitor give excellent full-scale sym
metry. Differences in full-scale conversions for equal magni
tude but opposite polarity signals can be as low as 1 count. 
An N bit+ sign integration converter has twice the resolution 

APPLICATION NOTE 23 

of an N bit offset binary ADC (Figure B). The sign bit is also 
accurate tor signals less than 1 LSB. This can be useful in 
precision nulling applications. 

POLARITY Bil 
11 BITS 

xx 0100 

1 xx 0011 

xx 0010 

xx 0001 

DIGITAL CODE 
15-BlT PLUS SIGN 
SIGN MAGNITUDE CODING 

1 xx 0000 ;>---+-+--+--+-+--+--+-+--1--T 
0 xx 0000 -4 -3 

0 xx 0001 

0 xx 0010 

0 xx 0011 

0 xx 0100 

EOUIVALE NT 
POLARITY BIT 

11 BITS 

0 xx 010 

0 xx 001 

0 xx 000 

1 xx 001 

DIGITAL CODE 
15-BIT 
OFFSET BINARY COOING 

-1 
I 

-4 -3 -2 

ANALOG INPUT (LSB) 

ANALOG INPUT 
(EQUIVALENT SIGN 
MAGNITUDE LSB) 

Figure B: Sign magnitude coding gives twice the 
resolution of offset binary. 

By adding a system zero phase to the measurement cycle 
input buffer, integrator and comparator offset voltage and 
temperature induced offset drift errors can be eliminated. 
Manufacturers can easily guarantee a zero digital code tor 
zero volt input without requiring any user adjustments. This 
is a real advantage since integrating converters typically 
operate with the LSB representing 100 µV. 

The simplified system zero loop in Figure C shows the inputs 
disconnected from the analog signal inputs and grounded. A 
loop is closed around the comparator so its Vos error is also 
corrected. During the auto-zero time period, compensating 
error voltages are stored on the system zero capacitor CAz 
and integration capacitor C1. 
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TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 

v IN 0---------0 S2 

INPUT 
BUFFER 

c1 Voss-Vos1 +Vose 

INTEGRATOR 

TSC800 

s, 

COMPARATOR 

Figure C: During system zero phase offset voltage error correction voltages are stored. 

With S1, S2, and S3 reconfigured for the signal integrate 
period, a set of simple equations explains how offset voltage 
error terms are cancelled. 

A conversion ends when the comparator indicates a zero 
crossing has occurred: 

Vos1 - Vose -~ N1Tc + ~ (Nu Tc)= (Vos1-Vosc) =O 
R1C1 R1C1 

VR (Nu Tc)= V1N (N1Tc) 

As in the ideal circuit, V1N is directly proportional to the stored 
count; all offset error terms are removed. 

VIN 

--0 

A further refinement may be added to the dual slope con
verter with automatic offset voltage correction. The integra
tor output is assumed to be at zero volts when the system zero 
phase is entered. The integrator may, however, not return to 
zero due to an over-range input signal. This is common in 
multiplexed systems. In such a case, a charge proportional to 
the output voltage is transferred to Csz. The system will not 
zero offset correctly until the transferred charge has 
dissipated. The circuit time constant is large - R1 (Csz + C1) 
- taking several conversion cycles to decay (Figure 0). 

An additional phase in the measurement cycle corrects for 
overrange induced errors. The comparator is reconfigured to 
form a feedback loop around the integrator. The circuit time 
constant is reduced, since the integration resistor is now 
driven by a signal proportional to the integrator output rather 
than being fixed at ground potential (Figure E). 

c, 

INTEGRATOR 

Figure D: Non-zero integrator output causes error when system zero cycle is entered. 
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c, 

INTEGRATOR 

Figure E: Integrator zero cycle returns integrator 
output to zero volts before system zero 
cycle is entered. 

Integrating converters provide noise rejection automatically 
with at least a 20 dB/decade attenuation rate. In addition. in
terference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense. since the average value of a sine 
wave of frequency 1/T averaged over a period Tis zero. The 
finite time integrator frequency attenuation characteristic is 
easily derived by doing a Fourier transform on the circuits 
impulse response function (Figure F). 

Integrating converters often establish the integration period 
to reject 50/60 Hz line frequency interference signals. The 
ability to reject such signals is shown in a normal mode 
rejection plot (Figure G). Normal mode rejection is practi
cally set to 50-65 dB, since the 50/60 Hz line frequency can 
deviate by a few tenths of a percent (Figure H). 

IDEAL INTEGRATOR 
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APPLICATION NOTE 23 
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Figure G: Normal Mode Rejection Vs. Input 
Frequency. 
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Figure H: Integrating converter normal mode 
rejection vs. 60 Hz line frequency 
variations. 
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C: Ideal Fixed Time Integrator Frequency Response 

Figure F: Frequency domain response of finite time integrator explains noise rejection characteristic of dual slope 
ADC. 
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~'°'"TELEDYNE 

SEMICONDUCTOR 

TSC7109 RECORDS REMOTE 
DATA AUTOMATICALLY 

By Wes Freeman 

A Teledyne Semiconductor analog-to-digital converter, a 2k
byte CMOS static RAM, and some gates and counters can be 
combined to form a low cost, flexible, stand alone data log
ging system. All the I Cs are CMOS and the clock frequency is 
low, so power supply current is only a couple of milliamperes. 
The unit will store a 13-bitconversion (12-bit plus sign) in two 
consecutive bytes of memory, with a programmable time 
interval between measurements. The circuit is useful for 
logging temperature or other process control variables in 
remote locations or hostile environments. It is also useful in 
the lab for making unattended, repetitive measurements of 
long term drift, component aging, etc. 

The heart of the circuit is a TSC7109 (IC1 ), a 12-bit plus sign 
CMOS AID converter. The TSC7109 has a handshake mode 
in which the result of the latest conversion is output, in two 
consecutive bytes, each timethe MODE input is strobed high. 
The data logger stores each byte in sequential RAM locations 
for later processing by a host computer. The IDT 6116 CMOS 
static RAM stores 2048 bytes and therefore can store 1024 
readings. This permits, for example, one 13-bit measurement 
per hour for seven weeks. 

MEM INCRE- MEM 

TSC7109 
APPLICATION 
NOTE 24 

Timing for the circuit is provided by IC3, operating with an 
inexpensive 32 kHz crystal. The crystal can be replaced with 
a resistor and capacitor if precise timing is not required. The 
04 output of IC3 provides a clock frequency to the A/D con
verter that produces excellent 50 Hz, 60 Hz, and 400 Hz noise 
rejection. The 012 output of IC3 is a 2 Hz square wave, which 
is divided by two in IC4A. The resulting 1 Hz output is applied 
to the input of IC5, a 12-stage counter. The outputs of IC5 are 
decoded by a NANO gate to produce any desired interval 
between readings, to a maximum of 68 minutes. At the end of 
the time interval, IC48 generates a pulse which resets the 
counter and places the TSC7109 in the handshake mode. 

When the TSC7109's MODE input is pulsed high, the result of 
the latest conversion is output in two bytes. First, H8EN goes 
low, outputs 89 through 812, POL and OR become active, 
and CE/LOAD goes low. After one clock cycle CE/LOAD 
goes high and the high byte of the conversion is latched into 
memory. The rising edge of CE/LOAD also increments IC6, 
to address the next memory location. Then H8EN goes high, 
L8EN goes low, outputs 81 through 88 become active and 
CE/LOAD again goes low for one clock cycle. After CE/ 
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Figure 1: 13-Bit Remote Data Logger 
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TSC7109 
LOAD goes high the tow byte of the conversion is latched into 
memory, IC6 is again incremented, LBEN goes high and the 
data outputs return to their high impedance state. 

Data can be read out of RAM by any micro or minicomputer. 
An 1/0 port with handshaking (6522, Z8420, 8255A, etc.) 
makes the task easy. The 1/0 port is simply programmed to 
prooduc::e a handshake strobe when the port is read. The 
strobe then increments IC6 after each byte is read and
sequences through RAM automatically. Figure 2 shows pin 
connections for a 6522 1/0 device. 

Because of CMOS's low power requirements, battery power 
is ideal for the data logger. Average power dissipation of the 

DAO DO 

PA1 D1 

PA2 D2 

PA3 D3 

PAA 04 

PA5 D5 

SYNERTEK PAS D6 DATA LOGG ER 
6522 PA7 D7 BOARD 
1/0 PORT 

PBO MEM COUNTER RESET 

CA2 INCREMENT MEM 

r=r··· .. -· 1WKliD 
RUN/HOii) 

Figure 2: Connecting 13-Bit Remote Data Logger to 
6522 1/0 Port for Data Readout. 

APPLICATION NOTE 24 

TSC7109 is only 10.5 mW, and the IDT 6116 is in its power
down mode (lsy = 20 µA) exceptfor the time when CS is low. 
Power dissipation, therefore, is only about 15 mW. On-board 
battery operation allows modules to be exchanged at remote 
locations and returned to a central location for data removal 
and analysis without danger of data loss. 

The TSC7660, a DC to DC converter, permits the circuit to 
operate from a single power supply. This CMOS device con
tains a switch matrix and on-board oscillator which convert a 
positive voltage to negative polarity with a power efficiency 
of about 98%. Using the TSC7660, as shown in figure 3, per
mits the circuit to operate, for example, on two small 3-volt 
lithium cells. 

40 
V+ 

..,~ 
V+ TSC7109 28 

V- Vour 

..,~ 

GND +10(.lfd GND 

Figure 3: For Single-Supply Operation, Use the 
TSC7660 DC to DC Converter 
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SEMICONDUCTOR 

TSC426/427/428 SYSTEM 
DESIGN PRACTICE 

By David Gillooly 

The TSC426/427/428 fast switching times are made possible 
by a low impedance CMOS output stage. The high peak 
currents make 30 ns rise/fall times possible. 

The rapid rise/fall times do, however, require systems be 
designed with adequate power supply decoupling and stray 
lead inductance minimization. Practices which are adequate 
for 1 µs rise/fall times and 20 mA peak currents will not be 
adequate with TSC426 family. The same laws of physics 
apply in both systems. The results may be negligible in one 
and of prime importance in another. 

For example, a 0.1 µH power lead inductance (4" of 0.025" 
diam. wire) can cause a voltage spike 1000 times larger in a 
fast system with an unbypassed supply. 

Low Speed System High Speed System 
Ls 0.1µH Ls 0.1µH 

A VouT 18 v A VouT 18 v 
t 1 µs t 30 ns 

lpK 20 mA lpK 600 mA 
CL 1000 pf CL 1000 pf 

A Vsupply L ~: A Vsupply L ~: 
2mv ~av 

The system design practices needed are not difficult to 
apply. The simple good engineering practice of bypassing 
the power supply, minimizing stray lead inductance, and 
grounding unused driver inputs will solve most system 
problems. Nothing new is required-just a little careful applica
tion of techniques common to any high speed CMOS 
system. 

The TSC426 family outputs are CMOS. Low quiescent power 
and high output voltage drive (very important with 5 V 
supply operation) result. Since the outputs are CMOS the 
potential for activating a parasitic SCR exists. This must be 
avoided to prevent potential device destruction. If the 

Vee (PIN 6) 

P-CHANNEL 

INTERNAL 

~ ... TSC426 

N-CHANNEL 

GROUND (PIN 3) 

Figure 1: TSC426 Output. 

TSC426/427/428 
APPLICATION 
NOTE 25 

TSC426 output, like any CMOS chip, is driven below ground or 
above the positive power supply an internal parasitic SCR 
can be turned on. The high current flow can damage the 
device. The actual TSC426 output stage is shown in Figure 1. 
The IC layout and simplified equivalent SCR circuit are 
shown in Figures 2 and 3. 

INTERNAL TSC426 
Vee GATE DRIVE TSC426 OUTPUT 

P-CHANNEL N-CHANNEL 

Figure 2: Output Stage IC Layout. 

---+------_.,~---Vee (PIN 6) 

01 

Figure 3: Equivalent SCR Circuit. 

The IC parasitic SCR can be turned on if Dp is raised above 
Vee or if DN is forced below ground. An inductive load at the 
output can also create a voltage swing at the output that 
exceeds the positive supply or undershoots ground. 

If the output is raised above the positive supply, current is 
injected into the emitter of Q1 and swept into the collector. 
The Q1 collector feeds the base of Q2and R2. When the base 
of Q2 reaches 0.6 V Q2 turns on. This forces Q1 on. The SCR 
is now "fired" shorting the positive power supply to ground. 
A similar situation exists when the output is driven below 
ground. 

The internal SCR can also be triggered by excessive voltage 
on the power supply that results in internal voltage breakdown. 
The current injected can trigger the SCR action. 
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TSC426/427/428 
By limiting the current injected into the TSC426 output when 
the output is above the positive power supply latch up is 
avoided. The limiting current is: 

I :5 VsE 
R2 11 RONP 

where: 

RONP = ON resistance of P channel device. (15 ohms 
maximum) 

VsE 02 base emitter turn on voltage. 
(Approximately 0.6 V) 

R2 Bulk resistance 

Assuming the ON resistance dominates, the current should 
be limited to 40 mA. A similar analysis with the output below 
ground indicates the current pulled out of the TSC426 out
put should be limited to 60 mA. The maximum allowable 
latch current is temperature sensitive. At high chip tempera
ture the base emitter voltages are reduced. A 1 •c rise lowers 
VsE by 2.2 mV. 

Current limiting with a series output resistor may not be 
practical in all systems. The output rise and fall times may 
increase. An alternate solution uses low forward voltage 
output clamp diodes to bypass the SCR trigger current 
around the device. 

External output clamp diodes prevent the TSC426 output 
from being pulled far enough outside the power supply 
range to turn on the parasitic SCR. (See Ap Note 31) 

Vee MAKE CONNECTIONS CLOSE 
/ TO DEVICE PINS 

INPUT 

0.1 µf T CERAMIC 
¢DISK SCHOTTKY DIODES 

C>------<~---0 OUTPUT 

TIE UNUSED INPUT TO GROUND 

\ 
MINIMIZE LEAD 
LENGTH TO 
POWER MOSFET 

Figure 4: Diode Output Clamp Prevents SCR Action. 

The external diodes must have a lower forward on base to 
emitter voltage than the parasitic transistor junctions. 
Schottky small signal diodes are suitable. Several possible 
types are: 

• Hewlett Packard: P/N 5082-2303 
• Motorola: P/N MBR120P 
• Varo: P/N VSB52 (Four diode bridge) 

To be effective the output clamp diodes must be connected 
close to the output, supply and ground device pins. 

APPLl.CATION NOTE 25 

STRAY INDUCTANCE IN POWER SUPPLY 

Vg= 18V 

Lg·= 50 nH v+ 

l:N= L~• 60 (10-9
) 20 :~0-9 = 1.5VI 

ASSUME: 

alo=°:6A 
at·= 20111 

STRAY INDUCTANCE IN POWER SUPPLY CAN CAUSE VOLTAGE AT y+ 
TO-EXCEED ABSOLUTE MAXIMUM RATING. SOLUTION IS TO BYPASS 
SUPPL VAS CLOSE TO PINS 6 & 3 AS POSSIBLE. 

Figure 5: Stray Supply Lead Inductance Can Decrease 
Reliability. 

0.1µf 
MONOLITHIC CAPACITOR 

1. LOW INDUCTANCE 0.1 µf CERAMIC DISK OR MONOLITHIC CAPACITORS 
2. BYPASS AS CLOSE TO PIN 6 & 3 AS PHVSICALL V POSSIBLE 
3. REMEMBER: UNUSED INPUTS SHOULD BE GROUNDED! 
4. BYPASSING IS IMPORT ANTI 

Figure 6: Suggested Bypass Procedure. 

v,. 
V1NO-----+--.J>N----+---I 

Figure 7: TSC426HasCMOSlnputs. Speedup 
Capacitors Are Not Required. 
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TSC426/427/428 SYSTEM 
DESIGN PRACTICE 

Supply bypass capacitors must also be connected between 
Vee (Pin 6) and Ground (Pin 3). Connections must be close 
to the actual device pins (approx. 0.5"). A 0.1 µf ceramic disk 
capacitor in parallel with a 1 µf low ESR film capacitor is 
suggested. Without supply bypassing, power supply lead 
inductance can cause voltage breakdown. The bypass capa
citors also supply the transient current needed during capa
citive load charging. 

A 1 Oto 15 ohm resistor in series with the power supply filters 
voltage spikes present at the TSC426/427 /428 supply terminal. 
Should latch up occur, this will also limit current. Rise and fall 
time will not be affected ifthe recommended supply bypassing 
is used. See Figure 8. 

The DS0026 has a bipolar input. A speed up capacitor is 
normally used to decrease switching time. Base storage time 
is reduced. The capacitor causes a voltage spike drive at the 
input that extends beyond Vee or ground. The TSC426 input 
is CMOS and does not require a speed up capacitor. In 
converting DS0026 sockets to the TSC426/427/428 the 
capacitor should be removed. This will maximize drive to the 
device and minimize transition time. Benefits include fewer 
components and reduced insertion costs. See Figure 8. 

1 µf 

WIMA 
MKS-2 

0.1 µf AVX RAM GUARD 7 CERAMIC MLC 

OUTPUT 

Figure 8: RL Current Limiting Protects Device and Will 
Not Degrade Switching Speed. 

The TSC426/427/428 outputs feature a low impedance P 
channel pull-up MOS device and low impedance N channel 
pull-down MOS device. The low resistance outputs are 
responsible for the 30 ns rise and fall times. The CMOS 
construction minimizes current drain. 

17-89 

The output N and P channel devices should not be forced to 
conduct current simultaneously. This can happen if an 
unused input is left floating. Unused inputs must be connected 
to ground or the positive supply. A ground connection will 
minimize steady state supply current. This is common 
engineering practice followed in CMOS logic system 
design but is sometimes overlooked during a "quick" 
bench evaluation. Floating inputs cause excessive current 
flow and may potentially destroy the driver. 

The input drive signal should also have rise and fall times less 
than 1 µs. This minimizes time spent in the output stage 
transition region. 

Package Power Dissipation 
Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power 
dissipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDIP 8-pin package junction to ambient thermal resistance 
is 150°C/W. At 25°C the package is rated at 800 mW 
maximum dissipation. Maximum allowable chip temperature 
is 150°C. 

Three components make up total package power dissipation: 

• Capacitive load dissipation (Pc) 
• Quiescent power (Po) 
• Transition power (PT) 

The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation per driver is: 

EQ.1:Pc fCVs2 
where: F switching frequency 

C capacitive load 
Vs supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.4 mA total current drain. Logic high signals 
raise the current to 8 mA maximum. The quiescent power 
dissipation per driver is: 

Vs 
EQ. 2: Po= 2 (D (IH) + (1-D) IL) 

where: IH =quiescent current with both inputs high 
(8 mA Max) 

IL =quiescent current with both inputs low 
(0.4 mA Max) 

D = duty cycle 

• 



TSC426/427/428 
Transition power dissipation is normally not significant. It 
arises because the output stage N and P channel MOS 
transistors are on simultaneously for a very short period 
when the output changes. The transition package power 
dissipation per driver is approximately: 

EQ. 3: PT= f Vs (1.63 x 10-9) 

An example shows the relative magnitude for each term. Both 
drivers are driven with a 50% duty cycle signal at the same 
frequency. Capacitive load is the same for each driver. 

Example 1: 
c = 1000 pf 
Vs= 18 V 
D = 50% 
f = 200 kHz 
Po= Package power dissipation= Pc+ PT+ Po 

= 130mW+11.7mW+3BmW 
= 180mW 

Max. operating temperature = T J - 8JA (P0 ) 

= 123°c 

·where: 
T v Max. allowable junction temperature (150°C) 
BJA = Junction to ambient thermal resistance (150°C/W, 

CerDIP) 

Table 1 gives the total package power dissipation for several 
different cases using the formulas developed above. If only 
one driver is active divide the package power dissipation 
numbers by two in Table 1. 

APPLICATION NOTE 25 

Table 1: TSC426 Package Power Dissipation 

Package Power Dissipation 
CerDIP Package[8JA = 150°C/W] 

Max 
Input Ambient 

Capacitive Input Supply Stage AC Spike Total Operating 
Load Frequency Voltage Power Power Power Power Temp 
[pF] [kHz] [V] [mW] [mW] [mW] [mW] ['C] 

1000 50 16 75 32 2 109 125 
1000 100 16 75 64 5 144 125 
1000 200 16 75 129 11 215 117 
1000 400 16 75 259 23 357 96 
1000 1000 16 75 646 56 761 32 
1000 50 12 50 14 1 65 125 
1000 100 12 50 26 3 61 125 
1000 200 12 50 57 7 114 125 
1000 400 12 50 115 15 180 122 
·1000 1000 12 50 266 39 377 93 
2000 50 16 75 64 2 141 125 
1000 1600 12 50 516 70 636 54 

50 4000 16 75 129 234 436 64 
1000 100 16 75 64 5 144 125 
500 100 16 75 32 5 112 125 
500 200 15 63 45 9 117 125 
500 100 15 63 22 4 69 125 

Notes: 1. Duty Cycle = 50%. 
2. Each input driven. 
3. Each output with load C. 
4. Ambient operating temperature should not exceed 65°C 

for "IJA" device or 125°C for "MJA" device. 
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"'"'TELEDYNE 
SEMICONDUCTOR 

FLEXIBLE TSCSOO ADC 
SIMPLIFIES DESIGN TRADEOFFS 

By Wes Freeman 

Designers who need to convert analog signals to digital 
rapidly gain respect for the word "tradeoff." At first glance, 
the wide variety of analog-to-digital converter (ADC) products 
available would indicate that the "perfect" ADC for any appli
cation is readily available. All of these products, however, 
involve tradeoffs in speed, power consumption, accuracy, 
price, and flexibilty, among others. These trade-offs are not 
mere specmanship, either. Speed, price, and power consump
tion, for example, can vary by orders of magnitude from pro
duct to product. 

The overriding ADC tradeoff is usually speed. Digitizing high 
speed signals typically requires a successive approximation 
or flash ADC. The designer must then accept the cost and 
power penalties which usually accompany these devices. 

Many analog phenomena, however, change slowly. Com
monly measured physical events, for example, include tem
perature, humidity, pressure, strain, and pH. The dual-slope 
integrating ADC is the typical choice for low speed conversion, 
due to its high resolution at low cost and low power. Even 
though a variety of dual-slope ADCs are available, tradeoffs 
can still occur because the analog sensors vary widely in reso
lution, linearity, output impedance, and output level. 

One solution to converting the wide variety of analog signals 
can be found in a flexible ADC. The TSC500, from Teledyne 
Semiconductor, contains all of the analog circuitry required 
for an integrating ADC. By transferring the digital portion of 
the ADC to the counters and software of a host processor, the 
TSC500 can be used to solve a wide variety of data conver
sion problems. 

SWITCH DECODER 
& CONTROL LOGIC 

COMPLETE 
INTEGRATING ADC 

OUTPUT 
BUFFERS 

HIGH 
BYTE 

LOW 
BYTE 

TSC500 ADC 
APPLICATION 
NOTE 26 

The TSC500 gives the design engineer powerful control over 
the resolution/conversion-speed tradeoff, while adding flexi
ble input voltage scaling. Also, this flexibilty is made available 
at low cost and with only 10 mW power dissipation. 

A typical ADC and microprocessor interface is shown in 
Figure 1. Notice that the digital functions of the ADC are 
duplicated in the microprocessor. Replicating these circuits 
on the ADC simplifies software development, because the 
conversion result is merely read as one or more memory 
locations. Although the hardware interface also seems to be 
simple, the package size and large number of 1/0 lines 
necessary can be a real limitation in small systems or with 
single-chip microcomputers which are not bus oriented. 

Figure 2 shows the TSC500 and microprocessor interface. 
The counters, control logic, and most 1/0 functions have 
been moved to the microprocessor. Only three 1/0 lines are 
required, and both the size and cost of the ADC are reduced. 
More importantly, the designer can now specify the ADC 
resolution instead of selecting whatever is available in an 
existing product. 

The TSC500 permits control of the conversion's resolution 
because resolution is determined by the host processor's 
software. With standard ADCs, resolution is determined by 
hardware on the chip. The designer who needs, for example, 
.04% resolution is forced to use a 12-bit ADC with .025% 
resolution. By using the TSC500, however, a 2500-count full
scale output is as easy to design as a 4096 .count (12-bit) 
output, but yields a 40% increase in conversion speed. 

MICROCOMPUTER 

1/0 

CONTROL- 5 LINES 

Figure 1: Typical ADC Interface to µC 
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TSC500 ADC 
ANALOG 
FRONT END 
ADC 

COMPARATOR OUTPUT 

APPLICATION NOTE 26 

MICROCOMPUTER 

1/0 

A 1------------< 
SWITCH DECODER 

Figure 2: TSC500 Interface to µC 

The ability to select full-scale is useful for measuring outputs 
which do not fall readily into a binary sequence. One such 
example is the 150 degree Centigrade operating range limit of 
IC temperature sensors such as the LM35 from National Semi
conductor. By using a 1500 count ADC, the LM35's output can 
be read directly in tenths of a degree Centigrade. Adjusting the 
ADC's full-scale range to the sensor's output in engineering 
units can simplify software for data analysis and display. 

CAZ= 1 µf 

CREF = 1 µf 

16 

vs v~ 

Figure 3: Functional Diagram of the TSC500 

The functional diagram of the TSC500 is shown in Figure 3. 
The design features include low leakage CMOS switches, high 
impedance input buffer, integrator op-amp, two-stage com
parator, and digital control logic. These components, pack
aged in a 16-pin DIP,.form the analog section of an ADC whose 
resolution can extend from less than 8 to greater than 14 bits. 

CONTROL· LOGIC 

A CONVERTER STATE 

0 ZERO INTEGRATOR OUTPUT 
0 1 AUTO-ZERO (ZERO SCALE OFFSET/DRIFT CORRECTION) 

0 SIGNAL INTEGRATE 
INT DE INTEGRATE !REFERENCE VOLTAGE INTEGRATE) 

ANALOG 
SWITCH 
CONTROL 
SIGNALS 

..,"""' TSCSOO 

POLARITY 
DETECTION 

PHASE 
DECODING 
LOGIC 

12 13 

A-~ 
CONTROL LOGIC 

t---+1-50 GND 
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FLEXIBLE TSCSOO ADC 
SIMPLIFIES DESIGN TRADEOFFS 

The CMOS switches permit very flexible input and reference 
voltage applications. During the signal integrate phase, the 
two SWI switches connect Vl°N to the input buffer and VIN to 
the integrator. These connections provide a fully differential 
signal input, within the common-mode input range. The 
signal input common-mode range extends from (V~ minus 1.5) 
to (Vs plus 1.5 V), providing an easy interface for bridge
type and other differential input applications. 

A reference capacitor and switch matrix combine to also ease 
reference voltage limitations. During autozero the SWRC 
switches close, charging the reference capacitor to VREF. 
Then, during deintegrate, the SWRI switches connect CREF to 
the buffer input. Because CREF isolates the reference inputs 
from the buffer, there are no common-mode limitations on the 
reference voltage. The REFHI and REFLO inputs can therefore 
be located anywhere within the power supply range. 

The differential reference is especially useful for bridge appli
cations, because the reference can be derived from the same 
voltage that drives the bridge. Changes in the bridge driving 
voltage wi II not, therefore, affect the ADC's output. Since there 
are no common-mode limits on the reference inputs, simple 
ratiometric resistance measurements are also possible. 

The reference capacitor also combines with CMOS switches 
to produce a bipolar reference from the single-polarity refer
ence inputs. Four SWDI switches in a bridge configuration 
connect CREF to the buffer input. By the closure of opposing 
pairs of switches, CREF can be connected as either a positive or 
a negative voltage. When the TSC500 deintegrate phase is 
selected, control logic samples the integrator polarity. Internal 
control logic then closes the appropriate pair of SWRI switches 
to select correct reference polarity. 

The TSC500's excellent input characteristics are also a func
tion of the low leakage, low noise metal gate CMOS process. 
Input bias current is only 10 picoamperes maximum, while 
input noise is typically limited to 30 microvolts peak to peak. 
Input buffer linearity is critical for system performance, so a 
class A output stage is used. The buffer output can supply 20 
microamperes of current with negligible nonlinearity. 

The main limitation in the conversion time of an integrating 
ADC is comparator response time. Although the TSC500's 
targeted response time of four microseconds is three orders 
of magnitude below the speed of available bipolar products, 
several constraints combine to make the design task difficult. 
First, the comparator must resolve about 50 microvolts in a 
slowly changing ramp, instead of the millivolt-level step 
response usually specified in comparator specs. Also, the 
comparator must operate on less than 400 microamperes of 
supply current, and be fabricated in a low-noise CMOS pro
cess. Finally, the comparator should be unity gain stable to 
minimize oscillation during the autozero phase. 

TSC designers solved the high-gain/fast-response dilemma 
by utilizing two comparators. The first comparator is unity
gain stable, and is included in the autozero loop. The second 
comparator, operating open loop, provides the CMOS output 
levels required. In both comparators, cascade gain stages 
were used to minimize Miller capacitance and improve speed. 

Input offset voltage (Vos) of the buffer, integrator, and com
parator #1 are unimportant because the errors are stored 
during the autozero phase. Comparator #2 is not in the auto
zero loop, however, so its Vos must be minimized to reduce 
potential rollover and zero-offset problems. The input FETs of 
comparator #2 were therefore implemented as a cross
coupled quad, with close matching of devices and isothermal 
orientation. The combination of careful layout, low power 
dissipation on-chip, and the fact that comparator #2's Vos is 
attenuated by the gain of comparator #1 ensure that rollover 
errors are held to less than .01% maximum for a 4 1/2 digit 
conversion. 

The TSC500's only feedback path to its host microprocessor is 
via the comparator output. This output must, therefore, relay 
both polarity and zero crossing information. For large input 
signals the method is straightforward. The comparator status 
is read and stored prior to deintegrate, which establishes 
polarity. After the ADC is switched to deintegrate mode, the 
comparator output is monitored for the polarity reversal that 
signals zero crossing. 

This method can fail for signals near zero, however, espe
cially in the presence of normal mode noise. In this case, the 
comparator state can change several times during signal 
integrate. If a polarity reversal occurs between reading of 
polarity and start of deintegrate, the zero crossing will not be 
detected. This method also makes the polarity of the edge 
that signals zero crossing dependent on input polarity, which 
complicates the generation of interrupts. 

A unique output circuit, shown in Figure 4a, solves both of 
these limitations. When the deintegrate phase is selected, 
comparator #2's polarity data is latched into an internal flip
flop. The inverting output of the flip-flop drives an exclusive
OR gate which ensures that, at the beginning of deintegrate, 
the comparator output will be driven to a logic high state. 

FLIP-FLOP 

DECODER & 
SWITCH DRIVERS 

~COMPARATOR 
~OUTPUT 

A 

(a) 

Figure 4a: Simplified Schematic of TSCSOO 
Comparator 
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TSCSOOADC 
Figures 4b and 4C show the TSCSOO's comparator output for 
both positive and negative polarity inputs. Notice that po
larity status is still valid before deintegrate begins. Even if 
polarity changes while the comparator output is being read, 
indicating an input very near zero, the comparator will still 
switch states when entering the deintegrate phase. In addi
tion, zero crossing is always signalled by a negative-going 
transition of the comparator output. The negative-edge output 
is consistent with the interrupt structure of many common 
microprocessors. 

I USER TESTS FOR POLARITY 

f r END OF CONVERSION 

.. ----------. ~ ,., _J U1:1i 
I I I I 

LJ .L COMPARATOR 

(b) Positive Input ouTPuT 

1 n n u LJ L COMPARATOR 

(c) Negative Input ouTPuT 

Figure 4b & c: Comparator Output Waveforms 
This unusual comparator circuit conveys both polarity and 
end of conversion information. For a positive input the com
parator will be in a high state during integrate (b) while for a 
negative input the output is low (c). In either case, the exclu
sive OR gate (fig. 4a) ensures that the comparator output will 
go high when deintegrate begins. 

Table 1: TSC500 Control Inputs, Converter State, and 
Internal Switch Status. 

Con
Control version 
Logic Phase 

A B 

Zero 
0 0 lnte-

grater 

0 Auto-
Zero 

Signal 
0 lnte-

grate 

Deinte-
grate 

Internal Analog Switch Status 

SW1 SW~1 swfi1 SWz SWR SW1 SW1z 

Closed Closed 

Closed Closed Closed 

Closed 

Closed• Closed 

•Assumes positive-polarity input signal. For negative input signal, 
SWfi1 is closed. 

APPLICATION NOTE 26 

The TSCSOO's two logic inputs control the phases of the inte
grating analog-to-digital conversion. (For further information 
on dual-slope A/D conversion, see appendix A of Teledyne 
Semiconductor Application Note AN-23). As shown in Table 1, 
the TSCSOO adds an additional phase, zero-integrator, to the 
conventional autozero, signal integrate, and deintegrate 
phases. The zero-integrator mode can greatly reduce one of 
the integrating ADC's drawbacks, slow recovery from an input 
overrange condition .. Slow overrange recovery is a problem 
when several inputs are multiplexed into one integrating ADC, 
because an overrange on one channel will affect the accuracy 
of other channels. 

The source of the integrating ADC's slow input overrange 
recovery is shown in Figure s. Under normal conditions, the 
integrator ramps up during signal integrate, then back to zero 
volts during deintegrate (Figure Sa). When the signal input 
exceeds full-scale, however, the integrator output does not 
reach zero volts before the end of deintegrate (Figure Sb). If 
the ensuing autozero period is not long enough to discharge 
the integrator to zero volts, succeeding conversions will pro
vide erroneous data. The zero-integrator phase, on the other 
hand, provides a rapid discharge of the integrator error vol
tage (Figure Sc). This speedup occurs because, during zero
integrator, the integrator is actively driven toward zero volts. 

r--INT--1~ OEINT-----1-AZ-\ 

VIN <VFULL-SCALE 

Ov----'f" 
INTEGRATOR 
OUTPUT 

VIN~ VFULL-SCALE 

Ov•----f 
INTEGRATOR 
OUTPUT 

VIN;;;,, VFULL-SCALE 
WITH ZERO 
INTEGRATOR 

Ov·---"f 
INTEGRATOR 
OUTPUT 

Figure 5: TSC500 Integrator Output Waveforms 
During: · 
(a) Normal Operation 
(b) Input Overrange 
(c) Input Overrange with Zero Integrator Cycle 

The integrator output normally returns to 0 Vat EOG (a), but 
an error voltage remains if the input is overranged (b ). Adding 
a zero integrator cycle speeds overrange recovery (c). 
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FLEXIBLE TSCSOO ADC 
SIMPLIFIES DESIGN TRADEOFFS 

Figure 6 demonstrates the difference between autozero and 
zero-integrator operation. During autozero, the buffer's input 
is connected to circuit common (Figure 6a). Disregarding 
offset voltage, the buffer's output will be zero volts. Any charge 
remaining on the integrator capacitor after deintegrate must 
discharge through R1NT, and the time constant is quite long. 
The zero-integrator phase speeds the error recovery by con
necting the buffer input to comparator #1's output. Since the 
comparator output swing is greater than plus/minus four volts, 
discharge time is greatly reduced. Zero integrator must be 
followed by autozero, so that the buffer offset is cancelled. 
Typically, if 20% of the normal autozero period is devoted to 
zero-integrator following an overrange, then the integrator 
capacitor will be discharged. 

Integrating ADCs are suitable for both system and display 
applications. The system ADC is typically part of a micropro
cessor based system, with the ADC accessed via a data bus or 
input/output (1/0) port. System ADCs typically produce binary 
data, and have three-state, bus compatible outputs. Display 
converters, on the other hand, are most often used as the heart 
of a dedicated instrument such as a digital multimeter. Display 
converters typically operate with decimal data and have 
binary-coded decimal (BCD) or seven segment outputs for 
easy interface to a visual display. 

INTEGRATOR 
BUFFER 

TO 

COMPARATOR 
N0.2 

Figure Sa: TSCSOO Simplified Schematic During 
Auto-Zero 

BUFFER 
INTEGRATOR 

TO 

COMPARATOR 
NO. 2 

Figure 6b: TSCSOO Simplified Schematic During Zero 
Integrate 

Overrange recovery is slow in auto-zero because the buffer is 
connected to 0 V (a). The zero integrator phase connects the 
buffer to the comparator output to actively discharge the 
integrator (b). 

TSC500 ADC 
The TSCSOO's flexibility permits it to be used in both system 
and display applications. Combined with a microprocessor 1/0 
port, the TSC500forms a binary ADC with resolution of Bto 14 
bits. Conversion rates of the binary ADC range from 400 down 
to 5 per second, while the high impedance signal inputs and 
differential reference ensure flexibility in measuring a variety 
of analog sensors. 

When teamed with a single-chip microcomputer. on the other 
hand, the TSC500 can form an equally flexible display conver
ter. Features which are difficult to implement with a dedicated 
display ADC become easy with the analog front end approach. 
Desireable features for a hand-held multimeter. for example, 
might include autoranging, bargraph display, relative mea
surements with decibel conversion, or programmable limits 
with buzzer alarm. Adding features in software can reduce 
development costs for a product family, as well as permitting 
product differentiation. 
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An example of the TSC500 used as a system ADC is shown in 
Figure 7. Only three active and ten passive components are 
required, in addition to the µP 1/0 port, to form a very flexible 
ADC. Since the TSC500 is available in a 16-pin DIP, PCB area 
is actually less than that required for a dedicated but less flexi
ble ADC. 

All of the analog components, except the reference, are con
tained in the TSC500. The passive components are inexpen
sive, and critical tolerances are not required. The integrating 
capacitor, C1NT, must have very low dielectric absorption, so 
polypropylene is recommended. The other capacitors can be 
polypropylene, MYLAR, or other low leakage film type. 

The ADC's reference voltage is provided by two TSC9491 s, 
which operate like a 2.44 volt Zener diode. Requiring a mini
mum bias current of only 50 µA, the TSC9491 is available in 
temperature coefficient grades of 50 or 100 ppm/°C. If the 
ADC's reference voltage is less than 1.22 V, only one TSC9491 
is required. 

Although the TSC500 requires +/-5 V power supplies, the cir
cuit operates with a single +5 V connection. A monolithic DC 
to DC converter, the TSC7660, combines with two electrolytic 
capacitors to convert a +5 V input into -5 V. The TSC500 only 
requires 1.5 mA of supply current, so the TSC7660 provides a 
voltage conversion efficiency of about 98%. Eliminating a 
separate -5 V supply reduces power supply bulk and expense, 
as well as simplifying power distribution and PCB layout. 

The µP 1/0 device is a Synertek SY6522, which contains two 
bidirectional 8-bit 1/0 ports, four interrupt control/handshake 
pins, two 16-bit timers and a shift register. Only four 1/0 bits, 
one interrupt input, and the timers are used for the ADC inter
face. The remainder of the 1/0 port functions are available for 
selecting multiplexed inputs, accessing a visual display, or 
other functions. 

The TSC500/SY6522 interface only requires three digital con
nections, which is a significant advantage when the ADC is 
located some distance from the 1/0 port. Two SY6522 1/0 bits, 
configured as outputs, control the TSC500's dual slope inte
gration algorithm. The comparator output can either be read 
by polling an iriput port or by generating an interrupt. In most 
cases the interrupt would be used, of course, but input polling 
is useful while debugging software. 
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Figure 7: TSC500 Interface to a Typical µP 1/0 Port 

The circuit makes use of both of the SY6522's counter/timers. 
Timer #1 is used to generate the ADC clock pulses, while timer 
#2 functions as the ADC's counter. The frequency output of 
timer #1 therefore controls the ADC conversion speed, while 
the binary number loaded into the counter determines the 
ADC resolution. During deintegrate, the count in timer #2 
when the comparator output switches to a logic low state is 
proportional to the analog input voltage. 

Timer #1 operates in its "free running" mode to generate the 
ADC clock. In this mode, the µP's clock is divided by a 16-bit 
integer stored in the T1 latches. The result isa square wave out
put on pin PB?. The clock frequency can be modified, by 
changing the divider constant, to adjust conversion speed or to 
reject specific normal mode noise frequencies. 

Counter/timer #2 is programmed for its pulse counting mode. 
When a number is loaded into the T2 latches, the counter will 
decrement with each negative pulse on input PB6. Connecting 
PB? to PB6 permits the counter to operate at the frequency 
programmed into Timer #1. An interrupt flag is set when the 
counter underflows, signalling the end of each measurement 
cycle. 

As mentioned previously, the TSCSOO hardware combines 
with µP software to form an ADC. Software for the circuit, 
written in 6502 assembly language, is shown in Listing 1. The 
logic flow is shown in Flowchart 1. This program will produce a 
12-bit conversion, but the resolution can easily be increased 
or decreased. 

TSC500 CAZ 

INPUT 

15 

12-bit Analog to Digital Conversion Software for the TSC5!U ADC, 
controlled by a 651'2 Microprocessor and 6522 I/0 Port 

~4119 A2H 
lilU2 B6AI 
9U-t 2958114 
841117"921 
109 2Cf0,\ll 
HIC FllFB 
llUE AZIH 
1141111 2115894 
9413 A9211 
1415 2CIOAlil 
1418 FIFB 
IJUA ADHAlll 
1410 85Al 
HlF A212 
11421211158114 
11424 A9111l 
IJ4.2t lClllAJll 
1429 FHA 
9428 A9211 
11420 2CllOAI 
11439 FllF2 
11432 4Cf!U4 
!11435 ADlliBAI 
"436 ACll9A.ll 
9438 CDlllBAll 
943E BIJll6 
llUlil CC119M 
1443 Flllllll 
11445 CB 
11'446 B5A2 
IJ44B B4A3 
!\JHA g6All 
844C "91112 
11'44E BDll'lAlll 
111451 "92" 
i1453 2Cil0Alll 
11456 PilF9 
111458 4Clililil4 
111458 BDHll8 
11145E BDlillAlll 
111461 EB 
111462 BDHl!IB 
8465 8Dil8Alll 
1468 ES 
9469 BDllHB 
1146C 8Dlll9Alll 
11146P 6111 
ilBH 
IJBl!lil il2ilHBill 
8884 lllllllll811131!18UJ 

INTGR 

INTGRLP 

OEINT 

REAOEOC 

EOCOI< 

ZERLPl 

SETCNT 

PHZCNT 

LOX 
STX 
JSR 
LOA 
BIT 
BEQ 
LOX 
JSR 
LOA 
BIT 
OEQ 
LOA 
STA 
LOX 
JSR 
LOA 
BIT 
OEQ 
LOA 
BIT 
OEQ 
JHP 
LOA 
LOY 
CHP 
BCS 
CPV 
OEQ 
INV 
STA 
STY 
INC 
LOA 
STA 
LOA 
BIT 
BEQ 
JHP 
LOA 
STA 
INX 
LOA 
STA 
INX 
LDA 
STA 
RTS 
ORG 
DO 
DO 

" OVRFLG 
SETCNT 
12111H 
IOPT+l!IDH 
AZt.P 
II 
SETCNT 
i2111H 
IOPT+lllOH 
INTCRLP 
lOPT 
SIGN 
12 
SETCNT 

'" lOPT 
REAOEOC 
129H 
lOPT+lllDH 
DEINTt.P 
AZ 
IOPT+l!IB 
IOPT+9 
IOPT+B 
EOCOI< 
IOPT+9 
EOCOR 

;load pointer for autozero 
; first, clear overflow fla9 
;aet TSC599 & counters for A-Z 
1loop until 
; autozero phase 
; is complete 
;load pointer for inteqrate 
; phase and begin 
;wait to complete 
; integrate 
; phase 
;clear INT from CBl 
; and save siqn bit 
;aet up 
; deinteqrate phase 
; haa comparator changed 
; state, indicating EOC? 
;yes, get results 
;no, so test 
; for timeout of 
; timer 12 
;timer overflow, input overranqed 
;read the 16-bit value 
, in timer 12 
,read lo byte again 
;2nd reading lower is correct 
;if 2nd reading highet. did 
, hi byte chanqe? 
; if yes, add one to hi byte 

RESULTLO ;!Store ADC result 
RESULTHI , in RAH 
OVRFLG ,set no-overrange flag 
tAZIO ;end of deint.egrate, so set 
IOPT+l ; TSC51!11J to autozero 
t28H ;wait untll counter 
IOPT+ilDH ; overflow indicates 211118 
ZERLPl ; counts of deinteqrate 
AZ ;do another conversion 
PHZCNT,X ;enter this routine With ADC 
IOPT+l ; phase in X reg; as a pointer to 

; a table which contains the 
PHZCNT,X ; TSC5811 control bits and timer 
IOPT+8 ; constant for each phase 

; aet TSC51!18 to de51 red phase, 
PHZCNT, x ; load 6522 down-counter, 
IOPT+9 ; and return 

81!18H ;Table for TSC5H control 
2,98,88,l ;bits and counter values 
118,88,3,llllll,llH 

Listing 1: Software for 12-bit ADC with TSCSOO and 6502 µP 
Combine this software with the hardware of Figure 7to form a 
12-bit ADC. The converter's resolution can be adjusted by 
changing the counter values stored in the "PHZCNT" table. 
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FLEXIBLE TSC500 ADC 
SIMPLIFIES DESIGN TRADEOFFS 

LOAD TIMER WITH AUTO-ZERO COUNT 
SET TSC500 TO A/Z PHASE 

NO 

LOAD TIMER WITH INTEGRATE COUNT 
SET TSC500 TO INTEGRATE PHASE 

NO 

LOAD TIMER WITH DEtNTEGRATE COUNT, 
RESET INTERRUPT FLAG FROM TSC500 

COMPARATOR, SET TSCSOO TO DEINTEGRATE PHASE 

NO 

READ 16-BITCOUNTER VALUE 

NO 

ADD ONE TO HIGH BYTE 

SET TSC600 TO AUTO-ZERO 
WAIT FOR TIME-OUT OF DEINTEGRATE PHASE 

Flowchart #1 

YES 

Before the actual conversion can begin, some housekeeping 
tasks must be completed. These tasks, not shown in the listing, 
include setting 1/0 ports, configuring timers, and clearing 
interrupt flags. Once initialization is completed, the analog-to
digital conversion process can begin. 

The conversion software begins by placing the TSC500 in its 
autozero mode. For a 12-bit converter the autozero cycle is 
2048 counts, so the counter registers are loaded with this value. 
The counter immediately begins decrementing at the square 
wave frequency and the µP waits for the counter underflow 
that signals the end of autozero. 

The signal integrate phase is identical to autozero, except for 
placing the TSC500 in signal integrate mode. The integrate 
cycle is also 2048 counts, and the integrate period is selected 

TSCSOO ADC 
to provide optimal normal mode noise rejection. After the sig
nal integrate cycle is complete, deintegration begins and the 
analog input value is determined. 

The deintegrate cycle begins by reading the comparator out
put. This action serves a dual purpose. First, the comparator 
state at the end of signal integrate establishes input polarity. 
Second, reading the input port resets the corresponding inter
rupt bit. The next negative edge on the comparator output will 
set the interrupt flag and signal the zero crossing. 

Deintegrate continues by placing the TSC500 in its deintegrate 
mode and again loading the down counter. For a 12-bit con
version the counter value is 4096. The software then begins 
testing for zero crossing and end of conversion. 

In the deintegrate loop, a test is first made for zero crossing. If 
the interrupt bit which corresponds to the comparator is not 
set, then the program tests for counter underflow. The pro
gram continues to loop until either zero crossing or counter 
underflow occurs. 

When zero crossing occurs, the contents of the down counter 
represent the analog conversion result. The counter value is 
therefore transferred to memory for further processing. A 
memory location is also incremented to indicate that zero 
crossing has occurred. This memory location can be tested 
during autozero if the user wishes to include an optional zero
integrator phase. 
Rather than stopping and restarting the counter, the registers 
are read "on the fly." Several steps are required to ensure that 
data does not change between reading the high and low bytes. 
If the high order byte changes between readings, the result 
would be 256 counts of error. The program therefore reads the 
counter registers twice, and tests for a borrow occurring 
between the two read operations. If the high byte has changed, 
a correction is applied before data is stored in memory. 

Once the conversion result is stored, the program again waits 
for the deintegrate phase to end. When the counter under
flows, the conversion cycle is complete. The program loops 
back to autozero if another conversion is desired, or jumps to 
software which processes the ADC data. Since timer #2 is a 
down counter, the stored data must be subtracted from 4096to 
get the actual analog input. 

The software shown in Listing 1 keeps the µPin a continuous 
loop during conversion. In normal practice the conversion 
would be interrupt driven, so that the µP would be free for other 
tasks. To convert the software to interrupt operation, routines 
must be added which will recognize interrupt sources and also 
keep track of the conversion phases. 

The TSC500 interface only requires a small portion of the 1/0 
port's available functions, so additional features are easy to 
add. Figure 8 shows one possible expansion by adding input Ill 
multiplexers for eight differential analog signals. A four digit 
LED display is also included. The TSC701AM accepts BCD 
data, decodes the data to seven segment display format, and 
provides 28 LED segment driver outputs with 18 mA current 
capability. Placing CA2 in its pulse output mode will latch data 
into the TSC701AM simply by writing to port A. Four bits of 1/0 
are still available for controlling motors, heaters, valves, etc., or 
for monitoring digital inputs. 
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Figure 8: 8-Channel Data Acquisition System 

TSCSOO Comparator Behavior After 
Zero Crossing 
The TSC500 comparator is designed to produce a negative
going edge-triggered output which signals the end of con
version. This transition occurs during the deintegrate phase, 
when the integrator output passes through zero volts. In most 
cases, the. result will be a single negative-going transition. 
Occasionally, however, and especially in a noisy electrical 
environment, the comparator may make more than one 
transition. 

Multiple comparator pulses are seldom a problem in a micro
processor sytem, since most µPs will not respond to a second 
interrupt until the first one is serviced. The service routine 
then disables the interrupt until the next deintegratecycle, so 
additional comparator transitions are ignored. 

Problems do occur, however. in circuits built with discrete 
logic. If the unbuffered negative comparator edge is used to 
transfer data to latches, for example, multiple transitions will 
produce erroneous data. More importantly, additional transi
tions during auto-zero and integrate cycles will make the 
latched data meaningless. Therefore, designers of non-µP 
TSC500 systems should provide logic which will ensure that 
end of conversion is only determined by the first negative 
comparator transition which occurs after the TSC500 is 
placed in deintegrate mode. 

Photograph #1 demonstrates the TSC500 comparator output 
at the end of a conversion. As the integrator output (top trace) 

28 SEGMENT 
OUTPUTS 

4-0IGIT LED 
DISPLAY 

-3999 

passes through zero volts, the comparator output (bottom 
trace) goes from a high to a low state. In this example, only a 
single negative-going transition was observed. 

After zero crossing, Photograph #1 shows that the integrator 
overshoots zero volts, continuing downward until the TSC500 
is switched to zero-integrator mode. The ZI cycle rapidly dis
charges the overshoot error voltage, preparing the TSC500 for 
its next conversion cycle. After a short period of time in ZI, 
however, the comparator begins to oscillate. External circuitry 
which latches data at each falling edge of the comparator will 
now latch erroneous data. Additional gating of the comparator 
output, as outlined above, will prevent this error. (Notethatthe 
oscillations observed are comparator #2. This does not imply 
that the ZI loop, which uses feedback from the output of com
parator #1, is unstable). 
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NUMERICAL-INTEGRATION 
TECHNIQUES SPEED DUAL-SLOPE 
A/D CONVERSION 
By Gary Grandbois and Wes Freeman 

By using low-cost microprocessors and a program-controlled 
numerical-integration technique, you can achieve good noise 
rejection and take full advantage of the higher speeds offered 
by recently developed dual-slope A/D converters such as the 
TSC7109. 

This and similar converters overcome the speed limitations 
imposed by logic-gate and analog-comparator delays in ear
lier dual-slope devices, and the modern units can operate at 
rates as high as 30to100 samples/sec. Nevertheless, operating 
them at their maximum conversion rates often makes it difficult 
or impossible to achieve the high normal-mode line-frequency 
rejection that dual-slope A/O converters inherently offer at 
slower conversion rates. Thus, noise considerations have 
often precluded use of these converters attheir rated speeds -
especially in industrial environments, where line-frequency 
and other low-frequency noise components can be a particu
lar problem. 

Normal-Mode Line-Frequency Rejection 
To understand normal-mode line-frequency rejection in 
dual-slope A/D converters, consider a typical 12-bit conver
ter (Figure 1a) and its timing diagram (Figure 1 b) for one 
conversion cycle. Note that the conversion depends on 
charging the integrating capacitor during a fixed time inter
val; the number of counts necessary to discharge the capaci
tor to zero is proportional to the input voltage. 

ANALOG 
INPUT 0------0 

' +OR- L_ 
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DRIVER 

INTEGRATOR 
c 

PHASE CONTROL 

POLARITY CONTROL 

CONTROL 
LOGIC 

AID CONVERTERS 
APPLICATION 
NOTE 27 

The integrating A/D converter integrates the signal only in a 
certain time window, as Figure 1b shows. This limited inte
gration period results in normal-mode noise rejection only 
when the integration period is equal to one or more periods of 
the noise signal (Figure 2a). The time integral of this noise 
over integer multiples of the noise period is, of course, zero. 

Normal-mode noise-rejection performance can thus be 
represented as a function (Figure 2b) that reaches peaks at 
the fundamental and harmonic frequencies of the period 
defined by the signal-integrate time T. The minimum period 
T, which must equal the noise period, has been the limiting 
factor for conversion speed. At 60 Hz, for example, the mini
mum signal-integrate time is 16.7 msec; at 50 Hz, it's 20 msec. 

Because the signal-integrate ti me is only a portion of the total 
conversion time, conversion rates are significantly less than 
1/T. A standard, high-performance, dual-slope AID conver
ter includes a reference deintegrate phase, typically 2T long, 
and an autozero period equal to the signal-integrate period T. 
The total conversion time is thus 4T, which, for 60-Hz rejec
tion, yields a maximum conversion rate of 15 samples/sec; 
for 50 Hz, it yields 12.5 samples/sec. 

The most serious constraint arises when you want to offer an 
instrument for international use that can reject both 60 and 50 
Hz. This feature is attainable only when the signal-integrate 
period T can contain six cycles of 60-Hz noise and five cycles 
of 50-Hz noise. The resulting 100-msec signal-integrate 
period dictates a 2.5-conversion/sec rate. 
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Figure 1: A dual-slope A/D converter operates by charging a capacitor from the input voltage during a fixed time, 
then discharging it to zero. The number of clock periods in the discharge time corresponds to the analog input vol
tage. The size of the integrating time window determines which normal-mode noise signals are rejected. 
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{a) 

SIGNAL-INTEGRATION WINDOW (T) -

(b) 

0,1/T 1/T 10/T 

INPUT FREQUENCY 

Figure 2: In a dual-slope A/D converter, high normal
mode noise rejection occurs when the integration 
period is a multiple of the noise signal's period. 
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APPLICATION NOTE 27 

You can, however, overcome the inherent conversion-speed 
limitation of integrating AID converters. A microprocessor 
with program-controlled numerical integration that comple
ments the AID converter's analog integration will speed dual
slope conversion considerably. 

You can achieve high normal-mode rejection for specific fre
quencies with this method if three conditions are met. First, 
the signal-integrate period must be defined such that noise 
integration takes place on a segmented basis. In Figure 3a, 
for example, the integrate window opens on a noise-wave
form segment that's one-third of a period long. 

Next, the second signal-integrate period must begin at a 
point corresponding exactly to the point at which the first one 
ended, and the third's beginning must correspond to the 
point at which the second ended. This condition can be met 
only if the AID converter has a fixed conversion time, irre
spective of the signal input. Finally, the microprocessor must 
sum all three conversions to achieve the total integration of a 
cycle of noise. A consideration of all these constraints for the 
TSC7109 AID converter, for example, leads to the relation
ship 

fNOISE = 
XT 

4C 

x 
where C is the conversion rate, f the noise frequency and X 
the number of conversion results added. X must be an odd 
number; Figure 3b showswhy X cannot be an even number. A 
frequency that would require an even number of samples is 
one at which the integrate window is locked in phase with the 
signal (ie, the converter and signal periods are synchronized). 
For CV= (fNOISE) (Xl4) and X= 2 (as in Figure 3b), the result is 
two times the error of one conversion. 
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Figure 3: Data-conversion systems employing a numerical-integration technique furnish noise rejection when an 
odd number of samples are summed (a). Adding the results of two conversions, though, can yield twice as much 
error as does one conversion (b) if the AID converter and noise frequency are synchronized. 
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NUMERICAL-INTEGRATION TECHNIQUES 
SPEED DUAL-SLOPE AID CONVERSION AID CONVERTERS 

1or-~~...---,~...-....... ...,.......,.,....~--,...---..-_......, .... .,.. 

NORMAL-MODE NOISE FREQUENCY (Hz) 

Figure 4: The normal-mode-rejection capability illus
trated by the upper curve here demonstrates the effec
tiveness of taking nine conversion samples; the system 
that the curve represents rejects noise at all multiples 
of 10 Hz. The lower curve shows the result of acquiring 
only one sample and employing an 11.11-msec signal
integration period. 

NOTES: 
• A/D CONVERTER UPDATES AT 22.5CONV/SEC 
•DISPLAY UPDATES AT 2.5 CONV/SEC 
•OUTPUT IS AVERAGE OF 9, 18, 27, 36 OR 9 n CONVERSIONS 
• REJECTS BOTH 50 AND 60 Hz 
•CONTINUITY BUZZER RESPONDS IN 90 mSEC MAX (2 CONVERSIONS) 
• RANGE CHANGES IN 44 mSEC 
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To achieve the desired normal-mode rejection, you must, 
therefore, sum an odd number of AID-converter results. You 
can accomplish this summation with firmware or with user
interactive software. Consider an example using a TSC7109 
AID converter operating at 22.5 samples/sec. The equation 
yields the results in Table 1. 

As Table 1 indicates, an AID converter operating at 22.5 
samples/sec can reject harmonics of 10 Hz if you maintain a 
rolling average of nine samples. This technique rejects 50 and 
60 Hz; it's equivalent to one sample taken at the rate of 2.5 
samples/sec. The curves in Figure 4 show the normal-mode 
rejection resulting from 1- and 9-sample averages at the rate of 
22.5 conversions/sec (or one sample at 2.5 conversions/sec). 

Table 1: TSC7109 at 22.5 Samples/Sec 
fNOISE 

(Fundamental) 
In Hz 

90 

30 

18 

12.8 

10 

x 
Samples Summed 

3 

5 

7 

9 

+3398 

V+ DSC IN 
22 184 kHz CLOCK 

28 

-5V 

HIGH 
BYTE 1-CHIP 

MICROCOMPUTER 

PORTO 

DISPLAY 
DRIVE 

BUZZER 

Figure 5: This 3 3/4-digit multimeter uses a numerical-integration technique to reject both 50-and 60-Hz normal
mode noise. Although the OM M's display updates at 2.5 samples/sec, conversions take place at 22.5 samples/sec. 
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AID CONVERTERS 

What's the point, you may ask, of sampling at the higher rate if 
you must wait for the result during a 9-period numerical inte
gration? After the first 9-period wait, the system's pipeline is 
full, and you can then obtain a new result for each cycle at the 
22.5-samples/sec rate. 

The numerical-integration technique has many practical 
applications. The Figure 5 circuit, for example, is a 3 3/4 digit 
DMM that uses a TSC7109 13-bit A/D converter. The DMM 
updates the display at a 2.5 sample/sec rate for easy reada
bility, yet it converts at a 22.5 sample/sec rate for fast response 
during autoranging and continuity checking. Because the 
circuit averages nine samples, it rejects both 50" and 60-Hz 
noise. Because it can carry a rolling average, the µPis capable 
of changing the number of conversions summed; it can there
fore accommodate specific, user-programmable rejection 
frequencies. 
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APPLICATION NOTE 27 

Figure 6 shows connections for a system using the TSC7109 
in conjunction with a 6502 processor and 6522 peripheral in
terface adapter. The adapter's programmable timer provides 
the AID converter's clock, thereby simplifying testing of 
noise rejection with different clock frequencies. This circuit 
allows you to evaluate numerical-integration-based designs 
using either a general-purpose µP-development system or a 
prototyping board (eg, Rockwell's AIM-65). Figure 7 shows 
the assembly-language listing for the system; the flowchart 
appears in Figure 8. 

Table 2: 16-Channel Multiplexer 

100 k 

36 40 

x 
3 

5 

7 

9 

Channels Scanned 

5V 

13 

16 

15 

10 

REF- REF+ V• C• V• 

10µF 

"" VouT 

5 

.., ..... 
GND 

TSC7109 PA5 B5 AID CONVERTER 
10 PA6 "1 

PA7 
9 

B8 28 

PBo 
10 B9 

v-
11 7 35 100 k 

PB1 •10 IN HI +INPUT 

PB2 
12 6 •11 0.01 µF ANALOG INPUT 

PB3 
13 

8 12 IN LO 34 
-INPUT 

PB4 
14 

POL COM 33 

PB7 
17 22 

OSC IN 
40 

CA1 STATUS REF CAP+ 

15 
1 µF 

PB5 OR 

PB5 
16 26 RUN/HOLD 0.15µF 

INT 
32 

<5V OSC SEL 

033R AZ 31 

SV6522 SEND 
200 k 1/0 PORT 30 

BUF 
18 

LBEN 
19 

HBEN 17 NC TEST 
lO CE/LOAD OSC OUT 

23 
NC 

21 
MOOE BUF OSC 

25 NC 

Vss 

-::-

Figure 6: You can evaluate numberical integration with the circuit detailed in this schematic. The 6522 peripheral
interface adapter provides clocking and the µP interface for the dual-slope AID converter. 
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NUMERICAL-INTEGRATION TECHNIQUES 
SPEED DUAL-SLOPE AID CONVERSION AID CONVERTERS 

om.As~ 

0000 
0000 
0000 

0000 
OOOD 
OOOD 
OOOD 
0000 
ASOO 
ooao 
OOBO 

OOBI 
0280 
02SO A9CO 
02928DOOA8 
omanma 
02088DOBA8 
omm2 
028DBD04A8 
02qo2orA02 
omaoo5As 
0290 A9Si: 
0298800EA8 
029B.c2303 
029[ 
02% 
0280 
0290ADOOA8 
om AA 
om29or 
om am 
02D88A 
om mo 
02BBF017 
028Dl8 
om mo 
02C06DOIU 
omasao 
02C5AS81 
02C76584 
02C98581 
02tBA582 
02CD6900 
02CF8SB2 
02DJ4CE802 
om ~a 
02DSA5BO 
02D7EOOIA8 
02DAS5eO 
02DCA581 
02DEE5B4 
02E08581 
02E2A5B2 
om mo 
02E6BS82 
02E8C683 
02EAFOOI 
02EC40 
om 

EOU 

'"' RESll DS 
STORI 05 
STORHI DS 

OR5 
CLDC~ LOA 

STA 
STA 
SIA 
LOA 
SIA 

"" STA 
LOA 
STA 

'"' 
OR5 

INTSVC LOA 
TAI 
ANO 
STA 
TIA 
AND 

'" CLC 
LOA 
ADC 
STA 
LOA 
ODC 
STA 
LDA 
ADC 
ST• 

'"' SUBTR SEC 
LOA 
sec 
STA 
LOA 
sec 
STO 
LOA 
sec 
STA 
OEC 

"' RT! 
PASE 

OUOOH 
BOH 
J 
I 

02BOH 
IOCOH 
IOPT 
JOPT+2 
JOPT+OBH 
lllH 
IOPl +~ 
SET REG 
IOPT+S 
mH 
WPTiOEH 
~AillPRS 

02BOH 
!OPT 

IOFH 
ST OR HI 

II~ 
sum 

RESLT 
JOPTtl 
RESLT 
RE5ll+1 
STORHI 
RESLT+I 
RESLM 
100 
RESLT+2 
LOOPCNT 

RESLT 
!OPT+! 
RESLT 
RESLTtl 
ST~HI 

RESLT+! 
RULT+2 
100 
RESL1+2 
STMX 
OIVID 

--·------------------------------------------------
; SOFT~ARE TO DE~DNSTRATE NU"ERICA!. INTEaRAT!ON 
; US!N6THETSC71091NTERFACEDTOA6502 
; "ICRQPROCESSORV!AA6522110PQRT 
j RES UL TS STCRED AT 'RESL T' IN ZERO-PAGE nEKORY 
;USERMTPROV!DEINTmUPTVECTORFROnTHE 
j 6522'5CA11MTERRUPTT05VCROUTINEAl'IWT5VC' 
1-------------------------------------
;SVSmEgums 
;ADDRE550Fm2110PORl 
;RESERVE1ERO-PA6EnEnoRY 
;IHITACCUKULATORFCRRESULTS, !BnEFCRSISN 
;510RA6EFORLOOPCOUNIER 
;SAVEHlSHBYTE 
;SETUP!/OPORTTOCONTROLTSC7109 
; PBO ~ PB7 ARE OUTPUTS, 
;P87!STHEmERtOUTPUT 
; !FOR1l09CLOCKI 
;SQUAREWAVEOUTPUTONPB-7 
1LOAOTHEC()MSTANT•FOR 

CLOCKmEff 
1IN!TIAL!lEMEMRYRES!STERS 
; STARTTHE7109CLOCK 
;ENABLE !MTERRUPT FRO~ 
l omCA!INPUl 
;l/OPORTSETUPCOKPLETE,50 
;JUKPTaO.S.ORTOKAINPROGRAK 
;!NTERRUPTSERVICEROUTINE 

;6ETH16HBVTE 
;SAVEIT 
imO"ShFOR ARITH"rnc 
;SAVE!T 
16ETSI6NBIT&ACK 
;ANAL06[NPUTNE6ATIVE? 
1YES 1 60SUBTRACT 
1RESULTPDSITIVESOADD 
;BETLSBYTEOFTH!SCONVERS!CM 
J ADD TO PREVIOUS READUi55 
; SAYELSBVTE 
;SET "S BYTE Of CONVERSION 
;ADD TO SU" 
; SAYEHSBYTE 
;6ETSl6N 
;ADDCARRYBIT,JFANY 
; ODSAVE 
;JUll'PTOTESTFCR9CONVERS!ONS 
1SETCAftRYFORSUBTRACTION 

i 

POLARJTYOfTHl5CONVERSIOW 
ISNESATIVE,SOOOA 

DOUBLE-PRECISION 
SUBRHCTION 

I 
;HAYEMEDOllE9CDllVERSIONS7 
I YES, SO NON D!VIDE BY ~ 
I NO,SORfTURN 

Figure 7: This assembly-language listing for the µP A!D
converter system in Figure 6 provides for 9-sample 
numerical integration, thereby eliminating normal
mode noise at frequencies that are multiples of 10 Hz. 

Adding Channels 
By using analog multiplexers, you can take advantage of 
these speed-improvement techniques in multi-channel sys
tems. Solving the equation given earlier for X and using X to 
determine the scan length (or number of channels), you keep 
the noise-segment alignment in proper phase. This segmen
ted approach (for a 16-channel system that requires the 
summation of three conversions) is shown in Figure 9. The 
scan length is found by dividing the number of available 
channels by X, taking the integer value, and then multiplying 
it by X and adding 1. Table 2 shows the relationship between 
the number of samples summed and the number of channels 
scanned for a 16-channel multiplexer. 

INTERRUPT 

SUBTRACT THE CONVERSION 
MAGNITUDE FROM TOT AL 

DECREMENT LOOP COUNTER 

YES 

YES 

ADD THE CONVERSION 
MAGNITUDE TO TOTAL 

DISPLAY AESUL T 

Figure 8: This flowchart for Figure 7's assembly
language routine summarizes the code necessary to 
control the Figure 6 evaluation circuit. 

A data-acquisition system using a 16-channel multiplexer 
could use a TSC7109 running at 25 conversions/sec to reject 
all harmonics of 20 Hz (including, of course, 60 Hz), with a 
5-sample average taken in the microprocessor. The system 
would still respond to large signal deviations in a single con
version. 

The change from analog signal integration of noise to hybrid 
analog/numerical integration entails some tradeoffs. The 
quantization error, for example, is always present; it can lead 
to a significant reduction in normal-mode rejection if the 
noise period is carved into too many segments. In addition, 
timing instability can create other error sources. For maxi
mum stability, you must control the A/D converter's timing 
with a crystal oscillator. 
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AID CONVERTERS 

CHANNEL 1 

l-T--1-T+-2 T-\ 

CHANNEL 2 
w ____ __.__, 

..J~ 
""' zw ., ... 
w~ 

DEINTEGAATE 

APPLICATION NOTE 27 

CHANNEL 13 CHANNEL 1 

w w-----1 
t.i ~ 

..aa:: ..JO:: 

~ ~ DE INTEGRATE ~~~g ~ ffi-~ 
f,ij~ w•' 

DEINTEGRATE 

Figure 9: You can add multichannel capability to the enhanced-speed AID-converter designs employing µP-based 
numerical integration. 

17-104 



..._f" TELEDYNE 
SEMICONDUCTOR 

TSC429 UNIVERSAL POWER 
MOSFETINTERFACEIC 

By Ron Vinsant 

The TSC429 is a high power driver IC in an 8-pin mini-dip 
package. Although designed as a power MOSFET driver, it can 
act as a level shifter, comparator, waveshaper, and pulse 
transformer driver, just to mention a few of its possible uses. 

Every effort has been made to improve the performance of the 
device over its predecessors, the DS0026, TSC426, TSC427, 
TSC428. This has lead to the minimization of the latch-up effect 
that CMOS is noted for which helps to optimize the device for 
driving inductive loads. In addition the output transistors have 
been enlarged enabling the device to drive currents up to 6 
amps in the typical part. Ros (ON) of the output transistors is as 
low as 1.8 ohms. 

Some of the other notable parameters of the TSC429 are its 
excellent noise immunity due to a Schmitt trigger input and 
CMOS construction, its minimal quiescent current draw (with 
its input in the low state it consumes less than 500 µA), and its 
rise and fall times, which are guaranteed to be less than 35 ns 
with a 2500 pF load. 

Due to its low current CMOS input, the TSC429 does not need 
speed up capacitors on the input. This type of input also has 
the ability to accept any amplitude signal from ground to the 
supply voltage. · 

Parameters and Attributes of the TSC429 
Timing 
Rise and Fall Time 
In the TSC429 the t, and ti are governed by three factors. These 
are temperature, supply voltage and output load (See Figures 3 
through 5). Deiinition of the first two parameters is self explana
tory, but output load is not defined in the ordinary dimensions 
of ohms or Watts as might be expected. Since the TSC429 was 
designed to drive power MOSFETs its load is expressed in 
capacitance. This is due to the fact that a MOSFET gate looks 
like a capacitor to the driving device. 

Output Load 6800 pF 

A 

B 

TIME (10 ns/DIV) A 

TSC429 
APPLICATION 
NOTE 28 

Since a MOSFET actually appears as a variable capacitance as 
it turns on and off, it is hard to say exactly what the rise and fall 
times of the driver are going to be in any particular circuit. In 
order to simplify the measuring method we chose a fixed value 
of capacitance. This allows the designer to compare driving 
devices on a specification sheet. Actual evaluation in your appli
cation however is the best way to compare any two drivers. 

When measuring time relationships be sure to take into 
account any delays that might skew the measurement. This 
can come from oscilloscope probes of unequal length or prop
agation delays through current probes and their associated 
amplifiers. 

There are three anomalies that are associated with the rise and 
fall time: 

1. The rise and fall times are not equal creating a small 
assymmetry in the output waveform. (See Figures 2, 6 & 7) This 
is due to having a P channel device source current and an N 
channel sink current from the load. (See Figure 11) P channels 
do not perform as well as N types, so in the output of the 
TSC429 we have made the P larger to compensate. This 
increase does not make the P equal to the N in dynamic 
performance, only in static Ros(ON)· This difference is most 
notable at higher loads '(See Figure 6). At light loads the P 
actually out performs the N in speed (See Figure 2). 

2. There occurs a small "notch" in the rising waveform of 
about 5 ns in duration. It only occurs with loads above 4000 pf 
and is not normally of any concern. In Figure 1, wave form A 
shows the output of the. TSC429 with a 6800 pf load. The 
"notch" is noticeable in the rising waveform; and waveform Bis 
a magnified view of that rising edge. Note that if the "notch" 
were not there the rise time would not substantially change. 

3. Rise and fall times also determine the minimum pulse width 
in that if an input pulse has a width that is less than the sum of 
the rise and fall times the output cannot make a full transition. If 
carried to the extreme no output pulse will occur. At light loads 

c 
w 

~ 
VJ a: 
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..J-
0..J 

> ;3 
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~ 

Typical Rise & Fall Times 
(No Load) 

TIME (5 ns/DIV) 

RISE 
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Figure 1 17_105 Figure 2 
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Rise and Fall Time 
vs Capacitive Load 
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typical min pulse widths would be in the 35 ns region. Figure 6 
is an example of typical rise and fall times and minimum pulse 
width when driving a 3300 pF load. 

Output rise and fall times are independent of input waveshape 
due to the Schmitt trigger input. In this respect the device can 
be used as a waveshaper. 

Delay Time (Propagation Delay) 
Delay time is a function of temperature and voltage with 
moderate effects by load. Figures 8, 9 & 10 show the effects of 
these parameters on delay time. Little can be done to lower the 
delay except for keeping the device temperature low. Please 
note that slow rising input signals can give the appearance of 
long delay times. This comes from the fact that the trip point of 
the Schmitt trigger input (about 1.5 volts) can often be higher 
than the 10% point in the waveform. In the specifications the 
times are measured from the 10 and 90 percent points as is 
industry practice. Figures 6 and 7 show typical performance. 
Note that the input waveform is shifted by 1 /2 division on the 
vertical axis for purposes of clarity. 

Input 
Hysteresis 
As we have mentioned before the TSC429 has a Schmitt trigger 
input. The hysterersis provided by the Schmitt action is 
measured with conditions static (DC) for the data sheet, and 
can change substantially when driven by a pulse. (For an 
explanation of how the input section works see the section 
entitled "Input Effects on Quiescent Current.") The input is 
capacitive as the input signal is driving a MOSFET gate. (See 
Figure 11) It therefore has the characteristic Miller capacitance 
from drain to gate, as well as the gate to source capacitance. 
The device works most effectively when driven by a relatively 
low impedance source such as a CMOS or TTL buffer. 

Figure 11 

PIN 1,8 

2.0 mA 

MILLER "C" 

\_c--
-r 

I 

INPUTo-U 
PIN2 

N CHANNEL 

PIN 4,5 

GNO 

TSC429 
Since the input threshold is set by the input MOSFET's 
threshold (Figure 11) the trip point changes with temperature 
at the rate of approximately -5 mV I 0 c. For this reason any 
input waveform that has slow rise times, such as open 
collector TTL, can exhibit a change in pulse width with a 
change in temperature at the output of the TSC429. In 
applications where exact reproduction of pulse width from 
input to output is important, fast rise and fall times are 
important. 

In other types of applications however where exact timing is 
not important the TSC429 will act to improve the rise and fall 
times of slow rising input waveforms. (See Figure 12) 

Input Section 
The input is fully TTL compatible yet can be driven by any 
amplitude signal up to the supply voltage and down to ground. 
This attribute makes the TSC429 an excellent level translator 
from TTL to small motor or lamp loads on 12 to 15 volt systems. 

Input Effects on Quiescent Current 
The state of the input signal changes the quiescent current 
draw of the TSC429. The reason for this can be seen in Figure 
11 which shows the input signal driving a MOSFET whose 
drain is attached to a current source of 2.0 mA and the source 
of a P channel MOSFET. The drain of the P channel is attached 
to a 1.8 mA current source, and its gate is tied to the output of 
the first inverter stage. The input to this inverter is tied to the 
drain of the input MOSFET and the source of the P channel 
MOSFET. 

When the input signal is below the input FETs threshold, the 
input MOSFET is off causing the input to the inverter to be 
pulled high by the 2.0 mA current source. The inverter output 
therefore is low, causing the P channel device to be on, con
necting the 1.8 mA current source to the drain of the N channel 
input MOSFET. Since the input MOSFET is not on, these two 
current sources are not able to source their respective cur-

"'"" TSC429 

P CHANNEL 

INVERTING 
OUTPUT 

PIN 6,7 
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rents and the quiescent device current is then composed only 
of the bias currents required by the inverter sections. (Assum
ing no load on the output) 

In the state where the input is above the input FETs threshold, 
the input MOSFET turns on, sinking the combined currents of 
the two current sources until the input to the first inverter stage 
reaches its trip point. At this timethe inverter output goes high, 
turning off the P channel which causes an abrupt lowering of 
the transconductance of the input N channel. This is how the 
input hysteresis is formed, by the step change in transconduc
tance. We now have however the 2.0 mA current source con
nected to ground through the N channel device increasing the 
quiescent current draw in the high input state. 

The hysteresis value changes with frequency (less hysteresis 
with increasing frequency). This phenomena occurs because 
of the characteristic decrease in the transconductance of the 
input FET with increasing frequency. 

2200 pF Load 

OUTPUT CURRENT AND VOLTAGE 

Figure 12 

~ 
~ 

High Output Voltage 
vs Current 

>o 200 f---t---t--,,_-r---t::;;..--i 
I 

-£ 

40 60 80 100 
'CURRENT SOURCED (mA) 

Figure 14 

APPLICATION NOTE 28 

Output 
Output Current 
The TSC429 can sink and source significant amounts of cur
rent. For example with a 10,000 pF load the output will swing 16 
volts to ground in 52 ns, sinking a current of almost 7 amps 
peak and then source 6 amps peak to bring the output back to 
16 volts in 62 ns. (See Figures 23 and 13) This difference in 
switching times comes from the device construction des
cribed in the section on rise and fall times. 

Due to the ability of the device to source large currents it is 
easy to exceed the power dissipation rating of the device 
under short circuit conditions. There is no thermal or over 
current protection designed into the device so a short circuit 
for an extended period of time should be avoided. 

"Saturation" Voltage 
The output typically swings to within 25 mV of the supply rails. 
For applications where a steady state current is supplied by 
the device the on losses can be found in Figures 14 and 15. 

Figure 13 

10,000 pF Load 

100 ns/DIV 

Low Output Voltage 
vs Current 
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Power Dissipation 
Quiescent Dissipation 
The quiescent dissipation of the TSC429 is very low, even with 
the input in the high state. (See "Input" section on the effects of 
input state on power dissipation) As an example, at maximum 
temperature for the plastic package (70°C) the static current 
draw is guaranteed to be 12 mA or less. If the supply voltage is 
15 volts then the device dissipation is 180 mW. The package is 
rated at 300 mW at 70°C so the device is well within its ratings 
at worst case. 

The typical value is normally in the region of 5 mA so the 
example cited above is indeed worst case. 

Cross Over Dissipation 
During the transition between the output states the P channel 
and N channel transistors can be on simultaneously. Although 
this happens for only a few nanoseconds this additional power 
that is dissipated can be significant at frequencies above 1 MHz 
at 100 pF and above 250 kHz at 10,000 pF. (See Figures 11 and 
27) 

Capacitive Load Dissipation 
Capacitive load dissipation is the result of charging and dis
charging the load. The larger the capacitive load the longer the 
driver is in the linear region. As long as the device is in this area 
of operation it is dissipating significant amounts of power. 

Calculating Power Dissipation 

The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation is: 

EQ. 1: Pc = f c Vs 2 

where: F =switching frequency 
C = capacitive load 
Vs = supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.5 mA total current drain. Logic high signals 
raise the current to 5 mA maximum. The quiescent power 
dissipation is: 

EQ.2: Po =Vs (D (IH) + (1-0) IL) 

where: IH = quiescent current with input high 
(5 mA Max) 

IL =quiescent current with input low 
(0.5 mA Max) 

D = duty cycle 

Transition power dissipation arises because the output stage 
N and P channel MOStransistorsare "on" simultaneously for 
a very short period when the output changes. The transition 
package power dissipation is approximately: 

TSC429 

EQ. 3: PT = f Vs (3.0 x 10-9 ) 

An example shows the relative magnitude for each term. 

Example 1: 
C =2500 pF 
Vs= 15 V 
D = 50% 
f =200 kHz 
Po=Package power dissipation = Pc + P T + Po 

= 113 mW +90 mW+26 mW 
= 229 mW 

Max. operating temperature= TJ - OJA (Poi 
= 115°c 

where: 
Tv = Max. allowable junction temperature I 150° CI 
OJA = Junction to ambient thermal resistance I 150° C/W, 

CerDIPI 

NOTE: Ambient operating temperature should not exceed 
85°C for "IJA" device or 125°C for "MJA" device. 

Package Power 
Dissipation 

~ goo .. r TSC42J T 
Z 800 lrrs.:--t--- •• KOVAR LEAD FRAME ~ 
O CEROIP PACKAGE 
~ 700~--3'",.+--f--11JA > 150 C/W t---

iij 600 h...:s:: i5 
~ 

~ 500 ~ 

~400 ~ 
~ 300 ~ 
::!; 2001----+---+---+-....... c------l 
~ 
~ x 1001---+---+---+--it-----l 
~ 
~ 
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AMBIENT TEMPERATURE ( Cl 

TSC429 Maximum Operating Frequency 

16V 
15V 
10V 
5V 

Table 1 

I Max 

500 kHz 
700 kHz 
1.3 MHz 
> 2 MHz 

Conditions: 1. CerDIP Package [II JA = 150°C/WI 
2. TA=25°C 
3. CL = 2500 pF 
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TSC429 
Heatsinking 
If too much dissipation becomes a problem it is possible to 
heatsink the TSC429. This is accomplished by the use of a 
ground plane, or a heatsink attached to the device by a clip or 
thermal epoxy. Heatsink manufacturers such as Wakefield 
Engineering or Thermolloy sell such items. The use of the 
ground plane as a heatsink is done by inserting a small quantity 
of thermal grease on the bottom of the device before insertion 
to the board. The grease will transfer the heat to the ground 
plane. 

Of the two packages the ceramic cerDIP package is the best 
for applications requiring heatsinking. This is due to the super
ior heat transfer ability of ceramic, in relation to the plastic. For 
this reason we recommend the use of the cerDIP package in all 
high dissipation applications (> 300 mW). 

Designing With The TSC429 
Grounding Techniques 
Grounding 
The high current capability of the TSC429 demands careful PC 
board layout for best performance. Since the TSC429 is an 
inverting driver, any ground lead impedance will appear as 
negative feedback which can degrade noise immunity. The 
feedback is especially noticeable with slow-rise time inputs, 
such as are produced by an open collector output with resistor 
pull up. 

Figure 17 shows the feedback effect in detail. As the TSC429 
input begins to go positive, the output goes negative and 
several amperes of current flow in the ground lead. As little as 
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0.05 n of PC trace resistance can produce hundreds of milli
volts at the TSC429 ground pins. If the driving logic is refer
enced to power ground, the effective logic input level is 
reduced. 

To ensure optimum performance, separate ground traces 
should be provided for the logic and power connections. Con
necting the logic ground directly to the TSC429 GND pins will 
ensure full logic drive to the input and ensure fast output 
switching. Both of the TSC429 GND pins should be connected 
to power ground. (See layout section) 

Decoupling (Bypassing) 
Decoupling the TSC429 requires careful layout and the use of 
good quality capacitors. A good quality film cap of low ESR 
such as the WIMA MKS-2 1 µFat 50 Volt in piirallel with a low 
ESR high resonant frequency ceramic will usually keep the 
peak to peak ripple voltage under 500 mV provided the caps 
are placed right next to the power supply pins of the driver. 
Tantalums and small electrolytic are not a good choice due to 
the high ripple current that the TSC429 generates. 

Layout Considerations 
One of the most important considerations in the application of 
the TSC429 is the P.C. board layout. As we have previously 
mentioned grounding is very important. Since the device 
generates very high recirculating currents due to its fast 
switching speed and low output impedance it is necessary to 
identify the paths of these currents and isolate them from the 
input signal (due to the negative feedback problem) and from 
the rest of the system. 

BOTTOM OF BOARD {TOP VIEW) 

{NOT TO SCALEf SEPARATE 
TRACE TO 
POWER SUPPLY (+) 
TERMINAL 

~~~~2 ~:~JN~o;~;t:) 

INPUT~~cf~ ~ CE~!MIC LOW ESR 

SIGNA ~TYPE BYPASS CAP 0 0 

0 

TO DIGITAL OR ~ O SOURCE 

SYSTEM GND I 0 GATE 
020 TRACE 
(LOCAL GROUND) 

MAKES BOTH TRACES EQUAL 
DISTANCE, IN LENGTH, AND 
PARALLEL TO EACH OTHER, 
AND AS SHOAT AS POSSIBLE 
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The second consideration is radiated noise. A ground plane 
under the device can act as a noise shield and is highly 
recommended. This ground plane, if put on top of the board can 
also act as a heatsink. (See the section on heatsinking) 

Third, the TSC429 has been designed with two ground pins 4 
and 5, twoVcc pins 1 and8andtwooutput pins6and 7. In each 
case both pins should be used as the currents are so high that 
a single bonding wire internal to the device may not be able to 
handle the currents without opening. This two wire path for 
these currents also lowers the inductance of the path which 
will (along with proper decoupling) help minimize ringing in the 
circuit. (See Figures 16 and 17) 

,--2.4V 

__Jov 

+18 v 

I1µF TO.lµF 
'\l \] 18 v 

6,7 \ ~--+---0~ .L 
J 2500pF 

~~g~NO 0---.--
POWER 
GROUND 

300 mV 

+ 

Figure 17: Switching Time Degradation Due to Negative 
Feedback 

Driving Power MOSFETS 
International Rectifier has published an application note, #973A, 
that describes the characteristics of a good MOSFET driver, 
and circuits that are suitable as drivers. Please note that many 
of the circuits described in this application note can be 
accomplished with the TSC429 while improving performance, 
lowering power consumption, and often with less parts. 

DRAIN 
VOLTAGE 

GATE 
VOLTAGE 

Figure 18 

400 V 30 MOSFET 
Driven by 7556 

100 ns/DIV 

TSC429 
In addition to the application note mentioned above, two other 
application notes by International Rectifier on driving MOSFETs 
are of use. The first, entitled "A New Gate Charge Factor Leads 
to Easy Drive Design for Power MOSFET Circuits" helps to 
understand the charge transfer necessary to drive MOSFETs, 
while the second application note, #947, entitled "Understand
ing HEXFET Switching Performance" gives a detailed mathe
matical analysis of the three turn on and turn off intervals. It 
also examines the effects of parasitic drain and source induc
tance, which can have a significant effect on switching perfor
mance independent of the drive method. 

These papers go into detail on what is important in driving 
MOSFETs, and give additional necessary information that is 
beyond the scope of this paper. 

We will show an example of a 400 volt 3 ohm FET being driven 
by a small CMOS driver (out of a CMOS 555 timer IC) and 
compare that to the same circuit where the TSC429 is driving 
the MOSFET. (See Figures 18 through 20) Nothing has been 
changed except for the addition of the TSC429. Note the sub
stantial improvement in fall time. 

Figure 19 

Figure 20 

400 V 30 MOSFET 
Driven by TSC429 

20 ns/DIV 

400 V 30 MOSFET 
Driven by 7556 

(Complete Cycle) 
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Due to differences in timing characteristics the paralleling of 
two or more devices is not recommended. The best example of 
the reason for this is the problem of one device turning on a few 
nanoseconds before another. In this case the one that turned 
on first would be sinking current from the other. This would 
then create an increase in dissipation that could cause the 
faster device to overheat and self destruct. Since the rise and 
fall times of any two devices are not going to be the same, it is 
possible to get slower rise and fall times with two.drivers in 
parallel than from a single driver due to the devices "fighting" 
each other. 

Driving Inductive Loads 
When driving inductive loads such as pulse transformers and 
small motors it may be necessary to keep the output from being 
driven beyond Vee· Leakage inductance and back EMF from 
motors can cause voltage spikes of sufficient amplitude to 
make the driver latch into its SCR mode. 

The best way to prevent this from occurring is to put a Schottky 
diode from the output back to Vee· When the voltage at the 
output rises the diode turns on before the base emitter of the 
transistor and clamps the voltage to Vee plus the diode drop of 
450 mV. The same technique works for negative going excur
sions of voltage. (See Figure 26) 

Applications 
Small Motor Controller 
Figure 21 shows a schematic of the TSC429 used as a small 
closed loop motor controller. The TSC429 is used as both 
driver and comparator in the control circuit. .The back EMF of 
the motor is used as a feedback signal to detect motor speed. 

Voltage Doubler 
Figure 22 is a voltage doubler circuit. Typical performance is 
shown in Figure 23. Highest efficiency is obtained when using 
Schottky diodes in the output. 

+15 

(X2) IN4448 
5.6 k,11 

IN4002 (X2) 

APPLICATION NOTE 28 

Voltage Inverter 
Figure 24 is a voltage inverter with Figure 25 showing typical 
performance. As in the voltage doubler circuit mentioned 
above the highest efficiency is obtained when using Schottky 
diodes, such as 1 N5819. In both these circuits increasing the 
frequency of oscillation will help to reduce the value of the 
capacitors. Capacitors should be high quality electrolytics 
with low ESR. Ripple currents in the capacitors can be sub
stantial in both of these circuits, so care should be taken in 
their selection. 

High Power Pulse Transformer Driver 
Figure 26 shows a high power pulse transformer driver that 
utilizes diode protection from leakage inductance spikes. This 
circuit can be used to drive large bipolar transistors, as well as 
FETs. The same sort of diode protection scheme should be 
applied to other inductive loads such as relays. 

15µf 

IN4004 
10 k >-ot----+---1 

Figure 21: Motor Speed Controller 
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Figure 23 

Figure 22: Self Contained Voltage Doubler 
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Figure 24: Self Contained Voltage Inverter 
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Figure 26: High Power Pulse Transformer Driver 
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Warning Signal Audio Oscillator 
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Motor Driver with Forward/Reverse and Lock Out 
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Delay Line Driver and Voltage Translator 
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~~TELEDYNE 

SEMICONDUCTOR 

ADC PROVIDES 
FLEXIBLE PROGRAM CONTROL 

By Ted Dabney 

Today design engineers rely more and more on 
microprocessors and microcontrollers to support their 
applications. Compatible analog-to-digital and digital-to
analog converters have greatly increased the flexibility of 
interface and control circuits. 

Most of the available converters, however, are "indepen
dent" and not subject to reconfiguration under software 
control-no matter how smart your processor. For example, 
if your task involves 8-bit conversions of battery voltage and 
16-bit conversions of output voltage, you are required to 
use two different converters ... or take 16 bits of time to 
measure your battery. 

The TSC500A Converter from Teledyne Semi
conductor is not as "independent" as other converters. In 
fact, the TSC500A only performs operations as instructed 
by your processor. If the initial circuit configuration (com
ponent values and layout) is reasonable-using the rules of 
the data sheets for component and timing values-the 
TSC500A converts an input to any resolution up to 16 bits 
(plus sign). The proper design can allow the processor to 
select and control the conversion parameters. 

FUNCTIONAL DIAGRAM 

ANALOG 
COMMON 

5 

TSCSOOA 
APPLICATION 
NOTE 29 

The circuit board of the TSC500A plugs into the parallel 
printer port of any IBM PC or compatible computer. This 
board has eight differential input channels, with selectable 
resolution from 8 to 16 bits (plus sign). 

ANALOG 
SWITCH 
CONTROL 
SIGNALS 

CONTROL LOGtc A B CONVERTER STATE 

0 0 ZERO INTEGRATOR OUTPUT 

0 1 AUTO-ZERO 

1 0 SIGNAL INTEGRATE 

1 1 DEINTEGRATE 

....... TSC500A 

12 13 
A B 

CONTROL LOGIC 
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TSC500A 
Trade-Off 

The usual trac:te-off for analog-to-digital conversion 
(ADC) is resolution versus speed. In many cases a low 
degree of accuracy is all that is necessary for a given 
conversion. For maximum flexibility, you need a single 
converter to speed up when low-accuracy is required. 

The TSC500A is the converter that lets you control the 
resolution-speed trade-off. It is an analog processor that 
permits you to program the rate and resolution of ADC 
conversions. The TSC500A performs the dual-slope portion 
of an ADC conversion and lets you write software so your 
microprocessor or computer can handle the digital tasks. 

In short, this low-power CMOS device lets your 
software program fearlessly trade off between high 
resolution (16 bits plus sign) and speed of conversion. 

Four-Phase Conversion for 
Building an Application 

The TSC500A incorporates four separate conversion 
phases. Two select pins on the TSC500A control the timing 
and sequencing of these phases. 

• Phase I-Input Integration 
Causes the integration capacitor to charge at a rate 

determined by the input voltage. The duration of this phase 
is a fixed amount of time. 

• Phase II-Reference Deintegration 
Causes the integration capacitor to discharge at a rate 

determined by the reference voltage. A zero crossing 
signals the end of conversion and the comparator output 
goes low. The amount of time required for the zero crossing 
is proportional to the input voltage. 

• Phase Ill-System Zero 
Forces the integration capacitor to be restored to the 

ground reference potential. This phase may be used to 
correct cases where the input voltage of Phase I is so large 
that Phase II does not have enough time to complete its 
cycle. This is an over-range condition. Also, the reference 
capacitor is charged to the reference voltage during this 
phase. 

APPLICATION NOTE 29 

• Phase IV-Auto Zero 
Causes the auto zero capacitor to be charged to a 

value that represents the combination of all internal offset 
errors. The resulting error is then cancelled by the action of 
phases I and II. The reference capacitor is also charged 
during this phase as in Phase Ill. 

Output 
The output of the TSC500A is from one pin (comparator 

output) that shows the phase of the input voltage (plus/
minus) or indicates that Phase II is complete (the integration 
capacitor has discharged to the ground reference potential). 
This output also determines when Phase Ill is complete. 
The comparator switches back to the supply voltage when 
the excess charge has peen removed. 

Completing the Conversion Process 

• Step I-System Zero 
Select Phase Ill and wait for the comparator output to 

go positive. This tells you that the system is zeroed. 

• Step II-Auto Zero 
Select Phase IV for at least the same amount of time as 

Phase I, but for as long as you like. This charges the 
reference capacitor and establishes a conversion offset in 
opposition to the internal offsets. 

This phase is the place to recall the count obtained in 
Step 4 (Phase II), then calcu.late and display the input 
voltage. 

• Step Ill-Input Integration 
Select Phase I for an exact amount of known time and 

read the comparator output just prior to ending the phase. If 
it is high, a positive voltage has been converted. If it is low; 
the input is negative. 

• Step IV-Reference Deintegration 
Select Phase II and count intervals. Stop counting as 

soon as the comparator output goes low. Save the count 
and go directly back to Step I (Phase Ill). 
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ANALOG PROCESSOR 

Calculation: 

where 

ToEINT 

T1NT 

T 0E1NT = Reference voltage integration time (variable) 
T1NT = Signal integration time (fixed) 
VAEF =Reference voltage 

Note that T1NT and VREF must be exact and can be any 
values. T 0E1NT is the variable that determines V1N. 

Displaying the Results 
First convert the Phase II count to BCD values. Then 

convert the BCD values to ASCII characters. Finally, send 
the ASCII characters to the screen, the printer, the disk file, 
or some other device. 

Resolution 
The actual resolution (counts per deintegration period) 

available from the TSC500A is a function of how many 

TSCSOOA Applications 

1 

' ., 
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TSCSOOA 
counts you can put into the Phase II cycle when converting 
the maximum input voltage. The rate of deintegration is 
determined by the reference voltage. A lower reference 
voltage reduces the de integration slope and allows time for 
more counts. 

Accuracy 
Internal noise and time-dependent errors determine 

the conversion accuracy (signal-to-noise ratio) of the 
TSC500A. The dominant source of error is the 1 /f noise of 
the buffer, integration amplifier and comparator. You can 
reduce some of the effect by increasing the integration time 
(Phase I} and the deintegration time (Phase II). You can 
reduce the errors caused by broadband (thermonic) noise 
by increasing VREF· You can reduce errors caused by stray 
capacitance by "guarding" the integrating capacitor. 

A Word of Caution 
Avoid using an edge-triggered interrupt in applications 

where you plan to convert very low input voltages. The 
output of the comparator my not have enough time to 
complete a full transition. 
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TSCSOOA 
TSC500A Component Selection Example 

Known 
•Supply voltage for TSC500A (VsuP) 
• Maximum input voltage (V1N1MAX1) 
•Integration time (T1NT) 
• Output resolution (bits) (N) 
• Clock period (tcLocK) 

Assume 
•Vsup= ±5 V 
• V1NIMAXI = ± 2.5 v 

VsuP = IVsuPI 
V1NIMAXI = IV1N1MAx1I 

• T1NT = 40 msec 
• N = 14 bits 
• tcLOCK = 4 µsec 

• Step 1-Calculate R1NT 
V1N IMAXI 
leuF IMAXI 

where leuF 1MAx1 ""' 10 µA 

2.5V 
10µA =250K 

• Step 2-Calculate C1NT 

where 

T1NT leuFIMAXI 
V1NT 

V1NT=Vsup-1 V=4V 

40msec10µA 
4V 

• Step 3-Calculate VReF 

V1NT C1NT R1NT 
Toe1NT 

where T oe1NT = 2N tcLocK 

= 0.1 µF 

4 VO.~µF 250 K = 1.525 ... V 
2 lc1ock 

APPLICATION NOTE. 29 

•Step 4-Calculate Integrate Count (l<iNT) 

le LOCK 

40msec 
4µsec = 10,000 counts 

Results 

10,000 
Koe1NT = VREF 1,525 ... v 
where Koe1NT = number of clock periods during T oe1NT 

Normalization 
The reference voltage can be adjusted to scale the 
deintegrate count to be directly equivalent to the input 
voltage. 

Since: 

K1NT --v;;;- = Counts/volt 

if VReF is adjusted such that 

K1NT 
10,000 counts/volt 

10,000 counts 
10,000 counts/volt = 1 .O V 

then Koe1NT = 100µV and N ""' 14.61 bits 

Example: If Koe1NT = 18, 357 counts 
the V1N = 1.8357 volts 

Conclusion 
The TSC500A is a very flexible analog-to-digital 

conversion tool. 
This converter gives control to the microprocessor 

(which should know more about what it should do than it 
does). The programming techniques presented here will 
allow you to develop the software to run the TSC500A on 
any number of currently available processors. 
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The Program (Microsott®Macro Assembler) SCALER 
The parallel printer port is used here for convenience. 

Its address is assumed to be 0378 Hex (SELECT). CNLSEL 

•Bits O and 1 select the conversion phase. VALUE 
• Bit 3 is the comparator output from the TSCSOOA 

(inverted). SIGN 
• Bits 4 through 7 select the input channel. CORFAC 

These routines are examples of 8088/86/286 source 
code. Here are the constants and variables: 

Phase I-Input Integration Mode 

Actual integration count determined by 
the resolution 
Shifted high nibble that selects the 
channel 
Value of the input voltage in binary 
format 
Sign bit saved for evaluation 
Correction factor that compensates for 
comparator delay 

Charges the integrator capacitor at a rate determined by the input voltage for a fixed duration. 

ex = Fixed duration reference count 
AL = Select INT mode and channel (output to port) 
DX = Port address 

Exit mode when CX = 0 
(Disable interrupts to prevent background routines from interfering.) 

INTGRT: 

INTGLP: 

CLI 
MOV 
SUB 
MOV 
ADD 
MOV 
OUT 
LOOP 
IN 
MOV 

CX,SCALER 
CX,CORFAC 
AL,OF1H 
AL,CNLSEL 
DX,SELECT 
DX,AL 
INTGLP 
AL.DX 
SIGN,AL 

17-121 

;Disable interrupts 
;Get integration duration 
;Correct delay error 
;Select INT mode 
;Select channel 
;Select output port 
;Select Phase I 
;Decrease CX and continue until CX = 0 
;Read sign bit 
;Save sign 
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TSCSOOA 
APPLICATION NOTE 29 

Phase II-Reference Deintegration (DEINT) 
Discharges the integrator capacitor at a rate determined by the reference voltage. 

CX = Countdown timer (determines value of input) 
AL= SelectDEINT mode and channel (output to port) 
DX = Port address 

Exit mode when bit 3 = 1 or CX decrements to o (interrupts remain disabled) 

DEINTG: 

DI LOOP: 

MOV 
MOV 
ADD 
MOV 
OUT 
IN 
TEST 
LOOPZ 

MOV 

Phase Ill-System Zero (IZ) 

ex.a 
AL,OF3H 
AL,CNLSEL 
DX.SELECT 
DX,AL 
AL,DX 
AL,8 
DI LOOP 

CXVAL,CX 

;Maximum duration 
;Sele! deint mode 
;Select channel 
;Select output port 
;Select Phase II 
;Read port 
;Test comparator bit (bit 3) 
;Decrease CX, continue if CX>O 
or bit 3 = 0 
;Save count for later evaluation 

Removes excess charge from the integrator capacitor and the auto-zero capacitor. 

CX = Maximum duration 
AL = Select IZ mode and channel (output to port) 
DX = Port address 

Exit mode when bit 3 = 0 or ex decrements to 0. 

INTZRO: 

IZLOOP: 

MOV 
ADD 
MOV 
OUT 
MOV 
IN 
TEST 
LOOP NZ 

AL,OFOH 
AL,CNLSEL 
DX.SELECT 
DX,AL 
CX,7FFFH 
AL,DX 
Al,8 
IZLOOP 
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;IZ selection 
;Select channel 
;Select output port 
;Select Phase Ill 
;Load up CX so the loop will loop 
;Get TSC500A comparator 
;Test if bit 3 is 0 
;Decrease CX, continue if CX > 0 
orbit1=3 



INTEGRATING CONVERTER 
ANALOG PROCESSOR 

Phase IV-Auto Zero (AZ) 
Charges the auto-zero capacitor to the input offset voltage and charges the reference capacitor to the reference 
voltage. 

AL= Select AZ mode (system interrups may be re-emabled) and channel (output to port) 
DX= Port address 
Puts the TSC500A in auto-zero mode and exits. 

A UTZ RO: MOV 
ADD 
MOV 
OUT 

AL,OF2H 
AL,CNLSEL 
DX,SELECT 
DX,AL 

;AZ selection 
;Select output 
;Select output port 
;Select Phase IV 

The binary-to-ASCII conversion and screen display of the actual program take more than enough time for proper 
offset correction. 

CALCXX: MOV 
CMP 
JNE 

Set up over-range message for display: 

SETOVF; 
MOV 
JMP 

CX,CXVAL 
CX,O 
NOTOVF 

MOV 
MSGOUT,DX 
SAVECX 

;Recall count 
;Test if count= 0 
;If count not 0, then no over-range 

DX,OFFSET OVFMSG 

Phase II uses CX as a down-counter so CXVAL is the compliment of the true count. 

NOTOVF: 
SAVECX: 

XOR 
MOV 

Optional Subroutines 
(depend on specific applications) 

CALL 
CALL 
CALL 
CALL 
CALL 
JMP 

CX,OFFFH 
VALUE, ex 

XFORM 
BIN2BCD 
ASCII 
DISPLAY 
KEYBRD 
INTGRT 
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;Compliment CXVAL 
;Save it in VALUE (0 if over-range) 

;Modify the transfer function ... 
;Convert VALUE to BCD ... 
;Convert BCD to ASCII characters ... 
;Display the results ... 
;Test if there's input on the keyboard ... 
; ... and start all over again 



TSCSOOA 
The comparator delay factor can be adjusted out 

with the reference voltage in systems that are 
designed for fixed resolution. This application has 
several different levels of resolution, and the delay 
represents a different percentage for each level. 
CORFAC is selected to have the same percentage 
relation ship to SCALER as the delay has to the 
deintegration period. 

The SCALER value is the reference count that 
determines the resolution of the conversion process. 
As this value is increased or decreased, more or 
fewer counts are available during the deintegrate 
phase. The ratio of the two counts (SCALER and 
VALUE) is still directly proportional to the input voltage 
for any fixed VReF. 

If SCALER is divided by 2, for example, the input 
voltage is equal to VALUE times 2. Of course, the 
significance of the LSB is lost and the resolution is 
reduced by 1 bit. Divide SCALER by 4, multiply 
VALUE by 4 and two LSBs are lost. The advantage is 
that the conversion time would be four times faster. 

A keyboard input routine permits changing the 
SCALER value by a multiple of 2 and corrects VALUE 
by the same amount. No changes to the circuit values 
are needed because only the reference voltage is part 
of the conversion equation and its effect has not 
changed. 

Complete Application 

APPLICATION NOTE 29 

Transfer Function Transformation 
The program could be expanded to include a 

routine (or several routines) that would modify or 
linearize the transfer function(s) per input channel. A 
simple look-up table or more complex algorithm could 
be implemented. 

A kit for this application is available from Teledyne Semiconductor. 
The kit includes a functional printed circuit board and a 5114 Inch floppy disk (IBM compatible, 

PC/MS-DOS 2.0) with a fully implemented program. The software supports 16-blt conversion and provides 
eight differential input channels. The results of each conversion is converted to ASCII characters and 
displayed on the screen. Keyboard entry allows selection of conversion resolution and Input channel. 
Documented source code Is also included on the disk. 

To order, contact your local representative or distributor or call Teledyne Semiconductor 
headquarters in Mountain View, California toll free at 1 ~800-888-9966. 
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SEMICONDUCTOR 

MATCHING MOSFET 
DRIVERS TO MOSFETS 

By Ron Vinsant 

Introduction 
Teledyne offers four distinct families of MOSFET 

drivers. This allows the designer to best match the switching 
performance of the driver/MOSFET to the application. 

MOSFET Die Sizes 
Unlike bipolar transistors in which die size is primarily 

a function of current, MOSFETs have die sizes that are a 
function of both current and voltage. 

Die Size Effect on Gate Capacitance 

MOSFET DRIVERS 
APPLICATION 
NOTE 30 

INPUT >-·->------1 
1µf 
sov 

As can be expected, the larger the die size, the larger v; >·----------------' 
the effective gate capacitance. As an illustration of this, look 
through any manufacturers data book and relate die size to 
CGs and CAss and you will find that die size determines both Figure 2: Use of a Resistor to Limit Peak Current 
these parameters, not the voltage or current rating of the 
device. DRIVER FAMILIES 

INPUT 

1µf 
sov 

Vs 

Figure 1: Typical Drive Circuit 

~"' 1/2 
TSC4424 

The industry has, in general, adopted International 
Rectifiers die size description technique. Instead of 
referring to "mils on a side" to describe die size, they have 
used simple numeric indicators O through 6. Thus a HEX O 
is the smallest die while a HEX 6 is the largest in standard 
MOSFET offerings. Some other manufacturers, (IXYS), are 
offering sizes as large as HEX 9. 

Peak Current Requirements 
One can now view the driving function in terms of the 

peak current required to obtain the required rise time for any 
application (in view of the capacitance thus die size). From 
(dV*C)/I = dTwe can determine the trade offs in any driving 
circuit. The optimum rise time in any application is based on 
many requirements such as EMI, heat dissipation, 
lead/circuit inductance.etc. Thus there can be no universal 
driver that fits all applications. 

There are four distinct families that Teledyne 
Semiconductor offers: 

TSC426/1426/4426 
TSC4423 
TSC429/4429 
TSCOOC26 

The TSC426 was the worlds first CMOS MOSFET 
driver and is a dual output device capable of up to 1.5 amps 
at 18 volts. It comes in two other versions, the dual non
inverting TSC427 driver, and one inverting and one non
inverting in the TSC428 driver. 

The TSC4426 family is the second generation of the 
426 family, but through improved processing and improved 
design has less propagation delay, no latch up problems 
driving inductive loads and draws half the power of the first 
generation. These improvements have been incorporated 
into all drivers with four numeric digits in the part number. 

~"' TSC4426 

Figure 3: Use of Zener Diode to Clamp Voltage on 
Long Output Lead. 
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TYPICAL APPLICATIONS 

+12 
+12 

TYPICAL USE IN 
CIRCUIT WITH 
LARGE TRACE/LEAD 
INDUCTANCE. 

SIMPLE DIRECT DRIVER 

TSC170 
CMOS 
PWM 

A 

B 

+12 

Another important improvement in the second gener
ation families is their ability to have the input signal go below 
the negative rail by as much as 6 volts. This guaranteed 
parameter is very useful in systems where the control 
circuit ground is not closely tied to the power or source 
ground of the MOSFET. These two grounds often move 
relative to one another. 

The TSC1426 is a special low cost version of the 426 
family that is latch-up proof but does not have the below rail 
protection on the input. It is a good choice for large volume 
OEMs. 

Following the same "part numbering pattern as the 1.5 
amp TSC426 family, the TSC4423 family of dual drivers 
has a 3 amp output capability. The TSC4424 is a dual 
non-inverting driver and the TSC4425 is one inverting and 
one non-inverting driver. 

The TSC4429 is a single inverting driver, (like its 
predecessor the TSC429), ·while the TSC4420 is non-

IRF450 

FORWARD CONVERTER 
WITH TSC4427 DRIVING 
UPPER AND LOWER FETS 

inverting. This family has 6 amp drive capability at 18 volts. 
The TSC4429 can slew a 10,000 pF load at 15 volts in 60ns. 

The TSCOOC26 is designed as a direct replacement of 
the old National DS0026. Fabricated in Teledynes new 
silicon gate process, it has propagation delays similar to the 
older bipolar part while drawing only 300µA of quiescent 
current. Output open circuit rise times are on the order of 
3ns at 12 volts. 

The table on the following page "Selecting MOSFET 
Drivers" shows the performance of the various drivers 
under production test methods. The characteristics of the 
drivers are more fully described in the individual data 
sheets. 

This table is used as a performance guide and should 
not be used as the sole selection criteria. Best performance 
analysis can be obtained by evaluation in your circuit or 
by purchasing a TSC MOSFET Driver demonstration kit. 
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MATCHING MOSFET 
MOSFET DRIVERS DRIVERS TO MOSFETS 

The following families of power drivers are made optimum choice for capacitive line drivers where 1.2 A-6 
with a CMOS process to interface between low-level A may be switched. With both inverting and non-
control functions and high-power switching devices, inverting inputs available, logic signals of either polarity 
particularly power MOSFETs. The devices are also an may be accepted. 

Selecting MOSFET Drivers 

Rise Fall Rising Falling Input 
Time@ Time@ Edge Edge Latch-

Protected 
Rated Rated Rated Prop. Prop. Up 

to 6V 
Drive Output No. & Type Load Load Load Delay• Delay Proof 

Below 
Device Current Invert. Non-Invert. (pf) (nS) (nS) (nS) (nS) Gnd Rail 

TSC1426 1.2 A Peak dual 1000 30 20 55 80 YES NO 

TSC1427 1.2 A Peak dual 1000 30 20 55 80 YES NO 

TSC1428 1.2 A Peak single & single 1000 30 20 55 80 YES NO 

TSC426 1.5 A Peak dual 1000 30 20 40 75 NO NO 

TSC427 1.5 A Peak dual 1000 30 20 40 75 NO NO 

TSC428 1.5 A Peak single & single 1000 25 20 40 75 NO NO 

TSC4426 1.5 A Peak dual 1000 25 25 18 38 YES YES 

TSC4427 1.5 A Peak dual 1000 25 25 18 38 YES YES 

TSC4428 1.5 A Peak single & single 1000 25 25 18 38 YES YES 

TSCOOC26 1.5 A Peak dual 1000 20 20 7.5 12 YES NO 

TSC4423 3.0 A Peak dual 2200 25 25 18 38 YES YES 

TSC4424 3.0 A Peak dual 2200 25 25 18 38 YES YES 

TSC4425 3.0 A Peak single & single 2200 25 25 18 38 YES YES 

TSC429 6.0 A Peak single inverting 10,000 70 95 53 60 NO NO 

TSC430 3.0 A Peak dual complimentary 2200 35 35 15 15 NO NO 

TSC4420 6.0A Peak single non-invert 10,000 70 80 18 38 YES YES 

TSC4429 6.0 A Peak single inverting 10,000 70 80 18 38 YES YES 

MOSFET Die Size vs. Suggested Driver Family 

Total C 
MOSFET Die Size of MOSFET Suggested Driver Faster 

Size (mm) (pf) (@12V) Rise/Fall 

Hex O .89 x 1.09 400 TSC426/1426/4426 TSCOOC26 

Hex 1 1.75 x 2.41 750 TSC426/1426/4426 TSCOOC26 

Hex 2 3.4 x 2.21 1500 TSC426/1426/4426 TSC4423/00C26 

Hex 3 4.44 x 2.79 3000 TSC426/1426/ 4426 TSC4423 

Hex 4 7.04 x 4.32 6000 TSC4423 TSC429/4429 

Hex 5 6.45 x 6.45 12000 TSC4423 TSC429/4429 

Hex 6 283 x 321 MIL 15000 TSC429/ 4429/ 4420 

Hex? 283 x 348 MIL 16000 TSC429/ 4429/ 4420 
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MOSFET DRIVERS 
Conclusion 

To.match any MOSFET to its proper driver, use the 
charts on the previous page, (which will take care of the 
largest number of applications), or use the simple formula: 
rise time (dt) =driver supply voltage (dV), times capacitance 

APPLICATION NOTE 30 

(C), all divided by driver current (I); restated: 
dt = (dv*C)/I 

If you need to drive any power MOSFET, there is a 
Teledyne driver to do the job. 
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~~TELEDYNE 

SEMICONDUCTOR 

LATCH UP PROTECTION 
OF CMOS ICs 

By Ron Vinsant 

INTRODUCTION 
Most CMOS ICs, given proper conditions, can 

"latch", (like an SCR), creating a short circuit from the 
positive supply voltage to ground. This application brief 
explains how this occurs and what can be done to 
prevent it. 

Construction of CMOS ICs 
In fabricating CMOS I Cs parasitic bipolar transistors 

are formed as a by product of the CMOS process, (see 
Figure 1 ). These transistors are inherent in the CMOS 
structure and can't be eliminated. The P channel device 
has a parasitic PNP and the N channel has an NPN 
parasitic. Through internal connections the two parasitics 
form a four layer SCR structure as shown in Figure 1 and 
in schematic form in Figure 2. 

,--- -INPUT FROM 
PREVIOUS ---

v; STAGE OUTPUT 

P-CHANNEL N-CHANNEL 
- - -- "----

Figure 1: Output Stage IC Layout 

SOURCE P+ 

01 P CHANNEL 

DRAIN , ~-~ PARASITIC 
P+ 

R2 P-WELL 
RESISTANCE 

I ---------

R1 BULK 
RESISTANCE 

----uDRAIN N+ 

SOURCE N+ 

Figure 2: Equivalent SCR Circuit 

1 
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The parasitic SCR can be turned on if the P+ of the N 
channel drain is raised above V ~.This action will bias the 
drain P+ of parasitic 01, t01 's emitter), on back through 
01 's base returning to Vs through bulk resistance R1. A 
similar situation can occur if the drain of the N channel 
MOSFET, (emitter of 02), is taken below the Vs supply. 

This emitter base junction of the parasitic bipolar is 
the parasitic diode that is also found in power MOSFETS. 
One of these diodes exists in every CMOS structure for 
both N and P channel devices; correspondingly there 
exists a parasitic bipolar for every MOSFET in the IC 
including the input transistors. Turn any one of them on 
and the SCR action will occur. 

In most applications the triggering of the parasitic 
SCR results in the destruction of the IC. The only time 
destruction does not occur is when the supply current to 
the device is limited. In this case the device will resume 
normal operation when the parasitic SCR is unlatched 
by cycling the supply current through zero. 

Preventing SCR Triggering: Grounds 
Clean grounds are important in any system but are 

especially important in analog and power processing 
circuits. This becomes even more critical when CMOS 
ICs are used. 

Poor ground practice can result in device latching. 
An example of this is shown in Figure 3A. In this example, 
the TSC170 sends the TSC426 a "low" signal which 
causes the power MOSFET to turn "on". If the ground 
return resistance, R1, is sufficiently high, the ground 
voltage of the TSC426 will rise above that of the TSC170, 
resulting in the input of the TSC426 being negatively 
biased. This will cause the TSC426 to latch. 

A similar condition can be caused by circuit 
inductance. Referring to Figure 3A again, assume R1 is 
replaced by an inductor. When the MOSFET turns "on'', 
current in the source lead builds up very rapidly. Typical 
rise times would be on the order of 30 to 60 ns. For our 
example, assume thatthe MOSFET is switching 5 amps 
and the circuit inductance is 1 O nH. From V= L di/dt we 
can generate voltage shifts of .83 volts to 1.66 volts, 
depending upon the rise time, and more than enough to 
trigger the parasitic SCR. 

Trouble shooting this type of problem can be 
facilitated by placing a series resistor, typically 1000, 
between the TSC426 and the MOSFET. This slows the 
MOSFET's transition and the circuit can be observed in 
operation without anything being destroyed. Be sure to 
take into account the increased dissipation in the 
MOSFET while using this technique. 

Figure 3B shows a proper "Star" ground that will 
prevent latching. Notice that all grounds meet only at one 



point. On a PC board this means that all traces must 
meet at one point, not that they are all connected to the 
same trace. See Figures 4a and 4b. 

Decoupling 
Another source of latch-up problems are ripple and 
noise on the power supply voltage. v; may be properly 
decoupled at the power supply, but at the supply pins of 
the IC, voltage transients occur. These transients are 

v; 

TSC 
170 

A 
GND 

POWER SUPPLY RETURN 
Vii 

Figure 3A: Improper Ground 

TSC 
170 

A 
GND 

v; 

FROM P.S. 
RETURN 

Vii 

Figure 38: Proper Ground 

TRACE 
RESISTANCE 

APPLICATION NOTE 31 

generated by the combination of the fast peak currents 
that are being drawn by the IC and the parasitic 
inductances and resistances of the power supply 
conductors. See Figures 5a and Sb. 

This problem can be very pronounced with IC's 
driving large loads, as is the case of a TSC426 or 
TSC429 driving a power MOSFET. Upon switching, the 
TSC429 can draw several amperes of current from the 
v; supply causing large transients in the local supply 
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voltage. If TSC429's input is very close to the system 
supply voltage, as it can be when being driven by CMOS 
logic, then the local Vs supply can drop significantly 
below the input, triggering the parasitic SCR. The 
parasitic SCR is very fast and this transition need last 
only a few nanoseconds for latching to occur. 

Aggravating this is the temperature dependence of 
the parasitic transistors. Their base emitter voltage 
decreases = 2.2 mV/C 0 as temperature increases, 
making them increasingly more sensitive to transients as 
the chip temperature rises. Many times a system which 
performed admirably on the bench begins to experience 
problems at high temperatures because the local de
coupling was marginal. 

The obvious solution is to properly decouple the 
supply bus so that Vs can't drop below the value of the 
input signal. A second less obvious solution is to reduce 
the logic level applied to the input of the device. 

Although lowering the input voltage will help these 
spikes that occur, they can cause other I Cs on the same 
power supply to suffer noise immunity problems from the 
noise generated by the driver IC. 

In some applications, such as portable instru
mentation, it is desirable to keep the total power 
consumption at a minimum and designers will commonly 
shut off power to unused portions of the system to 
conserve battery life. This can cause problems when an 
input signal is always present but the Vs line is turned 
"off". In this case, a resistor in series with the CMOS 
device's input will limit the injected current to a value 
below that listed in the device data sheet as "the 
maximum current into any pin". When Vs is subsequently 
switched "on", the SCR action will be prevented. 

Diodes 
A very reliable method for preventing the parasitic 

SCR action is to guard all the susceptible IC pins with 
steering diodes. This is most commonly used when a 
MOSFET driver is driving an inductive load such as a 
long length of wire or a pulse transformer. 

Placing a reverse biased diode ·between each 
supply rail and the input/output pin, as shown in Figure 
6a and 6b, limits the applied voltage swing to no more 
than the supply voltage plus the forward voltage drop of 
the clamping diode. For this reason Schottky diodes are 
usually the best choice for this technique as their forward 
voltage drop is less than the parasitic SCR's base emitter 
drop at any temperature. A Philips/Mullard/ Amperex 
BYV10-30, for example, will work well for higher power 
applications such as MOSFET drivers. A BAT54 dual 
diode works well for surface mount applications and with 
lower power ICs such as op-amps and A/D converters. 

Germanium diodes, such as a 1 N270, will work well 
also, but may be too leaky for some applications. 
Standard signal diodes, the 1 N4148 or 1 N914 for 
example, are frequently used; their larger junctions 
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ESR OF CAPACITOR 

Figure SA: TSC426 Fed By Two P.C. Traces 
(Equivalent Circuit) 

Vs 

DECOUPLING 
CAPACITOR 

Figure 58: Typical P.C. Layout TSC426 

having a lower effective forward drop than the parasitic 
junctions in the IC work effectively as over I under voltage 
clamps. 

In some instances where standard junction diodes 
are too leaky, such as might be the case in Figure 6b, a 
very low leakage junction FET, (JFET), acting as a diode, 
will do the trick. These devices can have leakages as low 
as a few picoamps and are very quick in responding. For 
these applications contact Teledyne Crystalonics. 

Resistors 
In applications where triggering of the parasitic SCR 

is not a concern and protecting the IC from destruction is 



Vs 

Vs 

Figure 6A: TSC901 With Diode Clamps. 

Figure 68: TSC429's Driving Pulse Transformer 

APPLICATION NOTE 31 

the only issue, then adding a resistor in series with the 
power supply pin will prevent device destruction. Once 
the SCA has been triggered, the supply voltage will have 
to be brought momentarily to zero to reset the SCA, but 
no damage will have been done to the IC unless the 
series resistor was not large enough to limit the fault 
current to a safe value. This is the lowest cost solution to 
prevent device damage. 

Using the resistor has limitations however. The 
resistor will. limit the current allowed for the decoupling 
capacitor, which in turn limits the frequency that the 
circuit can be driven at due to the AxC value. 

This method works very well in DC op-amp circuits 
as op-amps draw very little peak current and the circuit is 
only amplifying DC; no AC component-no AxC problems. 

Advances in CMOS Processing 
As stated earlier, the parasitic SCA is intrinsic to the 

structure of CMOS devices and can not be eliminated. 
However, it can be tamed, and through advanced 
processing and circuit design techniques pioneered by 
Teledyne Semiconductor, the problem of SCA latch-up 
has been eliminated. 

CONCLUSION 
Latch-up in CMOS IC's is preventable. Simple 

circuit techniques and attention to system design details 
will insure that CMOS' full potential can be realized in all 
operating environments. Designers can also look forward 
to the day, in the not too distant future, when even these 
few simple precautions are no longer necessary. 
Synopsis: 

To prevent latch-up: 
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A. Properly decouble IC. 
B. Clamp outputs with diodes when driving 

inductive loads. 
C. Clamp inputs with diodes if input signal 

exceeds the negative or positive rails of 
the power supply. 

D. Use Star grounds if at all possible in high 
current applications. 
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CMOS SMPS 
CURRENT MODE CONTROLLER 

By Ron Vinsant 

The TSC1 70 is the worlds first CMOS current mode 
PWM control IC. It features pulse by pulse current limiting, 
inherent feed forward, simple loop compensation, low 
power consumption and an output stage optimized to drive 
power MOSFETs. 

Current Mode Control 
First a word about current mode control. Current mode 

control has been an industry buzz word for some time but is 
still not well understood. Current mode control is most often 
used for buck regulators and buck derivatives. It can be 
used for half bridge designs but is harder to implement. 

There are a number of current mode control schemes 
in use. The TSC1 ?O's architecture is that of a fixed 
frequency, peak current terminating design. The clock 
starts the cycle and when the peak current reaches a value 
set by VRedhe cycle is terminated until the next clock pulse. 
See Figure 1. 

FUNCTIONAL DIAGRAM 

TSC170 
APPLICATION 
NOTE 32 

This then would be a system that appears as a 
constant current source. This current (in the primary of the 
transformer) is in effect very close to the value of the 
average current in the output inductor. 

The output inductor is then effectively taken out of the 
feedback loop that we have added in Figure 2 because the 
inductor is fed from a constant current source. Since the 
inductor is effectively removed from the circuit we don't 
have to worry about the inductor resonating with the output 
capacitor causing an unstable or conditionally stable power 
supply. This makes the loop look like a single pole system. 
This means that the loop gain decreases as the frequency 
increases at a rate of = 6 db per octave. 

If the system did not have single pole response 
(voltage mode control has double pole response) the roll off 
would go at 12 db per decade after the gain peaked due to 
the LC combination. See Figure 3. 
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So then one of the most if not the most significant point 
of current mode control is that it makes it easier for the 
designer to close the control loop and make it stable. 

Oscillator 
One area in which the low power consumption of the 

TSC170 is most noticeable to the user is in the oscillator 
section. The value of timing capacitor and resistor are much 
higher than its bipolar counterparts. 

Figure 1: Current Mode with no Voltage Feedback 

OUT 

Figure 2: Current Mode with Voltage Feedback 

APPLICATION NOTE 32 

The dead time is a function of the value of the timing 
capacitor and the reset current in the TSC170. Typical 
values are 220pF to 3300pF. The formula in the data sheet 
is approximate and is typically within 25% to 33% of the 
actual value for any particular part. 

Another way to calculate dead time is dv/dt = l/C 
where dv is the hysteresis of the comparator in the oscillator 
(= 2 volts), di is the dead time, I is the reset current sink 
(= 1 mA) and C is the value of the timing capacitor in farads. 
This method of calculation is most useful when the value of 
the timing resistor Ro is 20k0 and above. 

The ramp up time of the capacitor which is the 
maximum pulse width is set by the timing resistor on pin 9. 
Typical values are 5k to 70k0. 

The ramp never quite gets to 0 volts during reset, 
however, the higher the frequency of oscillation, the closer 
to O volts the bottom of the ramp gets. 

Voltage Reference and Undervoltage Lockout 
The voltage reference is setfor 5.1 volts. This voltage is 

derived from a temperature compensated zener diode with 
a buffered output. It can be used for a reference for the error 
amplifier and the current limit set point of pin 1. 

Odb 
.c 
"O 

w 
u z c w 
0: GAIN ONLY w 
LL SINGLE 
w POLE 0: 

(CURRENT MODE) 

-40db 

0 10 100 1K 10K 

FREQUENCY KHz 

Figure 3: Ideal Loop Response Voltage and Current 
Mode 

The under voltage circuit is specified for start up point 
and hysteresis to the stop point. This allows the designer to 
accurately calculate when the TSC170 will start and stop 
when powered by an external supply. Since this external 
supply may be the power line this can be a very useful 
feature and can save costly external circuits that monitor 
the supply. 
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Current Limit Amplifier 
The current limit amplifier is a fixed gain high frequency 

amplifier. Its purpose is to allow a small input signal from a 
current sense transducer such as a current transformer or a 
resistor. By arranging for a small inputthe losses across the 
current sense element are held to a minimum. 

The fixed gain of the current amplifier limits the input 
voltage to 1.1 volts. Atthis input voltage the amplifier has run 
out of swing and is approaching saturation. 

The TSC170 data sheet shows some typical current 
sensing schemes. 

Maximum Current Set Point (Pin 1) 
The maximum current set point is adjusted by the 

value of the voltage that appears at pin 1. The TSC170 data 
sheet shows how to set the value of the resistors for the 
intended application. These resistors also determine (by 
the amount of current flowing through the top resistor) the 
mode that the TSC170 will go into upon shutdown. There 
are two modes "hick-up" and latch. See Figure 4. 

Shutdown 
Hick-up mode is where the power supply resets itself 

upon shutdown and then goes through a soft start cycle. If 
shutdown is still invoked the power supply will reset again 

SWITCH 

rRRENT 
X315CUARENT 
AMPLIFIER 

TSC170 
and the cycle will start over. 

The latch mode is set by allowing the current into pin 1 
to be greater than 125µA. When pin 16, the shutdown input, 
goes high the shutdown comparator trips, causing 02 to 
turn on which generates a voltage feedback signal to the 
lock-up amplifier turning on 02 which results in 02 
remaining on no matter what the state of pin 16. 

The only way to get out of latch mode is to stop the 
current into pin 1. This can be accomplished by recycling 
the power to the TSC170 or by opening the current path to 
pin 16. 

The TSC170 data sheet explains how to calculate the 
value of the divider string for the two modes and how to set 
the peak current limit. 

By adding a capacitor from the intersection of R1 and 
R2 to ground, a soft start function can be generated. The 
capacitor slowly charges causing the voltage at pin 1 
(which is the value of the peak current limit) to rise will cause 
the pulse width to slowly increase. Note that since the 
capacitor is fed from a voltage source the rise is exponential, 
not linear. 

Output Stage 
The most importantthing to remember aboutthe output 

stage is that it is not possible to tie the output stage supply 

10 
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r-UNDERVOL TAGE 
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PWM LATCH 
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Figure 4: Shut Down and Current Limit Control Section TSC170 

17-135 

5.1 v 

RI 

R2 

16 

6kH 

• 



TSC170 
pin, 13 to a voltage that is more than ±350 mV different than 
the V1N pin, 15. This will result in the latch up of the TSC170. 
This latch up phenomena is explained in Application Note 
31. 

Each output can drive a 1000 pF load 16 volts in only 
50 ns. If greater speed is required an additional output 
driver such as the TSC44XX family can be used to increase 
the output current. These drivers are capable of up to 6 
amps of drive current. 

Figure 5 shows how an external driver can help get 
around the limitation of only one power supply for the 
TGC170. 

Example Power Supply Using the TSC170 
The 1 OOW power supply diagram shows the TSC1 70 

used in a push-pull configuration. The pulse by pulse 
current limiting guarantees that each switching transistor 
always switches the same amount of current maintaining 
flux balance in the transformer. This eliminates saturation in 
push-pull converters. 

An important point in the use of first generation CMOS 
power control devices such as the TSC170 is thatthe layout 
can affect the operation of the device greatly. 

An example of this is the current sense resistor in 

INPUT 

Figure 5: Self Powered Drive Scheme 

APPLICATION NOTE 32 

Figure 6. The ground end of the resistor meets all the other 
grounds at a single point (star ground). This prevents noise 
in the system that could cause latch up, and makes the 
entire system less sensitive to general noise problems. 

This power supply has soft start capability and is set to 
work in "hick-up" mode. A second CMOS comparator has 
been added as a safety device so that if a value of current is 
demanded by the error amplifier that is too high, instead of 
going into a constant current mode the external 
comparator causes the TSC170 to reset through the 
shutdown pin. 

This entire control circuit running at 125KHz, not 
including the TSC427 drive current, is only 2.4 mA. This 
would allow the control circuitry to run directly off the 48 volt 
input (through a dropping resistor and shunt zener) while 
the TSC427 could be supplied from a secondary winding 
on the transformer, similar to the scheme shown in Figure 5. 

Conclusion 
CMOS power control is now a reality. The TSC170 

dissipates very little power when compared to its bipolar 
counterparts. This combined with its fast rail to rail drive 
capability make the TSC170 a natural replacement for 
older bipolar parts. 

Jlli~i ~ : OUTPUT 
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1iC"TELEDYNE 
SEMICONDUCTOR APPLICATION BRIEF 7 

By Wes Freeman 

Design Engineers sometimes have to interface our TSC7106 
and similar ADCs to "non-ideal" sensors. A very common 
problem is that the sensor often does not give a "zero" output 
where the design wants a zero reading. 

One example of a "non-ideal" sensor is a diode used as a 
temperature sensor. The diode typically changes -2 mV per 
degree Celsius, but the change is from the diode's forward 
voltage of 600 mV or so. In order for the display to read "000" 
at 0.0 degrees, an offset must be provided. 

The differential inputs of the TSC7106 yield an easy solution 
to the offset problem. Figure 1 shows a simple thermometer 
with a diode sensor. Because the diode voltage decreases as 
temperature increases, IN LO is connected to the diode 
temperature sensor. The IN HI input is connected to a trim
pot which is used to cancel the diode's forward voltage. 

The offset problem gets a little more difficult, however, if a 
sensor requires a negative offset. The easiest way, shown in 
Figure 2, is to use a TSC9491 reference. This will provide an 
offset of up to -1.22 V. The only "trick" to this circuit is that 
Resistor R1 must source enough current for the TSC9491 
plus a few extra microamps for the COMMON input. 

Figure 2 also demonstrates the utility of the TSC7106 families' 
differential reference. The effective reference voltage is 
simply the difference between the REF HI and REF LO inputs. 
In this way, the same TSC9491 can be used to produce both 
input offset and reference voltages. 

Negative Offset 

INPUT 

1 Mil 

R1 
22 k 

"""' TSC9491 50 k 

Solve Sensor 
Offset Problems with TSC7106 

Positive Offset 

300 k 300 k V+ 

IN LO 

50 k 
IN HI 

IN4148 50 k 
R1 

SENSOR REF HI 
R2 ..,.... 

TSC7128 

VFS • 2.0 V 
REF LO 

COMMON 

Figure 1 

9V 

11 

V+ V-

REF HI 

COMMON 

INHI 
..,.... 

TSC7106 
.01 

IN LO 

50 k >o.11------1------1 REF LO 

Figure 2 

REFERENCE 
AOJUST 
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'°''°"TELEDYNE 
SEMICONDUCTOR APPLICATION BRIEF 8 

By Wes Freeman 

TSC7660 Powers RS-232 Data Loop 
• Low Cost Adapter 

The introduction of single-voltage EPROMS and dynamic 
RAMs has permitted designers to produce complete digital 
systems powered by a single 5 volt supply. One area which 
has not yielded to single-supply operation, however, is the 
RS-232 interface. If a system must communicate with an 
RS-232 serial device, such asa printer or another computer, a 
separate power supply is required. 

The circuit in Figure 1 provides an RS-232 driver without 
requiring a second power supply. Originally built for down
loading files from an IBM PC to an AIM-65, the circuit is 
applicable to a wide variety of single-board computers as 
well as single chip microprocessors such as Intel's 8051. In 
100-piece quantities the component cost is less than $3.00, 
and pc board space is only a little more than is occupied by a 
20-pin socket. 

Understanding the circuit's operation is easy. U1 is the 
CMOS TSC7660 DC-to-DC converter. It contains an oscil
lator and matrix of switches which convert the +5 volt supply 
to -5 volts. The optoisolator converts the TTL-level input 
current into a voltage which swings between the plus and 
minus supply rails, producing RS-232 compatible output 
levels. 

Resistor R1 determines the RS-232 output voltage swing. 
R1 's value is determined by the input specifications of the 
receiving device, current transfer ratio of the optoisolator, 
and the driving circuit's output current capability. 

The RS-232 input voltage spec is ±3 volts. The minimum 
input resistance of the MC1489, a typical RS-232 receiver, 

,r. GNO 

SINGLE 
OROT 
COM MU 

BOARD COMPUTER 
HER SERIAL 

NICATIONS DEVICE 

+5 v <>-

100" 

" 

1 

2 

J. 
GNO 

2 
CAP+ 

DC-DC 

*=;Oµfd 
CONVERTER 

VoUT ..,... 
4 TSC7680 

CAP-

V+ 

l" 
4N26 

OPTOISOLATOR 

J. 5 

4 

is about 3 kn. Therefore, 1 mA of current must be supplied, 
and R1 must be: 

R1= 5V-3V 

1 mA 
= 2 kn 

For reliable operation the optoisolator should be biased to 
saturation, so: 

IOPTQ= ~+~ =6.6mA 
2 kn 3 kn 

Since the optoisolator's current transfer ratio is only 20%, 
the LED current must be: 

ILED = 6.6mA*100% = 33 mA 
20% 

This value is within the capability of the 7438 driver supplied 
with the AIM-65 computer. For interfacing to lower-power 
devices a higher gain optoisolator can be substituted. The 
4N33 Darlington, for example, has a current transfer ratio of 
500%, which reduces input drive current requirements to 
only 1.3 mA. 

For a cable length of six feet, the circuit operates properly up 
to 9600 baud. Unfortunately, high baud rates are not always 
useable. This is because many computer. prototyping 
boards seem to have software serial-communications routines 
which are designed for 110 baud teleprinters. These routines 
do not make use of the handshaking signals which RS-232 
provides. Unless the serial communications routines are re
written, lower baud rates may be required for proper operation. 

7 SIGNAL 

i: .... GROUND 

6 -•v 
RS-232 
DB-25 
CONNECTOR 

R1 

2 '" .. 
TRANSMITTED 

SERIAL DATA DATA 
OUTPUT 
IRS-232) 

T 
EVEL) 

SERIAL 
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OUTPU 
(TTL L 

*CONFIGURES THE SINGLE BOARD COMPUTER 
Figure: 1 AS DATA COMMUNICATIONS EQUIPMENT (DCE) 

This low cost circuit converts TTL-level signals to an RS-232 level without the expense of a negative power supply. The TSC7660's 
-5 V output permits the optoisolator to swing to RS-232 levels at up to 9600 baud. 
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~..-TELEDYNE 
SEMICONDUCTOR APPLICATION BRIEF 9 

By Dave Gillooly 

The TSC7106A/7106 31/2 digit analog-to-digitial converters 
with liquid crystal display drive can be powered from ±5 V 
power supplies easily. Low cost voltage regulators such as 
the LM7805 (+5 V) and LM7905 (-5 V) power the TSC7106A/ 
7106 in Figure 1. Analog common, internally referenced to 
3 V below the positive supply potential, is used to supply the 
converter reference. 

If only +5 Vis available the low cost TSC7660 DC to DC con
verter easily generates the -5 V supply as in Figure 2. A 
TSC7107 A/7107 LED display converter can also be powered 
by a TSC7660. 

+t5V 

LM7805 

+SV 
REGULATOR 

31 

ANALOG {0----'l+INPUT 
INPUT 

0-----"30'4 -INPUT 

+5V 

TSC7106A/7106 

+5 V Power Supply Operation 
with TSC7106A/TSC7107 A 

An external voltage reference replaces the internal reference 
in Figure 3. Chip temperature variations caused by changing 
LED display drive current can cause full-scale drift if the in
ternal reference does not have a low temperature coefficient. 
Input signal magnitude and the corresponding seven seg
ment display code determine how many LED segment drivers 
are active. The TSC7107 A features an improved low tempera
ture drift internal voltage reference. 

The TSC7107 A is directly pin compatible with the first gene
ration ICL7107 device and lowers temperature induced full
scale drift (See the TSC7107A Data Sheet Also). 

V$ 

"' 24k<l 

VREF+ 11-3-6 ---<. f~n 
VREF t 
100mV 

VREF-o-3~5--... 

~~~~i~ ,_32 __ ~ 
v- GND 

26 21 TSC7107 
'":"' ONLY 

-15V 

Figure 1: TSC7106A/7106 Operates From ±5 V Power Supplies 
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SEMICONDUCTOR APPLI ATI N BRIEF 10 

Vendors for Support 
Components 

Many Teledyne Semiconductor products use displays, cry
stals and capacitors. A partial list of potential suppliers for 
components is given below. Although not exhaustive, the list 

should help development. Additional vendors can be found 
in the U.S. Industrial Directory, Electronic Design's Gold 
Book, and Who's Who in Electronics. 

LED Displays 
•AND 
Burlingame, CA 94010 
(415) 347-9916 
TWX: 910-374-2353 

• General Instrument 
Opto Electronics Division 
Palo Alto, CA 94304 
( 415) 493-0400 

• Hewlett Packard 
Opto Electronics 
640 Page Mill Road 
Palo Alto, CA 94304 
(415) 857-5948 

• Litronix 
Cupertino, CA 95014 
( 408) 257-7910 
TWX: 910-338-0022 

Oscillator Crystals 
• Daiwa Sinku Corp. 
Hirakacho, Kakogowa Hyogo, Japan 
0794-26-3211 

• International Piezo Ltd. 
Hong Kong 
3-351051 
TELEX: 35454 XTAL HX 

• Jameco 
Belmont, CA 
(415) 592-8097 
TELEX: 176043 

• Statek Co. 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 

Piezoelectric Audio 
Transducers 
• Murata Erie 
Marietta, GA 30067 
(404) 952-9777 
TWX: 810-766-1531 

• Piezoelectric Products 
Gulton Industries 
Metuchen, NJ 08840 
(201) 548-2800 

Liquid Crystal Displays 
• Amperex 
Slatersville, RI 02876 
(401) 762-3800 
TWX: 710-382-6332 

• Crystaloid 
Hudson, OH 44236 
(216) 655-2429 

• Epson 
Torrance, CA 90505 
(213) 534-0360 
TELEX: 182412 

• Hamlin 
Lake Mills, WI 53551 
(414) 648-2361 
TWX: 910-260-3740 

• Printed Circuits International 
1145 Sonora Court 
Sunnyvale, CA 94086 
( 408) 980-0591 

• REFAC 
Winsted, CT 06098-0809 
(203) 379-2731 
TWX: 710-449-6464 

• UCE 
Norwalk, CT 06855 
( 203) 838-7 509 

• Varitronix 
VL Electronics 
Los Angeles, CA 90027 
(213) 661-8883 
TELEX: 821-554 

Liquid Crystal Display 
Connectors 
• Tecknit 
129 Dermody Street 
Cranford, NJ 07016 
(201) 272-5500 
TWX: 710-996-5951 

Polypropylene Capacitors 
• International Components 
Melville, NY 11747 
(516) 293-1500 
TELEX: 143130 

• S&EI Manufacturing 
Northridge, CA 91324 
(213) 349-4111 
TWX: 910-493-1252 

• Seacor 
Westwood, NJ 
(201) 666-5600 
TELEX: 135354 

• Sprague Electric 
North Adams, MA 
(413) 664-4411 

• TRW Capacitors 
Ogalla, NE 
(308) 284-3611 

• Wesco 
Greenfield, MA 01301 
(413) 774-4358 

• West Lake Capacitors 
West Lake Village, CA 
(818) 889-4120 
TWX: 910-494-4779 

Quad Flat Package 
Test Sockets 
• Nepenthe Distribution 
2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 
( 415) 856-9332 

Resistor Networks 
• Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
(714) 788-1700 
TWX: 910-332-6108 

This listing does not represent an endorsement of manufacturer's product or a 
guarantee of suitablity. Contact the supplier for specific product information. 

17-145 



Notes 

ENGINEER:-'--~---'--------------------- DEPT: ----

PROJE;CT: DATE: -----

DESCRIPTION _______________________________ _ 

17-146 



LCD Displays for Autoranging and 
By wes Freeman Bar Graph Output A/D Converters 

Teledyne Semiconductor has developed several 
analog to digital converters with unique LCD display 
formats. To speed prototype evaluation of these prod
ucts, standard displays are available from Crystaloid 
Electronics. This application brief lists the LCD manufac
turer part numbers for several of Teledyne 
Semiconductor's ND converters. 

Displays for Autoranging A/D Converters 

Product Part Number 

TSC805/815/816 SX-1028 

Displays for Bar-graph Display AID Converters 
The vendor supplying these products can also 

design custom displays for almost any application. 
Please contact the vendor directly for information on 
available size, style, connector and display color options. 

Product 

TSC825 

Part Number 

ST-1315 

TSC826 SX-1029 

TSC827 ST-1315-M1 

TSC828 ST-1322-M1 

Graphic Output Analog to Digital Converters 

TSC Resolution Set Dual Display 
Part No. (%) Points Polarity Type Description 

TSC825 1.0 No No MTPLX 1% ADC with on-chip drivers for a 101-segment bar graph 
display. Differential inputs and reference. On-chip reference. 

TSC826 2.5 No Yes Direct 2.5% ADC with 41-segment LCD drive. Differential inputs 
with ±20 mV to ±2 V full scale. Bar or Dot display format. 
Display HOLD input. On-chip reference. 

TSC827 1.0 Yes No MTPLX 0.1% ADC with 101-segment LCD drive. Serial Data Output. 
High and Low set point alarms. HOLD input. Differential 
inputs and reference. On-chip voltage reference. 

TSC828 0.1 Numeric NA MTPLX Numeric Display controller for TSC827. Displays TSC827 A-D 
result to 0.1% resolution, plus Low and High set point values. 
Serial data input. Set point alarm logic outputs and piezoelec-
Irie buzzer driver. Five decimal point/annunciator inputs. 
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LCD Displays for Autoranging and 
Bar Graph Output A/D Converters 

Autoranglng 3 1/2 Digit Analog to Digital Converters 

TSC No. of HOLD 
Part No. Ranges Function Package Description 

TSC805 22 

TSC815 22 

TSC816 24 

Vendor Addresses: 

Crystaloid (USA) 
Crystaloid Electronics 
P.O. Box 628 
5282 Hudson Dr. 
Hudson, OH 44236 
Phone: (216) 655-2429 

Fax: (216) 655-2176 

No 

Yes 

Yes 

601Pin Flat 

68 Pin 
PLCC 

Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
decimal points, and annunciators. Measures 9 DC/AC voltage, 4 
AC/DC current, and 9 high/low power Ohms ranges. On-chip 
reference. 9 V battery operation. 

Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
decimal points, and annunciators. Measures 9 DC/AC voltage, 4 
AC/DC current, and 9 high/low power Ohms ranges. Display 
HOLD input. On-chip reference. 9 V battery operation. 

Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
decimal points, and annunciators. Measures 9 DC/AC voltage, 6 
AC/DC current, and 9 high/low power Ohms ranges. Display 
HOLD input. On-chip reference. 9 V battery operation. 

Crystaloid (Europe) 
Rep France 
102, rue des Nouvelles 
F92150 Suresnes 
France 
Phone: 33-1-42 04 29 25 

Fax: 33-1-45 06 46 99 
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Brief Glossary For TSC Products 

Analog-to-Digital Converter 
Electronic device that converts Analog (continuous) infor
mation into a Digital word (number). Analog quantities can 
be temperature, pressure, weight, chemical concentration, 
noise level, and fluid level. 

The Digital result can be a number in binary, decimal, or 
binary-coded-decimal (BCD). 

Auto-Zero 
A self-correcting system that insures a Zero output of the 
ADC for a Zero input. 

Binary 
Number system with only two values - O or 1 - in each 
numeric position. This is the number system used in compu
ter systems. 

Binary-Coded-Decimal (BCD) 
A number system whereby binary numbers are grouped in 
sets of four to represent decimal (Ten system) numbers. This 
system is shown below. 

BCD# 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 

Decimal# 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

This number system is useful for some AID converters intended 
to be used in displaying the output as decimal numbers. 

Bit 
A single binary number unit, O or 1. An 8-bit number could 
appear as: 

10011110 (158 in decimal) 
or 

01000011 

or any other combination 
from 

Code 

(67 in decimal) 

00000000 
to 

11111111 

Output format of AID converter. Usually binary, BCD, or 
sign-magnitude binary. 

Digit 
A single decimal number unitthatcan range in value from Oto 9. 

Thus, a 3 1/2 digit A/D converter goes from 0000 to 1999; 

a 4 1 /2 digit A/C converter can provide outputs from 
00000 to 19999; 

and a 3 digit converter can provide outputs from 
000 to 999. 

Note that the "1/2 digit" merely doubles the output range by 
adding a Most Significant Bit to the output. 

Display ADC 
An AID converter normally designed to convert and display 
the numeric value representing the analog signal. Display 
ADC's may have the Display Driver built in (as the TSC7106, 
7107, 7116, 7117 have}, or may provide multiplexed BCD for 
use by external drivers (the TSC14433, TSC7135, and 
TSC8750 do this). 

Least-Significant-Bit (or Digit) 
The lowest number position 

for Decimal 1287 
I 

Least Significant Digit (LSD) 

for Binary 10010011 

Least Significant Bit (LSB) 

Multiplexed 
Signals sharing a common connection but separated in time 
are said to be multiplexed. Multiplexed BCD is characterized 
by the 4 BCD signal paths in which the appropriate digits are 
separated in time. 

Resolution 
Number of output states offered by the A/D converter. For a 
binary ADC, the resolution is 2"; where n equals the number 
of bits, 

thus: 28 = 256 
210 = 1024 
212 = 4096 
214 = 16384 
218 = 65536 

For decimal and BCD ADCs, the resolution equals 10"; where 
n is the number of digits (see "Digit" definition). 

Sign 
An additional output in some ADCs that are capable of mea
suring both+ and- voltage. The sign bit identifies this polar
ity (typically, "1" for+ and "O" for-). The coding format 
resulting is called Sign-Magnitude Code. 
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Glossary of Data Conversion Terms 

Absolute Accuracy 
The worst-case input to output error of a data converter re
ferred to the NBS standard volt. 

Accuracy 
The conformance of a measured value with its true value; the 
maximum error of a device such as a data converter from the 
true value. See relative accuracy and absolute accuracy. 

A/D Converter 
Analog-to-digital converter. A circuit which converts an 
analog (continuous) voltage or current into an output digital 
code. 

Auto-Zero 
A stabilization circuit which serves an amplifier or AID con• 
verter input offset to zero during a portion of its operating 
cycle. 

Bandgap Reference 
A voltage reference circuit which is based on the principle of 
the predictable base-to-emitter voltage of a transistor to 
generate a constant voltage equal to the extrapolated band
gap voltage of silicon (~1.22 V). 

Binary Code 
A positive weighted code in which a number is represented 
by 

N = ao2° + a,21 + a222 + aJ23 + ... + an2" 

where each coefficient "a" has a value of zero or one. Data 
converters use this code in its f.ractional form where: 

N = a12-1 + a22-2 + a32-3 + ... an2-n 

and N has a fractional value between zero and one. 

Binary Coded Decimal (BCD) 
A binary code used to represent decimal numbers in which 
each digit from 0 to 9 is represented by four bits weighted 
8-4-2-1. Only 10 of the 16 possible states are used. 

Bipolar Mode 
For a data converter. when the analog signal range includes 
both positive and negative values. 

Busy Output 
See Status Output 

Charge Balancing A/D Converter 
An analog-tocdigital conversion technique which employs an 
operational integrator circuit within a pulse generating feed
back loop. Current pulses from the feedback loop are pre
cisely balanced against the analog input by the integrator, 
and the resulting pulses are counted for a fixed period of time 
to produce an output digital word. This technique is also 
called quantized-feedback. 

Clock 
A circuit in an A/D converter that generates timing pulses 
which synchronize the operation of the converter. 

Common-Mode Rejection Ratio 
For an amplifier, the ratio of differential voltage gain to 
common-mode voltage gain, generally expressed in dB. 

CMRR = 20 log10 ~ 
AcM 
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where Ao is differential voltage gain and AcM is common 
mode voltage gain. 

Conversion Time 
The time required for an A/D converter to complete a single 
conversion to specified resolution and linearity for a full
scale analog input change. 

Differential Linearity Error 
The maximum deviation of any quantum (LSB change) in the 
transfer function of a data converter from its ideal size of 
FSRl2". 

Dual Slope AID Converter 
An indirect method of AID conversion whereby an analog 
voltage is converted into a time period by an integrator and 
reference and then measured by a clock and counter. The 
method is relatively slow but capable of high accuracy. 

End of Conversion 
See Status Output 

Frequency-To-Voltage (F/V) Converter 
A device which. converts an input pulse rate into an output 
analog voltage. 

Full-Scale Range (FSR) 
The difference between maximum and minimum analog 
values for an A/D converter input or DI A converter output. 

Integral Linearity Error 
The maximum deviation of a data converter transfer function 
from the ideal straight line with offset and gain errors zeroed. 
It is generally expressed in LSB's or in percent of FSR. 

Integrating AID Converter 
One of several types of A/D conversion techniques whereby 
the analog input is integrated with time. This includes dual 
slope, triple slope, and charge balancing type AID converters. 

Least Significant Bit (LSB) 
The rightmost bit in a data converter code. The analog size of 
the LSB can be found from the converter resolution: 

LSB Size = FSR 
2" 

where FSR is full-scale range and n is the resolution in bits. 

Linearity Error 
See Integral Linearity Error and Differential Linearity Error. 

Missing code 
In an A/D converter, the characteristic whereby not all output 
codes are present in the transfer function of the converter. 
This is caused by a non monotonic DI A converter inside the 
AID. 

Monotonicity 
For a DI A converter, the characteristic of the transfer func
tion whereby an increasing input code produces a contin
uously increasing analog output. Nonmonotonicity may 
occur if the converter differential linearity error exceeds ±1 
LSB. 

Most Significant Bit (MSB) 
The leftmost bit in a data converter code. It has the largest 
weight, equal to one half of full-scale range. 



Glossary of Data Conversion Terms 

Multiplying D/ A Converter 
A type of digital-to-analog converter in which the reference 
voltage can be varied over a wide range to produce an analog 
output which is the product of the input code and input 
reference voltage. Multiplication can be accomplished in 
one, two, or four algebraic quadrants. 

Noise Rejection 
The amount of suppression of normal mode analog input 
noise of an A/D converter or other circuit, •generally ex
pressed in dB. Good noise rejection is a characteristic of 
integrating type A/D converters. 

Offset Drift 
The change with temperature of analog zero for a data 
converter operating in the bipolar mode. It is generally 
expressed in ppm/° C of FSA. 

Parallel Type AID Converter 
An ultra-fast method of AID conversion which uses an array 
of 2" - 1 comparators to directly implement a quantizer, 
where n is the resolution in bits. The quantizer is followed by 
a decoder circuit which converts the comparator outputs into 
binary code. 

Power Supply Sensitivity 
The output change in a data converter caused by a change in 
power supply voltage. Power supply sensitivity is generally 
specified in %/V or in %/% supply change. 

Ratlometrlc AID Converter 
An analog-to-digital converter which uses a variable reference 
to measure the ratio of the input voltage to the difference. 
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Relative Accuracy 
The worst case input to output error of a data converter. as a 
percent of full-scale, referred to the converter reference. The 
error consists of offset, gain, and linearity components. 

Resolution 
The smallest change that can be distinguished by an AID 
converter or produced by a D/ A converter. Resolution may 
be stated in percent of full-scale, but is commonly expressed 
as the number of bits n where the converter has 2" possible 
states. 

Status Output 
The logic output of an AID converter which indicates whe
ther the device is in the process of making a conversion or 
the conversion has been completed and output data is ready. 
Also called busy output or end of conversion output. 

Temperature Coefficient 
The change in analog magnitude with temperature, ex
pressed in ppm/• C. 

Three-State Output 
A type of a/D converter output used to connect to a data bus. 
The three output states are logic 1, logic 0, and off. An enable 
control turns the output on or off. 

Voltage-To-Frequency (V /F) Converter 
A device which converts an analog voltage into a train of digi
tal pulses with frequency proportional to the input voltage. 

Zero Drift 
The change with temperature of analog zero for a data con
verter operating in the unipolar mode. It is generally ex
pressed in µ.V/°C. 
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Main Sales Offices 
Domestic Sales Offices 
Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
415/968-9241 
TVVX:910-379-6494 
FAX: 415-967-1590 

Teledyne Semiconductor 
Eastern Sales Office 
11 E. Chase St. 
Suite 5B 
Baltimore, MD 21202 
Tel: (301) 659-9880 
FAX: 301-659-9882 
Teledyne Semiconductor 
New England Sales Office 
52 Guild St. 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
FAX: 617-769-0469 

Foreign Sales Offices 
Teledyne Semiconductor 
Abraham Lincoln Stra,Be 38-42 
6200 Wiesbaden 
West Germany 
Tel: 6121-768-0 
TLX: 418-6134 
FAX: 6121 -768155 
Teledyne Semiconductor 
The Harlequin Centre 
Southall Lane 
Southall 
Middlesex, UB2 5NH 
England 
Telephone 1-571-9596 
TLX:935008 
FAX: 1-571-9439 

Teledyne Semiconductor 
85, Rue Anatole France 
F-92300 Levallois-Perret 
Tel.: 1-47 5719 70 
TLX:611752 
FAX: 1-47 59 92 69 

Teledyne Semiconductor 
10 Sam Chuk Street 
1 /F., San Po Kong Kowloon 
Hong Kong 
Telephone 852-3-240122 
TLX: 780-43549 
FAX: 852-3-351-2344 

Ill 



United States Manufacturers Representatives 

Alabama 

Action Component Sales Inc. 
3005 L&N Drive 14 
Huntsville, AL 35801 
(205) 533-0287 

Alaska 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
T\NX:910/379-6494 
FAX:415/967-1590 

Arizona 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
T\NX:910/379-6494 
FAX:415/967-1590 

California 

Megarad Sales 
3823 Patrick Henry Place 
Agoura, CA 91301 
(818) 991-0091 

(San Francisco) 
Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
T\NX:910/379-6494 
FAX: 415/967-1590 

San Diego 
Bestronics, Inc. 
9683 Tierra Grande Street 
Suite 102 
San Diego, CA 92126 
(619) 693-1111 

Megarad Sales 
1620 El Portal Drive 
La Habra, CA 90631 
(213) 694-1750 

Colorado 

Candal Inc. 
7500 W. Mississippi 
Suite A-2 
Lakewood, CO 80226 
(303) 233-0155 

Connecticut 

Teledyne Semiconductor 
N.E. Sales Office 
52 Guild St. 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
TWX: 710-321-9311 
FAX: 617-769-0469 

Delaware 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX:910/379-6494 
FAX: 415/967-1590 

District of Columbia 

Walker-Houck Associates 
10706 Reisterstown Rd. 
Suite D 
Owings Mills, MD 21117 
(301 ) 356-9500 

Florida 

ElectroCraft, Inc. 
12880 Automobile Blvd. 
Suite G 
Clearwater, FL 34622 
(813) 573-2277 

Georgia 

Action Compo~ent Sales Inc. 
494 Cove Road 
Suite 17 
Jasper, GA 30143 
(404) 998-7227 
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Hawaii 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
T\NX:910/379-6494 
FAX:415/967-1590 

Idaho 

Electronic Sources Incorporated 
17020 S.W. Upper Boones Ferry Rd. 
Suite 1103 
Portland, OR 97224 
(503) 684-0040 

Illinois 

Dolin Sales Co. 
609 Academy Dr. 
Northbrook, IL 60062 
(312) 498-6770 

Indiana 

Luebbe Sales Company 
6515 E. 82nd Street 
Suite 202 
lndianpolis, IN 46250 
Telephone: (317) 845-7389 
FAX: 317-845-5875 

Iowa 

Hitec Central, Inc. 
1644 26th St. N.W. 
Cedar Rapids, IA 52405 
(319) 396-3228 

Kansas 

Hitec Central Inc. 
803Choctaw 
Independence, MO 640S6 
(816) 796-6684 

Kentucky 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: 415/968-9241 
T\NX:910/379-6494 
FAX: 415/967-1590 



United States Manufacturers Representatives (Cont.) 

Louisiana 

MREP 
12801 Stemmons Fwy 
Suite 825 
Dallas, TX 75243 
(214) 484-5711 

Maine 

Teledyne Semiconductor 
N.E. Sales Office 
52 Guild Street 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
FAX: 617-769-0469 

Maryland 

Walker-Houck Associates 
1 0706 Reisterstown Rd. 
Suite D 
Owings Mills, MD 21117 
(301) 356-9500 

Massachusetts 

Teledyne Semiconductor 
52 Guild Street 
Suite 16 
Norwood, MA 02602 
(617) 769-9420 
FAX: 617-769-0469 

Michigan 

Luebbe Sales Company 
27280 Haggerty Road C-11 e 
Suite 202 
Farmington Hills, Ml 48331 
Telephone: (313) 489-8828 
FAX: 313-489-8829 

Minnesota 

Microelectronic Sales 
6440 Flying Cloud Drive 
Minneapolis, MN 55344 
(612) 829-0948 

Mississippi 

Action Component Sales, Inc. 
555 Sparkman Drive 
Suite 208 
Huntsville, AL 35816 
(205) 539-2074 

Missouri 

Hitec Central Inc. 
2282 Goldfinch 
Florissant, MO 63031 
(816) 796-6684 

Montana 

Electronic Engineering Sales 
8405 165th Ave. 
Redmond, WA 98052 
(206) 883-3374 

Nebraska 

Hitec Central Inc. 
803 Choctaw 
Independence, MO 64056 
(816) 796-6684 

Nevada 

(Las Vegas) 
Megarad Sales 
3823 Patrick Henry Place 
Agoura, CA 91301 
(213) 991-57 4 7 

(Reno) 
Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX:910/379-6494 
FAX: 415/967-1590 

New Hampshire 

Teledyne Semiconductor 
N.E. Sales Office 
52 Guild Street 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
FAX: 617-769-0469 
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New Jersey 

Sunday O'Brien 
15 Potter St. 
Haddonfield, NJ 08033 
(609) 429-4013 

New Mexico 

1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 
FAX: 415/967-1590 

New York 

Teledyne Semiconductor 
1300 Terra Bella Ave. 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX:910/379-6494 
FAX: 415/967-1590 

North Carolina 

Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 
FAX: 415/967-1590 

North Dakota 

Microelectronic Sales 
6440 Flying Cloud Dr. 
Minneapolis, MN 55344 
(612) 829-0948 

• 



United States Manufacturers Representatives (Cont.) 

Ohio 
Luebbe Sales Company 
7260 Edington Drive 
Cincinnati, OH 45249 
Telephone: (513) 530-0600 
FAX:513-530-0623 
Luebbe Sales Company 
6480 Busch Blvd. 
Suite 131 
Columbus, OH 43229 
Telephone: (614) 431-0474 
FAX: 614-431-0957 
Luebbe Sales Company 
21330 Center Bidge Road 
Cleveland, OH 44116 
Telephone: (216) 333-0426 
FAX:216-333-0704 
Luebbe Sales Company 
3832 Kettering Blvd. 
Dayton, OH 45439 
Telephone: (513) 294-0426 
FAX: 513-294-3167 
TWX: 513-459-1779 

Oklahoma 
MREP 
12801 Stemmons 
Suite 825 
Dallas, TX 75234 
(214) 484-5711 

Oregon 
Electronic Engineering Sales 
12070 SW Upper Boones Ferry Road 
Suite 301 
Portland, OR 97224 
(503) 639-3978 

Pennsylvania 
Sunday O'Brien 
15 Potter St. 
Haddonfield, NJ 08033 
(609) 429-4013 
Luebbe Sales Company 
9600 Perry Highway 
Suite 208 
Pittsburgh, PA 15237 
Telephone: (412) 364-0490 
FAX: 412-364-4290 

Rhode Island 
Teledyne Semiconductor 
N.E. Sales Office 
52 Guild Street 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
FAX: 617-769-0469 

South Carolina 
Teledyne Semiconductor 
1300 Terra Bella Avenue 
P.O. Box 7267 
Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 
FAX: 415/967-1590 

South Dakota 
Microelectronic Sales 
6440 Flying Cloud Dr. 
Minneapolis, MN 55344 
(612) 829-0948 

Tennessee 
Action Component Sales, Inc. 
3005 L & N Drive 
Suite 4 
Huntsville, AL 35801 
(205) 533-0287 

Texas 

MREP 
12801 Stemmons 
Suite 825 
Dallas, TX 75234 
(214) 484-5711 
MREP 
1306 !"M 1092 
Suite 208 
Missouri City, TX 77459 
(713) 261-0798 
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Utah 
Anderson Associates 
270 S. Main Street 
Suite 108 
Bountiful, UT 84010 
(801) 292-8991 

Vermont 
Teledyne Semiconductor 
N.E. Sales Office 
52 Guild Street 
Suite 16 
Norwood, MA 02062 
(617) 769-9420 
TWX: 710-321-9311 
FAX: 617/769-0469 

Virginia 
Walker-Houck 
105 Oak Hollow Drive 
Moneta, VA 24121 
(713) 297-4496 

Washington 
Electronic Engineering Sales 
8405165th Ave. 
Redmond, WA 98052 
(206) 883-3374 

Wisconsin 

Dolin Sales Co. 
609 Academy Dr. 
Northbrook, IL 60062 
(312) 498-6770 

Wyoming 
Anderson Associates. 
270 S. Main Street 
Suite 108 
Bountiful, UT 8401 O 
(801) 292-8991 



United States Distributors 

Alabama California (Cont.) Connecticut (Cont.) 

Marshall Industries Future/Cetec Electronics Marshall Industries 
3313 Memorial Parkway South 21730 Nordhoff Street 20 Sterling Dr. 
Suite 106 Chatsworth, CA 91311 Barnes Ind. Park 
Huntsville AL 35801 (818) 700-0914 P.O. Box200 
(205) 881-9235 Marshall Industries Wallingford, CT 06492 

Quality Components 9710 DeSota Ave. (203) 265-3822 

4900 University Square 120 Chatsworth, CA 91311 
Huntsville, AL 35816 (818) 407-0101 Florida 
(205) 830-1881 Marshall Industries 
FAX: 205-837-3330 9674 Telestar Ave. All American 

El Monte, CA 91731 16251 NW 54th Ave. 

Arizona (818) 459-5500 Miami, FL 33014 

Future/Cetec Electronics 
(305) 621-8282 

Future/Cetec Electronics 1692 Browning Avenue Chip Supply 
4636 E. University Irvine, CA 92714 7725 N. Orange Blossom Trail 
Suite 245 (714) 250-4141 Orlando, FL 32810 
Phoenix, AZ. 85034 

Marshall Industries 
(305) 298-71 00 

(602) 968-7140 
One Morgan Future Electronics 

Marshall Industries Irvine, CA 92718 4900 M. Creekside Dr. 
9830 S. 51 st St. (714) 859-5050 Clearwater, FL 34620 
Suite B121 

Future/Cetec Electronics 
(813) 578-2770 

Phoenix, AZ. 85044 
3940 Ruffin Road, Unit E Future Electronics 

(602) 496-0290 San Diego, CA 92123 380 S. Northlake Blvd. 

(619) 278-5020 Suite 1048 

California Marshall Industries 
Altamonte Springs, FL 32701 

10105 Carroll Canyon Rd. 
(305) 767-8414 

All American Marshall Industries 
2908 Oregon Court, Unit 2-G San Diego, CA 92131 

2700 W. Cypress Creek Rd .. 
Torrance, CA 90503 (619) 578-9606 

Suite C106 
(213) 320-0240 Micro-Die Systems Ft. Lauderdale, FL 33309 
All American 

23860 Madison St. (305) 977-4880 
Torrance, CA 90505 

1590 Old Oakland Rd., Suite B-110 (213) 373-0687 Marshall Industries 
San Jose, CA 95131 380 S. Northlake Blvd. 
(408) 287-0190 

Colorado 
Suite 1024 

FAX: 408-287-7839 Altamonte Springs, FL 32701 
Future Electronics Future Electronics 

(305) 767-8585 
575 River Oaks Parkway 9046 Marshall Court Marshall Industries 
San Jose, CA 95134 Westminster, CO 80030 2840 Scherer Drive 
(408) 434-1114 (303) 650-0123 Suite 410 
FAX: 408-433-0822 FAX: 303-650-0937 St. Petersburg, FL 33702 
Marshall Industries Marshall Industries 

(813) 573-1399 
336 Los Coches St. 12351 North Grant Street Quality Components 
Milpitas, CA 95035 Thornton, CO 80241 15212 Race Track Rd. 
(408) 942-4600 (303) 451-8383 Tampa, FL 33626 
FAX: 408-262-1224 FAX: 303-457-2899 (813) 854-2614 
Marshall Industries FAX: 813-854-1446 
Sacramento Division Connecticut 3039 Kilgore Ave.1140 
Rancho Cordova, CA 95670 Future Electronics 
(916) 635-9700 24 Stony Hill Rd. 
FAX: 916-635-6044 Bethel, CT 06801 

(203) 743-9594 
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Georgia 

Future Electronics 
3000 Northwoods Pkwy. 
Suite 295 
Norcross, GA 30071 
(404) 441-7676 
Marshall Industries 
4350 J. International Blvd. 
Norcross, GA 30093 
(404) 923-5750 

Quality Components 
6145 Northbelt Parkway 
Suite B 
Norcross, GA 30071 
(404) 449-9508 
FAX:404-449-0257 

Illinois 

Advent Electronics 
711016 N. Lyndon St. 
Rosemont, IL 60018 
(312) 298-4210 

Future Electronics 
1000 E. State Parkway 
Unit B 
Schaumburg, IL 60195 
(312) 882-1255 

Marshall Industries 
1261 Wiley Rd. *IF 
Schaumburg, IL 60173 
(312) 490-0155 

Semiconductor Specialists 
195 W. Spangler Ave. 
Elmhurst Industrial Park 
Elmhurst, IL 60126 
(312) 279-1000 

Indiana 

Advent Electronics 
8446 Moller Rd. 
Indianapolis IN 46268 
(317) 872-4910 

Marshall Industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 

Iowa 

Advent Electronics 
682 58th Ave. St. S.W. 
Cedar Rapids, IA 52404 
(319) 363-0221 

United States Distributors (Cont.) 

Iowa (Cont.) 

Dee Electronics 
2500 16th Ave. S.W. 
Cedar Rapids, IA 52406 
(319) 365-7551 

Kansas 

Marshall Industries 
8321 Melrose Drive 
Lenaxa, KS 66214 
(913) 492-3121 

Maryland 

All American 
1136TaftSt. 
Rockville, MD 20805 
(301) 251-1205 
Future Electronics 
7165 Columbia Gateway Dr., Ste. G 
Columbia, MD 21046 
(301) 290-0600 

. (800) 638-1851 

Marshall Industries 
8445 Helgerman Ct. 
Gaithersburg, MD 22070 
(301) 622-1118 

Pyttronic Industries 
8220 Wellmoor Ct. 
Savage, MD 20763 
(301) 792-0780 

Massachusetts 

Future Electronics 
133 Flanders Rd. 
Westborough, MA 01580 
(508) 366-2400 

Marshall Industries 
33 Upton Dr. 
Wilmington, MA 01887 
(508) 658-0810 

North Star Electronics 
100 Research Dr. 
Wilmington, MA 01887 
(508) 657-5155 

Now Electronics 
85 Speen St. 
Framingham, MA 01701 
(508) 872-5876 
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Michigan 

Advent Electronics 
24713 Crestview Ct. 
Farmington Hill, Ml 48018 
(313) 477-1650 

Future Electronics 
35200 Schoolcraft Rd., Suite 106 
Livonia, Ml 48150 
(313) 261-5270 

Marshall Industries 
31067 Schoolcraft 
Livonia, Ml 48150 
(313) 525-5850 
Chelsea, Electroni Disti Group 
34443 Schoolcraft 
Livonia, Ml 48150 
(313) 525-1155 

Chelsea, Electroni Disti Group 
300 36th St, SE 
Grand Rapids, Ml 49508 
(616) 241-3483 

Minnesota 

All American 
8053 E. Bloomington Fwy., Suite 102 
Minneapolis, MN 55421 
(612) 884-2220 

Future Electronics 
10025 Valley View Rd., Suite 196 
Eden Praire, MN 55344 
(612) 944-2200 

Marshall Industries 
3800 Annapolis Lane 
Suite 460 
Plymouth, MN 55441 
(612) 559-2255 

Missouri 

Marshall Industries 
12774 Boenker 
Bridgeton, MO 63044 
(314) 291-4650 

Chelsea, Electroni Disti Group 
2555 Metro Blvd. 
Maryland Heights, MO 63043 
(314) 997-7709 



New Jersey 

Future Electronics 
122 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 227-4346 

Future Electronics 
520 Fellowship Rd. 
Suite A101 
Mt. Laurel, NJ 08054 
(609) 778-7600 
Marshall Industries 
158 Gaither Dr. 
Mt. Laurel, NJ 08054 
(609) 778-8720 
Marshall Industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882-0320 

New York 

All American 
711-2 Koehler Ave. 
Ronkonkoma, NY 11779 
(516) 981-3935 

Future Electronics 
7 453 Morgan Road 
Liverpool, NY 13090 
(315) 451-2371 

Future Electronics 
333 Metro Park 
1st Floor 
Rochester, NY 14623 
(716) 272-1120 

Marshall Industries 
275 Oser Ave. 
Hauppauge, LI, NY 11788 
(516) 273-1515 

Marshall Industries 
129 Brown St. 
Johnson City, NY 13790 
(607) 798-1611 

Marshall Industries 
1250 Scottsville Rd. 
Rochester, NY 14624 
(716) 235-7620 

Future Electronics 
801 Motor Parkway 
Hauppauge, NY 11788 
(516) 234-4000 

United States Distributors (Cont.) 

North Carolina 

Future Electronics 
4701 Hedgemore, Suite 812 
Charlotte, NC 28209 
(704) 529-5500 

Marshall Industries 
5221 North Boulevard 
Raleigh, NC 27604 
(919) 878-9882 

Quality Components 
3029-15 Stonybrook Dr. 
Raleigh, NC 27604 
(919) 876-7767 
FAX: 919-876-6964 

Ohio 

Marshall Industries 
3520 Park Center Drive 
Dayton, OH 45414 
(513) 898-4480 

Marshall Industries 
30700 Bainbridge Road 
Unit A 
Solon, OH 44139 
(216) 248-1788 
Marshall Industries 
212 S. State Street 
Westerville, OH 43081 
(614) 891-7580 
Ch!'!lsea, Elec. Dist. Group 
1360 Tomahawk 
Maumee, OH 43537 
(419) 893-0721 

Chelsea, Elec. Dist. Group 
10979 Reed Hartman Hwy. 
Suite 133 
Cincinnati, OH 45242 
(513) 793-2450 

Oklahoma 

Quality Components 
3158 S. 108th East Avenue 
Suite 274 
Tulsa, OK 74146 
(918) 664-8812 
FAX: 918-664-8515 
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Oregon 

Future/Cetec Electronics 
15236 N.W. Greenbrier Parkway, 
Phase 111A Bldg. A 
Beaverton, OR 97005 
(503) 645-9454 
FAX: 503-645-1559 

Marshall Industries 
8333 S.W. Cirrus Drive 
Beaverton, OR 97005 
(503) 644-5050 
FAX: 503-646-8256 

Pennsylvania 

Marshall Industries 
701 Alpha Drive #240 
Pittsburgh, PA 15238 
(412) 963-0441 

Pyttronic Industries 
P.O. Box433 
Stump Rd. 
Montgomeryvill, PA 18936 
(215) 643-2850 

Texas 

All American 
1819 Fireman Dr., Suite 127 
Richardson, TX 75081 
(800) 541-1435 
Future Electronics 
1900 Fireman Dr. 
Suite 150 
Richardson, TX 75081 
(214) 437-2437 

Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
(512) 837-1991 

Marshall Industries 
2045 Chenault 
Carrollton, TX 75006 
(214) 233-5200 
Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 
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Texas (Cont.) 
Marshall Industries 
2150 Trawood 
Suite B160 
El Paso, TX 79935 
(915) 593-0706 
Marshall Industries 
44 W. Jefferson, Suite C 
Brownsville, TX 78520 
(512) 542-4589 

Quality Components 
4257 Kellway Circle 
P.O. Box819 
Addison, TX 75001 
(214) 733-4300 
FAX: 214-250-0216 

Quality Components 
2120-M West Braker Lane 
Austin, TX 78758 
(512) 835-0220 
FAX: 512-339-9252 

Quality Components 
1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 240-2255 
FAX: 713-240-6988 

Utah 
Future Electronics 
2250 South Redwood Rd. 
Salt Lake City, UT 84119 
(801 ) 972-8489 
FAX: 8011972-3602 

Marshall Industries 
466 Lawndale Drive, Suite C 
Salt Lake, UT 84115 
(801 ) 485-1551 
FAX: 8011487-0936 

Washington 
Future Electronics 
4038-148th Ave N.E. 
Redmond, WA 98052 
(206) 881-8199 
FAX: 206/881-5232 

Marshall Industries 
11715 N. Creek Pwky S. 
Suite 112 
Bethel, WA 98011 
(206) 486-5747 
FAX: 2061486-6964 

United States Distributors (Cont.) 

Wisconsin 

Marshall Industries 
235 North Executive Drive #305 
Brookfield, WI 53005 
(414) 797-8400 

Taylor Electronic Co. 
1000 W. Donges Bay Rd. 
Mequon, WI 53092 
(414) 241-4321 
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Canadian Manufacturers Representatives 
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Alberta 

Hi-Tech Sales Limited 
#23 4040 Blackfoot Trail S.E 
Calgary, Alberta 
Canada T2G 4E6 
(403) 22B-1011 
FAX: 403/239-505B 

British Columbia 

Hi-Tech Sales Limited 
751 OB Kingsway 
Burnaby, B.C. 
Canada V3N 3C2 
(604) 524-2131 
FAX: 604/524-B1 BO 
Hi-Tech Sales Limited 
B523 1 32nd Street 
Surrey, British Columbia V3W 4NB 
(604) 596-1 BB6 
FAX: 604/596-5992 

Manitoba 

Hi-Tech Sales Limited 
#17 360 Key Watin St. 
Winnipeg, Manitoba 
Canada R2X 2Y3 
(204) 694-0000 
FAX (204) 694-0433 

Ontario 

Hi-Tech Sales Limited 
1640 Bonhill Road 
Unit #5 
Mississauga, Ontario 
Canada L5T 1 CB 
(416) 672-02B4 
FAX: 416/672-02B6 

Quebec 

Hi-Tech Sales Limited 
630 Andre Jobin 
lie Birzard, Quebec H9C 1 W7 
(514) 3B6-472B 
FAX: 514/626-1244 

Saskatchewan 

Hi-Tech Sales Limited 
413 Mullin Avenue E. 
Regina, Saskatchewan 
Canada S4N 1 CB 
(306) 757-4733 



Alberta 

Future Electronics 
3220 5th Ave. N.E. 
Calgary Alberta T2A 5N1 
(403) 235-5325 
Future Electronics 
5312 Calgary Trail 
Edmonton, Alberta T6H 4JB 
(403) 438-2858 

British Columbia 

Future Electronics 
1695 Boundary Rd. 
Vancouver, B.C. VSK 4x7 
(604) 294-1166 

Manitoba 
Future Electronics 
444 Sharon Bay 
Winnipeg, Manitoba R2G OH7 
(204) 339-0554 

Ontario 

Future Electronics 
Baxter Center 
1050 Baxter Rd. 
Ottawa, Ontario K2C 3P2 
(613) 820-8313 
Future Electronics 
82 St. Regis Cres. N. 
Dowsview, Ontario M3J 1 Z3 
(416) 638-4771 
Marshall Industries 
83 Galaxy Blvd., Unit #9 
Rexdale, Ontario M9W5R8 
(416) 674-2161 
FAX: (416) 674-2168 

Quebec 

Future Electronics 
237 Hymus Blvd. 
Pointe Claire, Quebec H9R 5C7 
(514) 694-7710 
Future Electronics 
1990 Boul. Charent 0. 
Suite 190 
St. Foy, Quebec G1 N 4KB 
(418) 682-5775 

Canadian Distributors 
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International Representatives and Distributors 

Argentina Denmark Germany (Cont.) 
TinkoSA E.V. Johanssen Elektronik A-S Neumuller GmbH 
Aisina 1633 Titangade 15 Eschenstr. 2 
1088 Buenos Aires DK-2200 Copenhagen N 8028 Taufkirchen 
Argentina Telephone: 01-83 90 22 Telephone: (089) 61208-0 
Telephone: 49-6060 Telex: 16522 TLX:522106 
TLX: 17825 SENIS AR Telefax: 01-83 92 22 Fax: (089) 61208248 

Weisbauer Electronik 
Australia Finland Heiliger Weg 1, 

4600 Dortmund 
Promark Electronics Pty Ltd. OY Fintronic AB Telephone: 0231-579547 
Sydney Office Melkonkatu 24A Telex: 822538 
Suite 102, 6-8 Clarke Street SF-00210 Helsinki 21 FAX: 0231-577514 
Crows Nest, NSW 2065 Telephone: 90-692 60 22 
Australia TLX:124224 Israel (Representative) Telephone: (02) 439 6571 Telefax: 90-67 48 86 
Telex: 20474 E.l.M. 
Fax: (02) 436 0863 France International Electronics Ltd. 
Melbourne Office: 8 Emil Zola Street 
Suite 3, 366 Whitehorse Rd. Tekelec Airtronic SA Petach Tiqva 49130 
Nunawading Victoria 3131 Cite des Bruyeres Telephone: 03-9233257 /8/9 
Australia Rue Carle Vernet Telex: 381144 
Telephone: (03) 878-1255 F-92310 Sevres Telefax: 03-922 48 57 
Telex: 35045 Telephone: 01-45 34 75 35 

TLX: 204552 Italy 
Brazil Telefax: 01-45 07 21 91 

Scientech SA Velco SAL 
Hitech Comerciale Industrial Ltd. 11, Av, Ferdinand Buisson Contra S. Francesco, 75 
Av. Eng. Luiz Carlos Berrini, 801 F-75016 Paris 1-36100 Vicenza, Italy 
Conjunto 111 /121 Telephone: 1-46 099136 TEL: 0444-92 29 22 
Brooklin FAX: 1-46 2179 92 TLX: 431075 Velco I 
Telephone: (011) 533-9566 TLX:260042 Telefax: 0444-92 23 38 
TLX: 391-53288 

Germany Japan 
Peoples Republic of China 

Adelco Elektronik GmbH Tomen Electronics Corp. 
Renful Technology LTD Boxholmstr. 5 1-1, Uchisaiwai-Cho 2-Chome 
Rm.1001, 10/F 2085 Quickborn Chiyoda-Ku, Tokyo 100 
Join-In Hang Sing Centre Telephone: 04106-2024 Telephone: 03-506-3694 
71-75 Container Port Rd., TLX:2180619 TLX:J23548 
Kwai Chung, NT, Hong Kong Fax: (04106) 3852 FAX: 03-341-3974 
Telephone: 0-268182 Emtron Tomen Electronics Corp. Telex: 30010 RENFL HX Electronic Vertriebs GmbH 
Fax: 0-4890989 Rudolf-Diesel-Str. 14 Osaka Sales Office 

6085 Nauheim 64 Kawaramachi 2-Chome 

Telephone: (06152) 61081 Higashi-Ku, 
Osaka541 TLX:4191127 Telephone: 06-208-3636 Fax: (06152) 69347 Telex: J63245 

Semitron W. Rock GmbH FAX: 06-208-3640 
Im Gut 1 
7897 Kussaberg 6 
Telephone: (07742) 7011 
TLX:7921472 
Telefax: (07742) 6901 

llll 
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International Representatives and Distributors (cont.) 

Japan (Cont.) Singapore Turkey 

Sil-Walker Inc. Scan Electronics (S'pore) Pie Ltd EmpaA/S 
Head Office 50 Kallang Bahru 1*04-01-/03 Refik Saydam Cad No. 89 
1-1, Shinjuku 5-Chome Kallang Basin Industrial Estate Kat5 
Shinjuku-Ku, Tokyo 160 Singapore 1233 Sishane-lstanbul 
Telephone: 03-341-3651 Telephone: 65-294-2112 Telephone: 01-143 6212/13 
TLX: 0232-3398 TLX: RS24983 STECH Telex: 25533 
FAX: 03-341-397 4 FAX: 65-296-1685 

Sil-Walker Inc. United Kingdom 
Osaka Office Spain 
3-6-20 Kigawa Higashi Macro Marketing Ltd. 
Vodogawamku, Osaka 532 Amitron S.A. Burnham Lane 
Telephone: 06-303-4102 Avenida Valladolid, 47-A Slough, Berks. SL 1 6LN 

E-28008 Madrid Telephone: 06286-4422 

Korea 
Telephone: 01-2479313 TLX:847945 
TLX:45550 FAX: 06286-66873 

Vine-Overseas Trading Corp. Telefax: 01-248 79 58 Phoenix Electronics 
Rm. 305/306, Korea Electric Phoenix House 
Association Bldg., Sweden Bothwell Road, 
11-4,Supyo-Dong,Jung-Ku Castle hill, 
Seoul Teledyne Semiconductor Carluke, ML8 5UF 
Telephone: Abraham Lincoln Street 38-42 Telephone: 0555-51562 
266-1663/265-9875/265-3892 D-6200 Wiesbaden TLX:777404 
TLX:K24154 West Germany Lucas Semicomps Ltd., 
FAX: 2-272-7807 6121-768-0 Halifax Road, 

TWX:4186134 Keighley, 

Netherlands 
Telefax: 6121-76 81 55 West Yorkshire BD21 5HR 
Bexab Technology Telephone: 0535-667921 

Alcorn Electronics bv Kemistvagen 10, TLX:517343 
Esse Baan 1 S-18325 Taby FAX: 0535-606690 
NL-2908 W Capelle a/d IJssel Telephone: 46 87328980 Semiconductor Supplies Ltd. 
Telephone: 010-4519 533 Telex: 13888 Dawson House, 
TLX:26160 Fax: 46 87327058 128/130 Carshalton Road, 
Telefax: 010-45 86 482 Sutton, Surrey SM1 4RS 

Switzerland Telephone 01 643-1126 
TLX:946650 New Zealand 

ENAAG FAX: 01-643-3937 
Actronic Systems LTD. CH-8917 Oberlunkhofen Trident Microsystems LTD 
8 Eden St., NewMarket Telephone: 057-34 28 34 55 Ormside Way, 
P.O. Box 9341 Telex: 827986 Holmethorpe Industrial Estate, 
Auckland, New Zealand Telefax: 057-3414 43 Redhill, Surrey, RH1 1 LS 
Telephone: 09-549578/548819 Omni Ray AG Telephone: 0737-765900 
Telex: NZ63044 ACTSYS lndustriestr. 31 TLX:8953230 
FAX: 09-547623 CH-8305 Dietlikon FAX: 0737-771008 

Telephone: 01-8352111 

South Africa TLX:827336 Polar Electronics Ltd. 

Telefax: 01-833 50 81 Cherrycourt Way 

Fairmont Electronics (Ply) Ltd. Leighton Buzzard 

4/F. 312 Kent Avenue Taiwan 
Bedfordshire 

Ferndale w10vv 
Randburg 2194, South Africa Timkuo Taiwan Ltd. 

Telephone: 0525 377093 

Telephone: 011-789-1230/ 4 8F-2, 157 Fu Hsing S. Road 
Fax: 0525 378367 

TLX: 424842 FMT SA Sec. 2, Taipei 
Telex: 825238 

FAX: 011-886-2929 Telephone: 02-709-2246 
TLX: 26206 TIMKUO 
FAX: 02-709-2247 
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Mexican Distributors 

CD. Juarez 

Di cope I 
Av lnsurgentes 1753-202 
CP 32000 Cd. Juarez Chihuahua 
Tel. 4-55-40 

Guadalajara 

Dicopel 
Federalismo 268-A 1 er. piso 
Sector Juarez Guadalajara, Jal 
Tel. 26-12-32 
Telex. 681663 Dicome 

Merida 

Dicopel 
Calle 64 No. 480-7 
por la 57 
Centro 
C.P. 9700 
Merida Yucatan 
Tel. 3-71-04 
Telex 753818 Tpmdme 

Mexico City 

Di cope I 
Tochtti 368 Fracc. I San Antonio 
AZCAPOTZALCO C.P. 02760 
Tels. 561-32-11 Con 1 O Lineas 
Telex. 1773790 Dicome 

Monterey 

Dicopel 
Edificio Latino desp 2105 
J. Ignacio Ramon 506 Otc. 
Monterey, N.L. 
Tel. 42-95-30 
Telex. 382104 Dicome 

Tijuana 

Dicopel 
Av Revolucion 1232-503 
Zona Centro, ente la Ba y 9a 
C.P.22000 
Tijuana, B.C. 

Mexican Manufacturers Representatives 

California 

SSB Electronics Inc. 
675 Palomar St Bldg 4 Suite A 
Chula Vista, CA 
(619) 585-3253 

Chip Distributors 

Florida 

Chip Supply 
7725 N. Orange Blossom Trail 
Orlando, Fl 3281 O 
(305) 298-7100 
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Notes 

ENGINEER:------------------------ DEPT:----

PROJECT: DATE: -----
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