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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. Anoverview of this programis 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
programis 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 Groupis 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 designteam 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 hasthe 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 Programfor 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 along 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 SPCtoolsin anongoing effortto improve product reliability.
TSC will continue to be one of the leaders among US semicon-
ductor manufacturers in the use of SPC.
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PRODUCT ASSURANCE PROGRAM

Electro Static Discharge Awareness is increasing among the semiconductor indus-

(ESD) 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 goalis 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 *2000V 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 programthat 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.

Operating Life Testing Teledyne Semiconductor conducts an ongoing program to

and Predictions 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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PRODUCT ASSURANCE PROGRAM

STANDARD
HERMETIC PRODUCT
CERDIP OR CERAMIC

PROCESS FLOWS

883
PER MIL-STD-883
REV. C, CLASS B
SCREENING PER METHOD 5004
(‘COMPLIANT NON-JAN’)

902
(Available for HINIL ONLY)
(‘Non-Compliant-Non-Jan’)

Traceability to Wafer Fab —|

Traceability to Wafer Fab

—

Internal Visual
Method 2010, Condition B

Internal Visual
Method 2010, Condition B4

Internal Visual
Method 2010, Condition B

I

Stabilization Bake
Method 1008, Condition C

Temperature Cycle
Method 1010, Condition C

Temperature Cycle
Method 1010, Condition C

1

Temperature Cycle
Method 1010, Condition C

Constant Acceleration
Method 2001, Condition E

Constant Acceleration
Method 2001, Condition E

-

Constant Acceleration
Method 2001, Condition E

Hermeticity
Fine & Gross, Method 1014

Hermeticity
Fine & Gross, Method 1014

[

Initial (Pre-Burn-In) Electrical
per Applicable Device Specification

Initial (Pre-Burn-In) Electrical
per Applicable Device Specification

Burn-In Test
Method 1015, Condition A, B or C

Burn-In Test
Method 1015, Condition A, B or C

Interium (Post-Burn-In) Electrical
per Applicable Device Specification

(Percent Defective (PDA) 5%, unless
Otherwise Specified)

Interium (Post-Burn-In) Electrical
per Applicable Device Specification
25C
(Percent Defective (PDA) 10%, unless
Otherwise Specified)

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

Final Electrical
per Applicable Device Specification
DC @ Max. Operating Temperature
DC @ Min. Operating Temperature
Switching @ 25 C

Final Electrical
per Applicable Device Specification
DC @ Max. Operating Temperature
DC @ Min. Operating Temperature
Switching @ 25 C

[

Switching @ 25 C
I

Quality Conformance Inspection
Method 5005, Group A: Table |,
Each Lot
per Applicable Device Specification
Group B = Each Date Code

Group C = 12 Months

Device Marking
PatNo  «c(shows Compliance)
Teledyne Logo  ~ Country of Origin
ESD Designator (U-USA, H-Hong Kong)

Device Marking
Teledyne Logo
ESD Designator
(Device Type) 902
Date Code

Date Code
|

Hermeticity
Fine & Gross, Method 1014

Group D = 12 Months
I

External Visual
Method 2009

Device Marketing
Teledyne Logo
ESD Designator

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 Months
Group D = 12 Months

-

External Visual

Quality Conformance Inspection
per Applicable Device Specification

-

External Visual
Method 2009
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PRODUCT ASSURANCE PROGRAM

Integrated Circuit Screening

PLASTIC PACKAGE

STANDARD

[

HI REL

*Pre Cap Visual 1

l

[

*Pre Cap Visual 2

Stabilization Bake
Temp = 150°C
Time = 48 hrs

[

Stabilization Bake
Temp = 150°C
Time = 96 hrs

Sample
Temperature Cycling
10 Cycles
-65°C to +150°C
LTPD

Sample
Temperature Cycling
10 Cycles
-65°C to +150°C
10% LTPD

Pressure Cooker
Test
4 Hours, 2 ATMOS
10% LTPD

Pressure Cooker
Test
4 Hours, 2 ATMOS
10% LTPD

Electrical Test

Electrical Test

Burn in 160 HRS.
AT 125°C

Electrical Test

QA Acceptance Tests

QA Acceptance Tests

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

Quality Control

Quality Assurance

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 onthe
samples: Visual/Mechanical, Parametric, and Functional. The
sampling is based on a plan equivalent to a 0.07 AQL with a
0.5% AOQL. (All TSC sample plans are in accordance with
MIL-M-38510 appendix B or MIL-HDB-105D.) 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.



QUALITY & RELIABILITY

Quality Conformance

Table 1 Plastic

Apart of the TSC Quality Reliability programis 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. Alltests 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.

Mil-Std/Test _
Test Condition Sample Size Quantity In Quantity Out
Physical Dimension  883/2010 S$/5=15 15 15
Salt Atmosphere 883/1009/A S/8 =15 15 15
Solderability 883/2003 Si5=22 15 15
Pressure Cooker 96 Hours 5/5=45 15 15
85/85°C RH (Bias)  1.0K Hours S/S =45 . -
Steady State Life TA = 125°C 8/8=45 45 ' 45
t = 1000 Hours )

Storage TS = 150°C S/S =45 45 45
t = 1000 Hours

Thermal Shock -55°C to +125°C S/8=15 15 15
200 cycle

Temperature Cycle ~ -65°C to +150°C $/5=15 15 15
1000 cycle
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QUALITY & RELIABILITY

Summary Plastics

Port | Data C Power C Port A Total
Physical Dimensions /45 0/60 0/30 0/15 0/150
Salt Athmosphere 0/45 0/60 0/30 0/15 0/150
Solderability 0/66 0/88 0/44 0/22 0/220
Pressure Cooker - - 0/45 - 0/4320
Storage 0/35 0/180 0/90 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 0/60 6/30 - 0/15 6/30000
Table 2 CerDIP

Conformance Tests Method Test Condition LTPD

GROUP B
SUBGROUP 2
Resistance to Solvents 2015 - 4 Devices
SUBGROUP 3
Solderability 2022 or 2003 - 15
SUBGROUP 5
Bond Strength 2011 Test Condition C or D 15
GROUPC
SUBGROUP 1
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
GROUPD
SUBGROUP 1 15
Physical Dimensions 2016 -
SUBGROUP 2 15
Lead Integrity 2004 Test Condition B2
Seal 1014
Fine
Gross
SUBGROUP 3 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
SUBGROUP 4 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
SUBGROUP 5 15
Salt Atmosphere 1009 Test Condition A
Seal 1014
Fine
Gross
Visual Examination 1009
SUBGROUP 6
Internal Water-Vapor Content 1018 5,000 PPM-CerDIP only 3 Devices
SUBGROUP 7 15
Adhesion of Lead Finish 2025
SUBGROUP 8
Lid Torque 2024 5 Devices




QUALITY & RELIABILITY

Operating Life Predictions - CerDIP

Total

Product Device Predicted Falilure Predicted Fallure
Life Hours @ Rate @ 125°C Rate @ 25°C
125°C Rejection 90% Conf. 60% Conf. 90% Conf.  60% Conf.

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 35FIT 13 FIT
HINIL 315000 0 .0000072 .0000027 140 FIT 56 FIT

Operating Life Predictions - Plastic

Total

Predicted Failure Predicted Fallure

Produst ore o 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 (o] .00005 .00002 20 FIT 5FIT
8704 CJ 45000 0 .00005 .00002 20 FIT 5FIT
14433 CJ 45000 0 .00005 .00002 20 FIT 5FIT
9400 CJ 45000 0 .00005 .00002 20 FIT 5FIT
Total 180000 0 .000013 .000005 5FIT 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 9FIT
Precision Analog
900 45000 0 .00005 .00002 20 FIT 5FIT
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QUALITY & RELIABILITY

Summary Data - Package Groups

“ Port Data Power Precision Hi

Test Method Condition LTPD Inst Conv Contrl Analog Nil Total
GROUP D
SUBGROUP 1 . 15
Physical Dimensions 2016
Total 0/45 0/30 0/77. 0/15 0/30 0/197
SUBGROUP 2 15
Lead Integrity 2004 B2
Fine/Gross Leak 1014 : :
Total 0/45 0/30 0/90 0/15 0/30 0/210
SUBGROUP 3 15
Thermal Shock 1011 B 15 Cycles
Temperature Cycle 1010 C 100 Cycles
Moisture Resistance 1004
Fine/Gross Leak 1014
Visual Examination 1004/1010

Electrical Endpoints
Total 0/30 0/30 0/90 0/15 0/30 0/195

SUBGROUP 4 ) ) 15
Mechanical Shock 2002 B

Vibration Var. Frequency 2007 A

Constant Acceleration 2001 E Y1only
Fine/Gross Leak 1014

Visual Examination 1004/1010
Electrical Endpoints :
Total 0/45 0/30 0/90 0/15 0/30 0/210

SUBGROUP 5 15
Salt Atmosphere 1009 A

Fine/Gross Leak

Visual Examination 1009 Vis. Criteria

Total 0/45 0/30 0/90 0/15 0/30 0/210

SUBGROUP 6 5/1 or 3/0
Internal Water-Vapor 1018 5000ppm

Total 111  2/5 0/14 0/3 0/6 3/39
SUBGROUP 7 15

Adhesion of Lead Finish 2025 :
Total 0/45 0/30 0/79 0/15 0/30 0/199

SUBGROUP 8 5/0
Lid Torque 2024 Glass Frit
Seal Only

Total 0/5 0/5 015 515 0/5 5/45
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Summary Data - Die Groups

Port Data Power Precision Hi

Test Method Condition LTPD Inst Conv Contrl Analog Nil CMOS Total
GROUP C
SUBGROUP 1 1005 TA=125°C 5
Steady State # Hours =
Life Test 1000 (or
equivalent)

Electrical Endpoints
Total 0/90 0/100 0/315 0/315 0/315 0/45 0/1215

SUBGROUP 2 15
Temperature Cycling 1010 C
Constant Acceleration 2001 E Y1 only

Fine Leak 1014

Gross Leak 1014

Visual Examination 1010/
1011

Electrical Endpoints
Total 0/60 0/60 0/105 0/105 0/105 0/15 0/435




QUALITY & RELIABILITY

Stress Testing Under
Elevated Temperature

Device reliability is often measured by failure rate under
hightemperature operating condition. Fromthe 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:

R(T) = exp E/k (?r-JT- )
2 1

E = Activation energy (eV)

k = Boltzman's constant (8.63 X 10-5 eV/°k)
T, = Test temperature (Kelvin)

T2 = 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

Operating Life Testing Figure 2. illustrates expected failure rate per 1000 hours of

& Predictions operating time over a temperature range from 25°C to 175°C.
This graph is for TSC CMOS integrated circuits. The datawas
derived from results of Dynamic high temperature stress test-
ing at 125°C and 150°C.

Temperature and Humidity A major indicator of the reliability of plastic encapsulated
devices (commercial class) is the ability to withstand tempera-
ture and humidity combined. Elevatedtemperature 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.

EXPECTED FAILURE RATE
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10 y -

L aa
< 8.8% Va
2 4 \:/
g >
I
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7
o /
=) 01
| 7
= /f
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7
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OPERATING TEMPERATURE (°C)

Figure 2.
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FAILURES (%)

85/85 CUMULATIVE FAILURES
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Figure 3.

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

3000

MOLDING COMPOUND MEAN TIME BETWEEN FAILURES

COMPAUND A 18000 HOURS

COMPOUND B 62000 HOURS

COMPOUND C 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 COMMENTS

No Identification Production Delivery Subject to Product

Demand.

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

Data Sheet Gives Design Goal,
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.

Preliminary Initial Production

Advance Product
Information

In Design

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 / XXX

1.
2.
3.

. OPERATING TEMPERATURE RANGE

TELEDYNE SEMICONDUCTOR DEVICE
DEVICE NUMBER

ELECTRICAL PERFORMANCE GRADE OPTION (if applicable)
R — Reversed Pin Layout

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) O — 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) Y — Dice

6. NUMBER OF PACKAGE PINS

V — 8 Pin Metal Can

A —8 N —18 Y — 8(pin 4 connected to case)
D,F—14 G —24 Q — 60
E —16 I — 28 W — 44
L — 40 S — 68
M —2 P — 20
V — 8 (pin 8 connected to case)
7. PROCESSING OPTION

883 — MIL-STD-883C, Class B Processing
Bl — 100% Burn-In at 125°C for 160 Hours
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Ordering Information

DIGITAL LOGIC — 300 SERIES

PACKAGED DEVICES TSC XXX X X

1. TELEDYNE SEMICONDUCTOR DEVICE
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. PACKAGE TYPE
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 TSC 14433 Family
are as Follows:

PACKAGED DEVICES TSC XXXXX

X X
1. TELEDYNE SEMICONDUCTOR DEVICE I J

-
n
]

2. DEVICE NUMBER

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. PACKAGE TYPE
J — Plastic Package
N — Ceramic Package
L — CerDIP
Y — Dice
E — Metal Can (TO-99)
M — Metal Can (TO—-18)

EXAMPLE: TSC8701CL Operates Over the Commercial Temperature Range and is a CerDIP 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

Package 1
150 (3.81) |ﬁgo7o) TO-18 (2-Pin)
115 (2.92) MIN.
.030
—> [*—(0.76) .048 (1.22)
MAX. 028 (0.71)
T ) ——
.230 (5.84) .195 (4.95) .100
.209 (5.31) .178 (4.52) l (2.54) 048 (117
em—{ v R— — el
l — \<.036 {0.91)
019 (0.48) />\
016 (0.4m) '~ B\
45°
BOTTOM VIEW
210 (5.33) Package 2
770 @.32) TO-92 (2-Pin)
500
(12.70)
MIN.
§ O3
205 (5.21) 105 (2.67)
175 (4.45) 095 (2.41)
¥ = o1
019 (048) |\ | .105 (2.67)
1016 (0.41) " :080 (2.03)
-165 (4.19)
125 (3.18)
BOTTOM VIEW
Package 3
0.185 (4.70) -
0.165 (4.19) TO-99 (8-Pin)
< 5 |«-0.500_5
(12.70)
0.335 (8.51) MIN
0.305 (7.75) < 0.040 0.100 (2.54) =~ 0.045 (1.140)
l (1.02) 0.029 (.737)
—V MAX l
0.370 (9.40) T
0.335(851) 0.200 (5.08)

1 L 8 LEADS

0.040 (1.02) —»| |«— 0.019 (483) DI
INSULATOR 0.016 (408)
MAX

A



PACKAGE INFORMATION

Package 4 e 3 2 1
8-Pin Plastic DIP o O o
®
| B
5 6 7 8
.280(7.11)
.400 (10.16)
"‘ 370 (9.40) | o 220 (559)
MAX.
0.20
SEATING _[,(v,a,ﬁ"
PLANE —
.100 (2.54) .310 (7.87)
MIN. .290 (7.37)
.070 (1 78) 110 (2.79)
.015 (0.38)
030 |L 090 (2.29) J -008 (0.20)
1020 (0.51)
.016 (0.41)
Package 5

8-Pin CerDIP r*?ﬁ ]

< 025 R
.245 NOMINAL

L .325

MAX.
085 OVERALL
.200 > 045
MAX.
020

SEATING
PLANE
011
1 w
125 .045 K
MIN. [<—.015 "—rﬁ&_"
.020
s;s .016
Tve 057
STANDOFF
WIDTH
Package 6
. L ) L )
14-Pin Plastic DIP °
.310(7.874) _,
C .280 (7.112)
e
.235 (5.969) |
.215 (5.461)
{———.770 (19.558) MAX ——>|
.160 MAX
(4.064)
.060 (1.524)
015 (0.381) %
B K'\z‘/

.160 (4.064) .015 (0.381)
L -100 (2.540) .008 (0.2032)

110(2798) 060 (1.524 023 (.5842) ey

2.286 .045 (1.143) .015 (.3810)
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PACKAGE INFORMATION

.785

!
750 ‘

;(7\{\

8

-

AN AN
{ .025 R
(= nom

vmyvvv@

.065
.045

310
290

.015

.200
MAX

SEATING __{ "
PLANE

165"
100 110
1090

TYP

MIN

’. 020
037 [ 1o
027

STANDOFF |« -095
WITH 065

01
009 ™"

.375
NOM

Package 7
14-Pin CerDIP

880

750

275
235

‘LQ

AANANANAANA

030
’ 070

[ MAX —>
OVERALL

‘ 325 ‘

020

200

MAX

125 ’

MmN | 110 ﬁ‘,‘«
090 023

008
015
400
’ MAX

)
_T_

Package 8
16-Pin Plastic DIP

785 l

750 l

Package 9
16-Pin CerDIP

025 R
271 —
245 NOwm
l 9 16
325
L_ 065 MAX —>
—’l 045 OVERALL
200 | 020
MAX
) SEATING
f PLANE o11_,)
045 009
125 [110 037° —|| |«—015 400 I
MIN_, | 090 — 027 —»||«— 020 mMAX
TYP STANDOFF 016

WIDTH
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PACKAGE INFORMATION

Package 10
18-Pin Plastic DIP

AYANANAYANAYAYAYA
[
0.26 (6.61)
0.24{(6.10)
\VAVAVEVAVEVAVEAVAV)
0.91(23.12) 0.306 (7.78)
l 0.89 (22.61) ‘“I 0.294 (7.47) |"" J
0.14 (3.56)
°'8Mk*x58’ l 0.12 (3.05)
0.75 (4.45) 1
| 0.12 (3,05) —| N5
— | _.l |._ T 0012 (0.305)
0.065 (1.66) 0.02(0.508)  0.105 (2.67) 0008 (0.203)
0.045 (1.15) 0.015(0.381)  0.095 (2.42) ‘
Package 11 o TN s T e T e B e S e B v B e B e
18-Pin Ceramic DIP ®
0.3(7.62)
0.28 (7.12)
d b ld bd Wed WL L T l
0.91(23.12) ,|
089 (22.61) l
l I 1 0.12 (3.05)
0.17 (4.32) 0.06 (1.53)
MAX 1 1
0.175 (4.45)
0.012 (0.305)
T 'l l 0.125 (3.18) —|J= 0008 (0.203)
— —ll ] | l 0306(778)'
0.06 (1.53) 0.02(0.508)  0.105 (2.67) - .
0.045 (1.15) 0.015 (0.381)  0.095 (2.42) 0.234 (7.47)
Package 12 r PIN1
24-Pin Plastic DIP AANANNNANANANN A
555
< 545
AYAYAVAVAVAVAVAVAVAVAV AV
1.255
1240 ~ 045

ER

ﬂ;:,,_?g.l - L
015
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PACKAGE INFORMATION

T—
1.66 (.065)

1.15 (.045)

Iv |l 508(020) __ | 2.é7 (.105)

24 13 Package 13
nonnonnnnoaon 24-Pin Ceramic DIP
) 610
520
g—u-u-m-n-u-n-u-u-d—l
1 12
1.290 MAX.
520 075 520
.150 MIN. MAX. l 015 7). 225 MAX. MAX.
T
- o5 Hl
‘ L B 008
ol e s &
Ty
sinsiniciniolisinisleEsle! Pac'(age14
¢ 24-Pin CerDIP
q
Y
0500
————————— 1.290 MAX ———»| 0.210
TT
-
1
0.015 _+|\=
0.008
PANVANVANVANFANY ANV AW AN ANVANYANWANFANYAN Package 15
28-Pin Plastic DIP
> 13.97 (.550)
13.47 (.530)
L]
NYAYAYAYAYAVAVYAVAVAVAVAVAVAY
‘ 36.83 (1.450) 15.40 (. 606)
| 36.58 (1.440) ' ‘ 15.00 (594) | ‘
08 2,07 (.160)
(.200) J 3.56 ( 3.56 (.140)
M /. .305 (.012)
4.45 (.175) .203 (.008)
3.05 (.120) —

"381(.015) 2.42 (.095)
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PACKAGE INFORMATION

Package 16
28-Pin Ceramic DIP e R
15.19 (.598)
14.43 (.568)
.l_lquu-—jl;lk:ulmuuul_l
'_ 35.92 (1.414)____J
‘ ’ 35.06 (1.380)
I ——1,3% (060 [ |
1.53 (.120! 4.32 (.170)
} MAX l - | +
305 (.012) il 4.45 (.175)
{2 ol 3.18 (.125)
n 7203 (.008)
| ~___15.40 (.606) | 1 es ( 065) 508 (.020) 2.67 (.105)
! 14.74 (580) -~ 381(.015) — I‘242 (:095
Package 17
40-Pin Plastic DIP 2.050(51.816) —————
o T T s T Ve T T Ve T T T T Ve T T |
o t
RN 0.540 (13.716
Q) ¢ Now 0
O { S | S ) D O W | O | ) S | | S | S| ) || ) - ‘
160 025
1060 (1.542) TYP.
= |=""+.002 (0.051) (4.064) (0.635)
_ __t 012 £ .001
5° (0.305 + 0.025)
’I | 100 TYP. TYP.
-~ -—| | 125 (347) 0660
(2.54)
070  .018 (o 457) MIN. (1'3 156(4)
(1.778)  .020 (0.508)
TYP. TYP.
Package 18 2.020 (51.308)
40-Pin Ceramic DIP l‘———— MAX. ————-—l
— AL 11 .
0.540 (13.7)
NOM:
L | SND ) GED § W ) R D ) G | SED ) SRR | G ) SR W ) ) e {
0.520 (13.208)
SQUARE 0.165 (4.191) 020 (0.508)  0.006 (0.152)
0.050 (1.27) X. o ’ ) )
e, - 0.060 (1524)  0.012 (0.305)

I

0.050 + 0.010 0.018 + 0.002 0.100 = 0.010
(2.54 + .254)

(1.27 + .254) (0.457 + 0.051)
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L0000 .000ono
.

|mpEpEE-j oo 0.140

(4.572)
<— 1.290 (32.766) MAX —» 3.556)

Package 19
28-Pin CerDIP

0.625 (15.875)

0.180 |=g590 (14.986) |

0.550 (13.970)
0.510 (12.964)

0.090 (2.286) 0.030 (0.762) 0.015 (0.381)

|—

0.015 (0.381)
0.008 (0.203)

>

0.700 (17.780)

0.630 (16.002)

0.180 MAX.
[ 0.140 MIN.

1 40
g
0.100
—
.08
0.020 4t
T ¥
0015 0.0
y
Iy

Al i
0.090 MIN.. ’]‘0,200 MAX. |e— 0.480
0.015 MIN. L. BEND |«— 610

590

=N
x8

”»

&

3

Nonnnnnonnononnnon

8

15°MAX.\/ L .)‘“‘1
0.008

Package 20
40-Pin CerDIP

.054 +.004

Package 21
60-Pin Flat Package
Formed Leads

.047 +.004

A

4
.00T75 th .102+.012 }<~

L.050 + .006

.010 MIN

4-11



PACKAGE INFORMATION

Package 22
60-Pin Flat Package
Unformed Leads

I

A

-

PIN 1 INDICATION
DIMPLE OR BUTTON

Package 23

3 M( 3) 500
TO-18 (3-Pin) 170 (4.32) (12.70)
MIN.
.030
—| |«—(0.76)
MAX.
-
T f Do T——
z_ (5 .34) 1195 (4.95)
209 (5.31) .178 (4.52) — |
l | sems— Y v— h—
) -J
3 LEADS
.019 (0.48)
.06 (0.41)
BOTTOM VIEW
Package 24 210 (5.33)
TO-92 (3-Pin) 170 (3.32)
500
iz s
MIN : :
F——r—— J———l———
205 (5.21) 105 (2.67)
175 (4.45) —— .095 (2.41)‘?—‘
3 LEADS
019 (0.48) pa. — 38 gg;;
016 (0.47) :
.165 (4.19)
125 (3.18)
BOTTOM VIEW
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Package 25
8-Pin Plastic “SO”

HAEHH—-
5.2 (0.205)
T4.6(0.181)
4.0 (0.158) | 6.2 (0.244)
3.8(0.150) | 5.8 (0.228)

HE U

0.78 (0.031)
60 019 0.61(0.024) 45°
. 5.0(0.197) | 0.37 (0.015) 7° (4 PLCS)
4800189 l e oy TALS sz
f \__ 1.75 (0.069)
1 | 11.35 (0.053)} J
= L=
w_.‘_l__ 1.27 (0.50) bt \./L 3030
0.49 (0.019) BSC 0.22 (0.009) 7 @rLcy ©°
0.45 (0.018) | 0.20 (0.008) 0.19 (0.007)
0.35 (0.014) 0.10 (0.004)
Package 26
14-Pin Plastic “SO”
HHHHHHA—-7
5.2 (0.205)
2.6(0.181)
0.244)
. : 5.8 (0.228)
0.78 (0.031)
0
8.75 (0.344) 0.61(0.024) 45" 7 (apLcs)
e Yk B— 0.37 (0.015)
> A
~—\" 1.75 (0.069) |
4 135000531 § Jf e
056 (0.022) | f F \_/I/ ;
0.45(0.018) 1.27 (0.050) F-_6°
BSC 0.20 (0.008) 0.22 (0.009) 7 (@ pLCS)
0.45 (0.018) 0.10(0.004) 0.19 (0.007)
0.35 (0.012)
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PACKAGE INFORMATION

Package 27 ToPviEw
. - - - 0.050 TYP
68-Pin Plastic Chip Carrier e -4of (=] [ NoN-AccUm 0094
(PLCC) hennmahmanonann | .
f 0y
d W hT
E g fe———0.104 ——
s 1
g p
g b ] |
0952 g p 0.028 0.018
.990 g
S | : q{‘j‘ T
9 0.062 0.030
E 4 " rve Tvp 7l
q D
g D
b
T OO O TS e R e {0015
0052 04015—#
0990 £0005 N
BOTTOM VIEW SIDE VIEW
0.045
0175 TYP [ PR j'q_":ﬂ g.;::
T 0.045
-]
0.062 DIA
i C \ O X0.020 DEEP ;
P =1
DETAIL A L
L
L 0810
L 10015
L
o
S
3
N
O :
-]
==, 10.020
0.126 DIA X 0.005 DEEP o,uu-‘)—-l E"'N
4 PLCS (EJECTOR PIN) —= 0.172
Package 2!
_ag 8 . ) A TOP VIEW
44-Pin Plastic Chip Carrier 0050 TYP
(PLCC) 0045 po 1= |—NON-ACCUM  0.094
l_‘[u:\nnrhnnnn_n DETAIL A
d
f g G gT 0.108
a D
h
0890 o1s g =1 |
+0.005 4—t——h 0.018
[: b
g b
q D
d i]
i {
OO T T T 0.015
0.015 T
0.6652
le———— 0.690 +£0.005
SIDE VIEW
BOTTOM VIEW c
) 0.045 0,035 R
0.137 TYP [~ j‘_’1_ =1 [~ +0.010
0.045

414

0.125 DIA X 0.005 DEEP
4PLCS (EJECTOR PIN)

0.062 DIA
x 0.020 DEEP
DETAIL A
0.610
+0.015

=]

e 0.020 MIN
0.104
0.172




PACKAGE INFORMATION

TOP VIEW Package 29
0.050 TYP 28-Pin Plastic Chip Carrier
NON-ACCUM DETAIL A (PLCC)
0.045 '__/ 0.085
0.045 \
: 7- tr oon 0.104
d @ h
'g i bt T — ||
+%‘;%‘; 0.452 f—-—+ =8 0.028 | 0.018
- g 9]
d h
T e o ey 0.015
0.452
le— 0.490+0.005 —,
SIDE VIEW
BOTTOM VIEW 0.035 R
j:l_l‘:'l [+oo10
0.045
0.062 DIA
X
0.020 DEEP 0410
+0.015
DETAIL A
=] |+—0.020 MIN
0.188 DIA X 0.005 DEEP 0.104
(EJECTOR PIN) 0172
Package 30

.543 + .008

= .006
(0. 15 3 005) TYP

.543 + .008
(13.8 £ 0.2)

e .394 + 008
(100 £ 0.2) >

g

.031 =

—
—

(13.8' £ 0.2)

.543 + .008
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PACKAGE INFORMATION

Package 31
16-Pin “SO” Wide

HHHHHHIEIF(rPIN1

]
.25‘)2(7390)
.299 (7.959)
JH i H H HEH
016(041)
.029 (.762) .005 RAD MAX TYP
[ER + T
1 i
008 LU L -
O 0403(1026) -~ sEATING 5°TYP L ;400(10.26 _.J

0.413 (10.490) PLANE 410(104

(Package 32)
20-Pin "SO" Wide
AHRAHAHAAAA ? x
=i
«0%:3
EEHEHEEHEH v
el e
014 (0.36)

104 (254) E o010 (025)
097 (2 46)
0115 (0.29)

0055 (0.14)
rl‘—’ 511 (12.98) —-——’I

504 (12.80) g“’g 'y ﬁ;
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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

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 TSC7211AMIPL

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 Reterence 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 TSC7211AMIPL

ICM7212A1JL TSC7212Al1JL TSC700AIJL is a Higher LED Current Upgrade for “Brighter” Displays
ICM7212AIPL TSC7212AIPL TSC700AIJL 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 Roli-Over Spec.

MC14433P TSC14433CJ TSC14433ACJ Offers Guaranteed Roll-Over Spec.

MMHO0026CP1 TSC426CPA Pin Compatible, Functional Upgrade

MMHO0026CU TSC4261JA Pin Compatible, Functional Upgrade

MP5531C TSC9495CJ

MP5532C TSC9496CJ

REFO1CP TSC9495CJ

REF02CP TSC9495CJ

TP4780 TSC9400CJ

TP4781 TSC9401CJ

VFQ-1C TSC9400CJ

VFQ-1R TSC900CL
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“W" TELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company™

TSC00C26

DUAL SUPER-FAST MOSFET DRIVER

FEATURES

Pin for Pin Compatible with DS0026 and MMH0026
Low Supply Current
» 350 wA with Logic 0 or Logic1 Input
Latch-up Protected. Will Withstand 500 mA Reverse
Output Curent
Input Protected for Input Translents of up to 6 Volts
Below the Input Rail.
High Peak Output Current.............. +/-1.5 A Peak

Fast Rise and Fall Times ........... 1000 pF in 20 nS
SupplyVoltage . .........ccvviiiniiannns 4.5V to 18V
Consistant Delay Times with Changes in V,

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 +

FUNCTIONAL DIAGRAM

LowDelay Time........coviviininnnnnen 15 nS Max.

v+ O————

4\ TSC00C26

INVERTING

DC DC Dc I ouTPUT
INPUT ()-—J
NOTE: GROUND UNUSED DRIVER INPUT

= GND
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PRELIMINARY DESIGN INFORMATION

¢ TSC00C26

GENERAL DESCRIPTION

The TSC00C26 is a CMOS version of the
standard bipolar Clock Driver, DS0026 and
MMH0026. This CMOS device requires much less

Pin Configuration

current than the bipolar version, and can be driven ne[T] .’;P [8] ne "
directly with-.a CMOS or TTL level input. The walzl coocoeb 0T ’

. . eno[3 6]v*
Ezggggze also features speeds equivalent to .the o] oo INVERTING

Absolute Maximum Ratings

V+-V- Differential Voltage . . . .. ........... 18V

:223:3:3:;; ..... 1501.51,:; Ordering Information

Peak OutputCurrent .. .................. 1.5A Temp.

Maximum Power Dissipation @ 25°C ‘Part No. Package Range
CerDIP Package . ....... ..... 1150mwW o ; o o
Molded Package . . ........... 1040mW TSCO0C26CPA 8-pin Plastic DIP  0°C to 70°C

Operating Temperature Range TSCO0C26IJA 8-pin CerDIP -25°C to 85°C
TSC00C26C . ............ 0°C to 70°C .

: 6MJA 8-pin CerDIP -55°C to 125°C
TSCO0C26l...... ...... 25°C10859C  1oU0C? pin ~er °
TSCO0C26M . .......... -55°C to 125°C TSCO0C26MJA/883  8-pin CerDIP -65°C to 125°C

Storage Temperature . . ........ -65°C to 150°C N

Lead Temperature (Soldering, 10 Sec.) ... 300°C TSC00C26CY DICE 25°C

Electrical Characteristics (T, = 25°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT

Vi Logic "1" V,, V=0V - 2 15 \

In Logic "1" I, V-V =24V - 0.3 1.0 HA

Vi Logic "0" Vg V-=0V - 0.6 0.4 \'

I Logic "0" I, Vi -V =0V - -0.3 -1.0 pA

Vo Logic "0" Vgyr V-V =24V - V+.7 V41 v

Vou Logic "0" Vgur V-V =04V, Vi 2 V41,0V V- \AR - \

lecony  "On" Supply Current V* -V- = 18V, V V- = 2.4V - 35 5 mA

(One Side On)

lec o "OFf" Supply Current V*+ -V- = 18V @ 70°C - - 500 mA

V-V =0V@ 125°C 1000 mA
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| (ma)

DUAL SUPER-FAST MOSFET DRIVER

TSC00C26

Switching Characteristics (1, = 25°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
ton Turn-on Delay (Figure 1) 5 75 12 nS
(Figure 2) - 11 - nS
torr Turn-off Delay (Figure 1) - 12 15 nS
(Figure 2) - 13 - nS
tq Rise Time (Figure 1) C_=500pF - 10 15 nS
(Figure 2) C, =1000pF - 15 25 nS
(Figure 1) C_ =500pF - 25 35 nS
(Figure 2) C,_ = 1000pF - 30 40 nS
t Fall Time (Figure 1) C, = 500pF - 10 15 nS
(Figure 2) C_= 1000pF - 15 25 nS
(Figure 1) C_=500pF - 25 35 nS
(Figure 2) C_=1000pF - 30 40 nS
Supply Current vs. Frequency
250
200 4
DS0026
150 -
100
TSCO0026
50 -
LOAD = 1000pf
0 |

T
3.2 4.6 59
FREQ (MHz)
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PRELIMINARY DESIGN INFORMATION

TSC00C26

Supply Current vs. Frequency

350 A

300 DS0026

250 A

200 -

1 (ma)

150 _ TSC0026

100

50 4 LOAD = 2200pf

T T T T T T T

T
0.5 1.9 3.2 4.6 5.9 73 8.6 10.0
FREQ (MHz)



“"TELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company ™

TSC112
TSC113

CURRENT MODE MAG-AMP

CONTROLLER

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)

'\SUMMDNG AMP
A

VRer .
\/
'our l 3 |

CURRENT AMP

=L

J
18—

T |7
s

FOLDBACK AMP

-
@
+

FB/SUM

?

N START [ 1 Faur

-/ /ReseT | TMER LATC 7SHUT -
comp CEXT ]

156V

GND

“w"
TSC112

6-7



CURRENT MODE MAG-AM# CONTROLLER

TSC112
TSC113

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 ICs.
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 pA. 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% 2.5V
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)
pinis available.Onthe TSC113 this pinis the comparltor
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.



Advance Product Information
DISPLAY A/D CONVERTERS

2 1/2 Digit Direct Display Drive TSC806/TSC807
Analog-to-Digital Converters

General Description: Features:

The TSC806/TSC807 are low power CMOS « |deal for Medium Resolution Measurement
analog-to-digital converters which provide on-chip Systems -
drivers for a 2 1/2 digit display. The TSC806 drives —-pH, Pressure, Temperature, etc.

an LCD display, while the TSC807 provides 8 mA of » 2 1/2 Digit Display (199 Counts, Max.)
drive current per segment to an LED display. The low « Drive LCD or LED Displays Directly

power dissipation of the TSC806 makes it ideal for » Guaranteed Zero Reading with Zero Input

battery operated systems. All of the active « True Polarity at Zero for Precise Null Detection

components required to construct a measurement * 1 pA Input Current

system with 0.5% resolution are provided by the « Linearity Error Less Than One Count

TSC806/TSC807. Only a display, four resistors, and « Low Drift Internal Voltage Reference

four capacitors are required to complete the system. ... .. iiiiiiiiiiieiianeaas 50 ppmy/ °C Drift
« LowPowerOperation................ 10 mwW

. 10y
i

- — =
TSC806
pH SENSOR TSC807
1
| T

Lesl]
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Notes

ENGINEER: DEPT:
PROJECT: DATE: .
DESCRIPTION
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Acdvance Product Information
DISPLAY A/D CONVERTERS

3 3/4 Digit A/D Converter TSC820
with Frequency Counter

General Description: Features:

The TSC820 is a low power CMOS measurement « 3 3/4 Digit (3999 maximum) Resolution
system IC which includes both a 3 3/4 digit analog to « Frequency Measurement Input, 2 MHz Max
digital converter and a frequency counter function. - Low-Noise Analog to Digital Converter
To further enhance functionally, two logic inputs are - Differential Analog Signal Inputs
provided which drive LCD annunciators for high and » Low Analog Input Leakage .......... 1pAtyp
low logic input levels. A peak hold input permits the « Differentlal Reference Inputs
highest A/D or frequency reading to be held and « Low Temperature Drift Reference . .. 35 ppm/ °C
displayed automatically Other features include a  Peak Reading Hold
piezoelectric transducer driver, decimal point select » Two Logic Level Inputs with Annunciators
inputs, and a low-battery detection/LCD annunciator » LCD Display with Triplexed Drive
driver circuit. The TSC820 includes on-chip drivers « On-chip Decimal Point Control Inputs
for a triplexed LCD display, and operates from a « Low Battery Detect with LCD Annunclator
single 9 V battery. Package options include 40-pin « Plezo Buzzer Driver
DIP and 44-lead PLCC and compact flat packages. « Single 9 V Battery Operation
The 44-pin packages also include a hold input and = 40-pin DIP or 44-lead PLCC and Flat Package
underrange/overrange outputs. » 44-pin Package Versions Also Include:

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

OVER LO BATT

[Low ]
40kHz -

[Tz .
]

TSC820 le—— BUZ IN
ANALOG AD —— DISPLAY g ]
INPUT CONVERTER v LATCH LE
FREQUENCY AD N COMPARAT [+— DPO
INPUT COUNTER F——— °';>B L_| le— DP1
LOGIC LEVEL DISPLAY |- TOLCD VOLTAGE AD PEAKHOLD
INPUTS FORMAT REFERENCE | CON UNDERRANGE
> TO BUZZER | TROL OVERRANGE
Veer
9V
Ly I | }__
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Notes

ENGINEER: DEPT:
PROJECT: DATE:
DESCRIPTION
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Advance Product Information
DISPLAY A/D CONVERTERS

3 1/2 Digit A/D Converter TSC821
with Frequency Counter

General Description: Features:

The TSC821 is a low power CMOS measurement « 3 1/2 Digit (1999 maximum) Resolution
system IC which includes both a 3 1/2 digit analog to » Frequency Measurement Input, 2 MHz Max
digital converter and a frequency counter function. « Low-Noise Analog to Digital Converter
The A/D signal integrate time period can be divided * ViNro Input for Easy Range Change, 200 mV or
by 10, which provides a 200 mV/2 V full scale 2 V Without External Component Change
analog input capability without external component « Differential Analog Signal Inputs
changes. To further enhance functionally, two logic « Low Analog input Leakage .......... 1pAtyp
inputs are provided which drive LCD annunciators for « Differential Reference Inputs
high and low logic input levels. A peak hold input « Low Temperature Drift Reference . .. 35 ppm/ °C
permits the highest A/D or frequency reading to be » Peak Reading Hold
held and displayed automatically » Two Logic Level Inputs with Annunclators

Other features include a piezoelectric transducer » LCD Display with Triplexed Drive
driver, decimal point select inputs, and a low-battery = On-chip Decimal Point Control Inputs
detection/LCD annunciator driver circuit. The » Low Battery Detect with LCD Annunciator
TSC820 includes on-chip drivers for a triplexed LCD * Piezo Buzzer Driver
display, and operates from a single 9 V battery. « Single 9 V Battery Operation
Package options include 40-pin DIP and 44-lead « 40-pin DIP or 44-lead PLCC and Flat Package
PLCC and compact flat packages. The 44-pin » 44-pin Package Versions Also Include:
packages also include a hold input and —Underrange and Overrange Outputs
underrange/overrange outputs. —Display Hold Input to "Freeze" Reading

HIGH OVER | [[PKHOLD] [LO BATT

40kHz - I' 9' 9-9
Npesepen O
L]

TSC821 [ BUZ N
ANALOG AD -~ DISPLAY
INPUT CONVERTER LATCH LE
o l; l*— DPO
FREQUENCY AD COMPARATOR
INPUT COUNTER A>B [ DP1
LOGIC LEVEL DISPLAY ToLCD VOLTAGE AD PEAKHOLD
INPUTS FORMAT TOBUZZER REFERENCE | CONTROL OVERASE
Veer ¥
| v Vinvto
i
F




Notes

ENGINEER: DEPT:
PROJECT: OATE.
DESCRIPTION
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Advance Product Information
DISPLAY A/D CONVERTERS

3 3/4 Digit LCD Drive A/D Converter TSC822/TSC823
with Low-Voltage Battery Operation

General Description: Features:
The TSCB822 is a 3 3/4 digit (3999 counts, « High Resolution -

maximum) analog to digital converter which is -3 3/4 Digit (3999 Maximum) Resolution,
optimized for low voltage battery operation. An TSC822

on-chip DC-to-DC converter permits the TSC822 to -3 1/2 Digit (1999 Maximum) Resolution,
operate from two 1.5 V batteries. Drivers for a TSC823

multiplexed LCD display are included. Added » Operates from Two 1.5 V Batterles
features include low battery detect, decimal point » High Iimpedance Differential Inputs

inputs, and a HOLD input. An on-chip op-amp can be « Differential Reference
used as an AC-DC converter. The TSC823 includes = On-Chip Voltage Reference
all of the above features, but provides resolution of « LCD Display Drivers with Triplex Drive
3 1/2 digits (1999 Maximum). « On-Chip Decimal Polint Drivers
- Low Battery Detect and Display
« Hold Input and Display
* Op-Amp for AC-DC Converter
« Crystal Oscillator
« 40-Pin DIP or 44-pin Compact Flat Package

- - -
TRIPLEXED LCD
DISPLAY DRIVE

D
Vino———9—2, TSC822
AD TSC823
CONVERTER
AC HOLD
\ DP1
* L o or2
OP-AMP DG-DC CONVERTER
_ ———o DP3
L AC-DC NETWORK |—! L L)y
3V BATTERY
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Notes

ENGINEER: DEPT-
PROJECT: DATE:
DESCRIPTION
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Advance Product Ihformation
DISPLAY A/D CONVERTERS

Autoranging A/D Converter TSC824 (3 3/4)
with Low-Voltage Battery Operation TSC814 (3 1/2)

General Description: Features:

The TSC824 is an autoranging 3 3/4 digit (3999 + Operates from Two 1.5 V Batterles
counts, maximum) analog to digital converter which * 3 3/4 Digit (3999 Maximum) Resolution
is optimized for low voltage battery operation. An « Autorange Operation for AL & DC Voltage and
on-chip DC-to-DC converter permits the TSC824 to Reslistance Measurements-Two User-Selected
operate from two 1.5 V batteries. Input ranges are AC/DC Current Ranges, 200 mA and 10 A
automatically selected for both voltage and « 22 Operating Ranges
resistance measurements. Drivers for a multiplexed -4 DC/AC Voltage
LCD display are included, with automatic decimal -9 Resistance
point selection and a full range of display ~Low Power Ohms
annunciators. Added features include low battery « On-Chip Voltage Reference
detect, HOLD input,and on-chip op-amp for AC-DC * Triplex LCD Display Drivers for Digits, Decimal
conversion. Points, and Annunclators

The TSC814 includes all of the above features, but « Low Battery Detect and Display Annunclator
provides resolution of 3 1/2 digits (1999 maximum). « HOLD Input and Display Annunciator

» Op-Amp for AC-DC Converter

» Continuity Detection and Plezoelectric
Transducer Driver

« Compact 60-pin Flat Package

TRI-PLEX LCD DISPLAY
AC -MEM (=) HOLDLOf2

CONTINUITY -3 9 9 9 v

a RESISTOR *BUZZER" QUTPUT
O——1  NeTWoRK o} DATA/ j r j r
INPUT ANNUNCIATOR BACKPLANE
DRIVE
CONTINUITY
DETECTION & TRI-PLEX LCD DISPLAY
OUTPUT DRIVE & BACKPLANE DRIVE
OHMS |_‘
L{ owioer

! SWITCH 1
INPUT % OSCILLATOR -

VOLTS

MANUAL RANGE
INPUT oMl
O- = 31/2 DIGIT RANGE/FUNCTION o
| VOLTAGE REFERENCE |_ INTEGRATING ADC CONTROL LOGIC o } Fuucngu
COMMON r O SELEC
TSC824/814 |
RESISTOR VOLTAGE ACTODC DC-DC CONVERTER —
NETWORK DIVIDER §—] CONVERTER LOW BATTERY — av
SWITCHES DETECTION LT
1 |

AC-DC CONVERTER
NETWORK

Functional Diagram
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Notes

ENGINEER: DEPT:
PROJECT: BATE:
DESCRIPTION
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“vTELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company ™

Advance Product
Information

TSC829

4 1/2 DIGIT ADC WITH LCD DRIVE

GENERAL DESCRIPTION

The CMOS TSC829 combines a precision 4 1/2
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 TSC829 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

Function Has Dual Functions

Separate Pin

Of Conversion
Input/Output
Control Pins

Compact 60-Pin Surface

Mount Flat Package Yes No

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

FEATURES

m Triplex LCD Display Drive On-Chip

m Control Signals and Data Output for u-Processor
Interface

m Audio Frequency “Buzzer” Signal and Driver for
Piezoelectric Continuity Transducer

m On-Chip Low Battery Detectorand LCD Annunciator
Driver

® On-Chip Continuity Detection and LCD Annunciator
Driver

m Easy to Use Single Function DP4, OR, UR, DP3,
LATCH and EOC Input/Output Control Pins

® 4 1/2 Digit Resolution

= 10to 1 Digitally Controlled Full-Scale Range Selection

m Simple 1V Reference for 200 mV or 2 V Full-Scale
Range

m 10 uV Resolution on 200 mV Full-Scale Range

Pin Configuration
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Advance Product Information
POWER CONTROL

Programmable Positive DC to DC Converter TSC965
General Description Features
The TSC965 is a monolithic CMOS programmable « Three modes of operation:

switched capacitor DC to DC converter. The -Unregulated Multiplication ....... 2X, 3X, 4X
TSC965 provides a low parts count means to provide —Regulated Programmable ...... +7Vto+18V
on-board conversion of logic level voltages to -Pin Selectable Regulated...... +12Vor+15V
7-21 V. The TSC965 is designed to convert positive « Input voltage Range .......... +3 Vto+5.25V
DC voltages and can be used in three different ways: «OutputCurrent ..........c.cvevvunne. 40 mA
as a preset +12 V or +15V regulated converter, a * Low Standby Current .............. 5 pA Max.
programmable regulated converter, or an « Voltage Reference Accuracy ............ 1.5%
unregulated voltage multiplier. « ESDProtected ..........cc.0invnnnn 2 KV

« 16 Pin Package

V+ |
Cq+
OSCILLATOR REG. ENABLE
—l___ CURRENT OSC ENABLE
Cr Low REF
RESISTANCE
SWITCHES ‘L
_I_— CZ+ COSC (OPT.)
—[—— VRer e :-_E-
Cy -
Vour (REGULATED)
Ca+ M
L] AL - 1
| ngelc R [
Cs ——
DS
ET R2
UNREGULATED | ¢ CR
OUTPUT __‘_' —>10 |
| | LEVEL D N =
| - SHIFTERS EG 15V/12V SELECT
| ) RintT
1
- | 4
b e e e e e e e = - = J
—
GND

Block Diagram
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Advance Product
Information

TSC35C25A
TSC35C27A

“TELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company ™

CMOS PWM CONTROLLERS

Pin-Out Diagram

INV INPUT 1]

NI INPUT [2]
sync 3]

0sC ouTPUT [}

[16] Veer
[15] +Vin
> [14] ouTPUT B

Tscascasa [13] Ve
TSC35C27A

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

toOutput ...................o0. <350 nS Typ
m Low Prop Delay Shutdown

toOutput ..................oo0 <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

¢ [5] (3] GROUND one for the control section. This allows “boot strap”
R, [E] 7] ouTPUT A operation of the IC. The CMOS output stage allows the
DISCHARGE [T ] [10] SHUTDOWN output voltage swing to come within 25 mV of either rail.
SOFT sTaRT [&] [ 9] comPENSATION Otherimproved 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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Advance Product Information

POWER CONTROL

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 Atypical, 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 TSC172/173 adds additional features. The
TSC172/173 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.

TSC38C42/TSC38C43
TSC172/TSC173

Features

« Low Power CMOS Construction
e LowSupplyCurrent .............. 1.5mA 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
« HighOutputDrive ................ 1.2 A Peak
« Current Mode Control
« FastRRise/FallTime .......... 30 nS @ 1000 pf
« High Frequency Operation .......... 500 KHz
» Clock Ramp Reset Current ......... 1mA 10%
* Fixed UV Lockout TSC38C42/43 ...... 16VvevV
« Adjustable UV Lockout TSC172/173
* Adjustable UV Hysterisis TSC172/173
 Shutdown Pin Available on TSC172
» UV Lockout Pin Available
onTSCI173..............
* 99% Duty Cycle Limited
« Soft Start
« Low Prop Delay Current Amp
to Output
» Low Prop Delay Shutdown
to Output <200 nS Typ
» TSC38C42/43 Pin Compatible with Unitrode
UC3842/3843

30 V Open Collector

<250 nS Typ

v,

UVH oo

O--0mw

UV GOoD

?z

PWM
PWM
COMPARITOR  UATCH

28 s —
’ > VvoLT
GND 09
v 25V 1.4V
uw
UV 1O 60—

- ..___-07_4 +
CLk g I
ERROR AMP
FY-Vy SH— 2R
2
W/
ERROR AMP o———— /
comp

«— TOGGLE USED ON
TSC38C44, TSCIBCAS,
TSC174 AND TSC175 ONLY.

TSC38C42-45/TSC172-175 Block Diagram
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Advance Product Information

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 MOSFETSs 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

TSC38C44/TSC38C45
TSC174/TSC175

Features

» Low Power CMOS Construction
* LowSupplyCurrent .............. 1.5mATYP
« Wide Supply Voltage Operation 8.0 TO 28 Volts
» Latch-Up Immunity ........ 500 mA on Outputs
« Above and Below Ralil input Protection 6 Volts
* HighOutputDrive ................ 1.2 A Peak
 Current Mode Control
» Fast Rise/Fall Time .......... 30 nS @ 1000 pF
» High Frequency Operation .......... 500 KHz
« Clock Ramp Reset Current ........ 1 mA 10%
« Fixed UV Lockout TSC38C44/45 ...... 16V/8V
* Adjustable UV Lockout TSC174/175
« Adjustable UV Hysterisis TSC174/175
« Shutdown Pin Available on TSC174
» UV Lockout Pin Avallable
onTSC175.............. 30V Open Collector
« 49% Duty Cycle Limited
* Soft Start
» Low Prop Delay Current Amp
toOutput .........covvvvennnn. <250 nS Typ
» Low Prop Delay Shutdown
toOutput ..........cviivvnnnen < 200 nS typ
« TSC38C44/45 Pin Compatible with Unitrode
UC3844/3845

to 49%. This makes this family of PWM controllers «ESDProtected ..........ccvvivnnnnnn +2 KV
ideal for forward converter circuits.
comp E w E Veer NC ]I * E NC compP E 16] Veer
w(E] Tsmen [ cow [E] Teeme [ wold] Igen [H ww
o 3] 13C580es  [] our ne 3] TSEhmeE [ &3] [ v
Ry /cy [4] [5] ono e [4] 1) :UY SHUT DOWN [4] KER
N [5] [12) v:, ne [5] 12] our
TSC38C42 tocwe [6] [ our tace [6] 1] v
TSC38C43 el e g [10] ono
TSC38C44 Ry/Cy [B [5] Power ano ¢ [8 BRI
TSC38C45
TSC38C42 TSC172
TSC38C43 TSC174
TSC38C44
comp [1] [14] Veer TSC38C45
wolE] jgEm [ o
“fF 7
VGooD [4] [11] Voo
Isense [5 | f1d] our
Ry [6] [5] ano
cr[7 8] ouranp
TSC173
TSC175
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Advance Product Inhformation
POWER CONTROL

CMOS Current Mode TSC38C46/TSC38C47
SMPS Controller

General Description Features
The TSC38C46/47 are current mode CMOS PWM * 2nd Generation TSC170
control ICs. These only draw 2.0 mA supply current, « Isolated Output Drive
so they can be driven without a costly 50-60 Hz « Low Power CMOS Construction
transformer. The output drive stage is capable of * LowSupply Current ............. 2.0 mA Typ
high drive currents, 300 mA typical. « Wide Supply Voltage Operation 8.0 To 16 Volts
The TSC38C46/47 are pin compatible with earlier « Latch-Up immunity ........ 500 mA on Outputs
bipolar products so that designers can easily update « Above and Below Rall Input Protection 6 Volts
older designs. A number of improvements have » High OutputDrive.............. 300 mA Peak
been added though. For example, clock ramp reset « Current Mode Control
current is specified at 1 mA £10% for accurate - Fast RiseFfall Time .......... 50 nS @ 1000 pF
deadtime control. « High Frequency Operation .......... 500 KHz
This second generation part has been designed  Clock Ramp Reset Current ......... 1mA 10%
with an isolated drive stage. Unlike its cousin the « UV Hysterisis Guaranteed
TSC170 the output stage of the TSC38C46/47 can < Shutdown Pin Avalilable
be run from a separate power supply such as a « Double Ended
secondary winding on an output transformer. This « Soft Start
allows for boot strap start-up of the power supply. * Low Prop Delay Current Amp
toOutput ...........coeiinnne, <350 nS Typ
« Low Prop Delay Shutdown
toOutput ............ccivnnnnn <400 nS Typ
« TSC38C46/47 Pin Compatible with Unitrode
UC3846/3847
«ESDProtected ........ccccvvevnnnnns +2 KV
Y m e J
Y TSC38C46/TSC38C47 Vo
2: o ?—f—‘l‘somwu o
SYNCH é? X315 CURRENT E
-CURRENT SENSE INPUT o’-?—— o Auruf-;en i :

PWM
. IN_COMPARATOR '
B |
+CURRENT SENSE INPUT O - oy )
i —OOUTPUTB (J L)
| LIMIT BUFFER 3
COMPENSATION 04— 4 AMPLIFIER PWM LATCH ~OGROUND
Vs |
; o4 no oo == -
——O CURRENT LIMIT/SOFTSTART ADJUST
N I" !
SHUTDOWN

COMPARATOR

o1
30 mv —"0 SHUTDOWN
LOCK-UP AMPUFIER r‘ ssomv| |
Posimve Q2 !
FEEDBACK &«a

'
'
'
3.5k '

T

=
I

1

: TSC38C48 OUTPUTS LOW IN OFF STATE

7 | TSC38C47 OUTPUTS HIGH IN OFF STATE
3

Block Diagram

6-29



Notes

ENGINEER: DEPT:
PROJECT: DATE:
DESCRIPTION

6-30



“WTELEDYNE

SEMICONDUCTOR
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TSC4423
TSC4424
TSC4425

3A DUAL HIGH SPEED
MOSFET DRIVER

FUNCTIONAL DIAGRAM

FEATURES

Tough CMOS™ Construction
Latch Up Protected. Withstand >500mA Reverse
Current

Logic Input will Withstand Negative Swing Up to 6V
ESD Protected .......................... 2KV
High Peak Output Current ......... 3.0 A Peak
Wide Operating Range ........... 45Vto 18V
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 Vg*
Logic Input Threshold Independent of Supply Voltage
Low Supply Current

— 5 mA with Logic 1 Input
— 350 pA with Logic 0 Input

Low Output Impedance ............ 3.5 Q, Typ.
Output Voltage Swing to Within 25 mV of Ground or
Vs*

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

v+ O—

1.6mA @P

1.5mA .

—

NON-INVERTING INVERTING
OUTPUT

= GND

>

>

{ OUTPUT
TSC4424 [ TSC4425
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TSC4423
TSC4424

3A DUAL HIGH SPEED

MOSFET DRIVER

TSC4425

GENERAL DESCRIPTION

The TSC4423-4425 Tough CMOS™ 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). This enhanced drive capability will 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 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 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 CMOS™ 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 Vg 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 CMOS™ MOSFET Driver that is just
right for any application.

Ordering Information

Temperature
Part No. Package Range
TSC4423COE 16-Pin SO Wide 0°C to +70°C
TSC4423CPA 8-Pin Plastic DIP 0°C to +70°C
TSC44231JA 8-Pin CerDIP -25°C to +85°C
TSC4423MJA 8-Pin CerDIP -55°C to +125°C
TSC4423MJA/883  8-Pin CerDIP -55°C to +125°C
TSC4424COE 16-Pin SO Wide 0°C to +70°C
TSC4424CPA 8-Pin Plastic DIP 0°C to +70°C
TSC44241JA 8-Pin CerDIP -25°C to +85°C
TSC4424MJA 8-Pin CerDIP -55°C to +125°C
TSC4424MJA/883 8-Pin CerDIP -55°C to +125°C
TSC4425COE 16-Pin SO Wide 0°C to +70°C
TSC4425CPA 8-Pin Plastic DIP 0°C to +70°C
TSC44251JA 8-Pin CerDIP -25°C to +85°C
TSC4425MJA 8-Pin CerDIP -55°C to +125°C
TSC4425MJA/883 8-Pin CerDIP -55°C to +125°C
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NEW PRODUCT INFORMATION

TSC4423
TSC4424
TSC4425

Absolute Maximum Ratings (Notes 1, 2 and 3)
Power Dissipation

Operating Temperature

Plastic ..........cccciiiiiiiiiiiin., 500 mW M Version ................... -55°C to +125°C
CerDIP .. 800 mw I'Version ..........ooiiiil -25°C to +85°C
Derating Factors C\Version ........cooiiiiiin 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 ...ttt 20V Lead Temperature (10 Sec.) ............... 300°C
Input Voltage Any Terminal ........... Vg + 03V
to Ground - 0.3 V
TSC4423/4424/4425 Electrical Characteristics:
Ta = 25°C with 4.5 V < Vg = 18 V unless otherwise specified.
SYM-
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT
- Viy Logic 1 Input Voltage 24 — — \
g2 v Logic 0 Input Voltage — - 0.8 v
Iin Input Current 0=Vn=Vg -1 — 1 UA
Von High Output Voltage Vg-0.025 — — \
VoL Low Output Voltage — — 0.025 \
5 Ro Output Resistance HI State lout = 10 mA, Vg =18V —_ 35 7 Q
E Ro Output Resistance LO State lout =10 mA, Vg = 18V — 35 7 Q
°© Ipk Peak Output Current — 3 — A
I Latch-Up Protection Withstand 500 _ _ mA
Reverse Current
© TR Rise Time Test Figure 1, C = 1800 pF — — 20 ns
%"s‘ Te Fall Time Test Figure 1, C| = 1800 pF — — 20 ns
'§= Tos Delay Time Test Figure 1, C = 1800 pF — — 40 ns
w
To2 Delay Time Test Figure 1, C|_ = 1800 pF —_ —_ 40 ns
g; Is Power Supply Current Vin = 3.0 V (Both Inputs) — —_ 5.0 mA
o.
3 s Power Supply Current Vin = 0.0 V (Both Inputs) — — 350 UA
TSC4423/4424/4425 Electrical Characteristics:
Over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified.
SYM- )
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT
- Viy Logic 1 Input Voltage 24 — —_ "
§ ViL Logic O Input Voltage — . 0.8 v
Iin Input Current 0=VnN=Vg -10 — 10 MA
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TSC4423
TSC4424
TSC4425

3A DUAL HIGH SPEED
MOSFET DRIVER

TSC4423/4424/4425 Electrical Characteristics:
Over operating temperature range with 4.5 V < Vg < 18 V unless otherwise specified. (Contlnued)

TYPE :g:l. PARAMETER CONDITIONS MIN TYP MAXl UNIT
Vou High Output Voltage Vg-0.025 — — v
lé VoL Low Output Voltage . — 0.025 v
3 Ro Output Resistance :g’::fﬁ,‘:n A V=18V — 5 10 Q
Ro Output Resistance I\gﬁ:f:})\r/n A, Vg = 18 V — 5 10 Q
- TR Rise Time Test Figure 1, C,_ = 1800 pF — — 40 ns
%i‘ Te Fall Time Test Figure 1, C_ = 1800 pF | — — 40 ns
E': To1 Delay Time Test Figure 1, C_ = 1800 pF — — 60 ns
® To2 Delay Time Test Figure 1, C_ = 1800 pF —_— —_ 60 ns
gg Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 8.0 mA
R Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.6 mA
TSC4423/4424/4425 Electrical Characteristics:
Ta = 25°C with 4.5 V < Vg < 18 V unless otherwise specified.
SYM- '

TYPE BOL PARAMETER CONDITIONS MIN TYP - MAX UNIT
- Vin Logic 1 Input Voltage 24 == — \
§ ViL Logic 0 Input Voltage — . 0.8 Vv

[ITN] Input Current 0<=VnN=Vg -1 _ 1 MA

Vou High Output Voltage Vg-0.025 — — \"

5 VoL Low Output Voltage —_ — 0.025 Vv
% Ro Output Resistance Hi State  loyr = 10 mA, Vg = 18 V — 35 7 Q
Ro Output Resistance LO State lout = 10 mA, Vg =18 V — 35 7 Q

lpk Peak Output Current - 3 — A

o TR Rise Time Test Figure 1, C_ =.1800 pF - - 20 ns
E, T Fall Time Test Figure 1, C_ = 1800 pF |  — — 20 ns.
§E Tor Delay Time Test Figure 1, C, = 1800 pF | — — 40 ns
2 T Delay Time Test Figure 1, C_ = 1800 pF [ — — 4. | ns
gg g Power Supply Current Vin = 3.0 V (Both Inputs) — — 8.0 mA
32 s Power Supply Current Vin = 0.0 V (Both Inputs) — . 04 mA

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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TSC4426
TSC4427
TSC4428

1.5A DUAL HIGH SPEED
MOSFET DRIVER

FUNCTIONAL DIAGRAM

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 ........... 45Vto20V
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 Vg*
Logic Input Threshold iIndependent of Supply Voltage
Low Supply Current

— 5 mA with Logic 1 Input

— 350 pA with Logic 0 Input

Low Output Impedance .................. 7Q
Output Voltage Swing to Within 25 mV-of Ground or
Vg*

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

Vi O——4

1.5mA

1.5mA @

"\‘ TSC4426/4427/4428

NON-INVERTING INVERTING
OUTPUT

ot >

= GND

OUTPUT
[ TSCaa27 [ TSCa428
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TSC4426
TSC4427
TSC4428

1.5A DUAL HIGH SPEED
MOSFET DRIVER

GENERAL DESCRIPTION

The TSC4426-4428 Tough CMOS™ 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 popular TSC426-
428 series.

The TSC4426-4428 peak drive capability is
well suited to drive small to intermediate size MOSFETs
(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 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 as6 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 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 CMOS™ 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 Vg 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 CMOS™ MOSFET Driver that is
just right for any application.

Pin Configuration

Ordering Information

Temperature
Part No. Package Range
TSC4426COE 16-Pin SO Wide 0°C to +70°C
TSC4426CPA 8-Pin Plastic DIP 0°C to +70°C
TSC44261JA 8-Pin CerDIP -25°C to +85°C
TSC4426MJA 8-Pin CerDIP -55°C to +125°C
TSC4426MJA/883 8-Pin CerDIP -55°C to +125°C
TSC4427COE 16-Pin SO Wide 0°C to +70°C
TSC4427CPA 8-Pin Plastic DIP 0°C to +70°C
TSC44271JA 8-Pin. CerDIP -25°C to +85°C
TSC4427TMJA 8-Pin CerDIP -55°C to +125°C
TSC4427MJA/883 8-Pin CerDIP -55°C to +125°C
TSC4428COE 16-Pin SO Wide 0°C to +70°C
TSC4428CPA -.. 8-Pin Plastic DIP 0°C to +70°C
TSC44281JA 8-Pin CerDIP -25°C to +85°C
TSC4428MJUA 8-Pin CerDIP -55°C to +125°C
TSC4428MJA/883 8-Pin CerDIP -55°C to +125°C

INVERTING

NC = NO CONNECTION

24 75
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NEW PRODUCT INFORMATION

TSC4426
TSC4427
TSC4428

Absolute Maximum Ratings (Notes 1, 2 and 3)
Power Dissipation

Plastic ...t 500 mW

CerDIP e 800 mW
Derating Factors

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

CerDIP .. 6.0 mW/°C
Supply Voltage ...ttt 2V
Input Voltage Any Terminal ........... Vg + 03V

to Ground - 0.3 V

TSC4426 Electrical Characteristics:

Operating Temperature

M Version ................o.ln -55°C to 125°C
I'Version ...t -25°C to 85°C
CVersion ......cooeieiiiiiinnn.. 0°C to 70°C
Maximum Chip Temperature .............. 150°C
Storage Temperature ............. -55°C to 150°C
Lead Temperature (10 SeC.) ............... 300°C
CerDIP G5a (°C/W) oo 150°C
Plastic 8ja (°C/W) ..o, 170°C

Specifications measured at T = 25°C with 4.5 V < Vg < 18 V unless otherwise specified.

SYM- TSC4426
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
- Vin Logic 1 Input Voltage 2.4 — — \Y
; Vi Logic 0 Input Voltage —_ - 0.8 v
N Input Current 0=VN=Vg -1 — 1 uA
Vou High Output Voltage Vs-0.025 _ - Vv
VoL Low Output Voltage — — 0.025
5 Ro Output Resistance }gﬁ::(’}%vm A Vs = 18V - 7 10 Q
%’ Ro Output Resistance I\gg:fﬁ)\lm A, Vg = 18V — 7 10 Q
lpk Peak Output Current — 15 —
| e Frtecton Winstane 0 - = |
o Tr Rise Time Test Figure 1 . - 30 ns
% w T Fall Time Test Figure 1 — - 35 ns
g': Tos Delay Time Test Figure 1 — — 50 ns
« To2 Delay Time Test Figure 1 — — 55 ns
gg Is Power Supply Current Vin = 3.0 V (Both Inputs) . — 4.0 mA
3 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA
TSC4427 Electrical Characteristics:
Specifications measured at Tp = 25°C with 4.5 V = Vg = 18 V unless otherwise specified.
SYM- TSC4427
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
- ViH Logic 1 Input Voltage 24 — — Vv
; Vi Logic 0 Input Voltage — — 0.8 Y
- ™ Input Current 0<Vn<Vg -1 — 1 LA




TSC4426
TSC4427
TSC4428

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

1.5A DUAL HIGH SPEED
MOSFET DRIVER

SYM- TSCa427
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT

Vou High Output Voltage Vg-0.025 —_ — Vv

VoL Low Output Voltage — — 0.025 '

5 Ro Output Resistance :g’;‘” =2.140Y'n AVs=18V | — 7 10 Q.
§ Ro Output Resistance :/cl,tl,:=o.180¥nA, Vg =18V - 7 10 Q

Ipk Peak Output Current — 15 -

! Reverse Current >00 - — | mA
© Tr Rise Time Test Figure 1 — - 30 ns
§§ Te Fall Time Test Figure 1 — - 30 ns
E"" To1 Delay Time Test Figure 1 — — 40 ns
@ To2 Delay Time Test Figure 1 — — 55 ns
gg Is Power Supply Current VN = 3.0V (Both Inputs) |  — — 40 mA
3 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA
TSC4428 Electrical Characteristics:

Specifications measured at Tp = 25°C with 4.5 V < Vg < 18 V unless otherwise specified.

SYM- TSC4428

TYPE BOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
- ViH Logic 1 Input Voltage 24 — — \Y
; Vi Logic 0 Input Voltage — — 0.8 \Y
- N Input Current 0=VN=Vs -1 — 1 A

Vou High Output Voltage Vg-0.025 — — \'

VoL Low Output Voltage — — 0.025

Ro Output Resistance %:,??1??:& Vg =18V — 7 10 Q

=
g Ro Output Resistance %’J?lit 1'60‘:] A Vg =18V — 7 10 Q
lpk Peak Output Current —_ 15 —

| R Proecton Wihsand 0 = = | m
o Tr Rise Time Test Figure 1 — — 30 ns
%E T Fall Time Test Figure 1 — — 30 ns
§= To1 Delay Time Test Figure 1 —_ - 40 ns
@ To2 Delay Time Test Figure 1 — — 55 ns
EE Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 4.0 mA
32 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 04 mA
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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“TELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company ™

TSC805

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

FEATURES

m Auto-Range Operation for AC & DC Voltage and
Resistance Measurements
— Two User Selected AC/DC Current Ranges 20
and 200 mA
m 22 Operating Ranges
— 9 DC/AC Voltage
— 4 AC/DC Current
— 9 Resistance and Low Power Ohms
m Low Cost Switches Control Operation
m 31/2Digit Resolution in Auto-Range Mode . . 1/2000
— Extended Resolution in Manual Mode . . . 1/3000
m Memory Mode for Relative
Measurements ...................... +5% F.S.

= Internal AC to DC Conversion Op Amp

m Triplex LCD Drive for Decimal Points, Digits and
Annunciators

m Continuity Detection and Piezoelectric Transducer
Driver

m Compact Surface Mounted 60-Pin Quad Flat Package

m Low Drift Internal Reference ....... 75 ppm/°C

m 9 V Battery Operation

m Low Battery Detection and LCD Annunciator

W Low Power CMOS ................... 10 mw

"
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TSC805

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

GENERAL DESCRIPTION

The TSC805 is a3 1/2 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 rangesare provided. The CMOS TSC805
contains all the logic and analog switches needed to
manufacture an auto-ranging instrument foronms 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 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 asingle 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% of full scale—from subsequent measurements.
Typical applications involve probe resistance 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
TSCB805 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 Vpgp pin.

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

A continuity buzzer output is activated with
inputs less than 1% of full-scale. An overrange input
signal also enables the buzzer, except during resistance
measurements, and flashes the MSD display. Featuring
single 9V 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

Temperature
Part No. Package Range
60-Pin Plastic Quad
TSC805CBQ Flat Package 0°C to 70°C
Formed Leads
60-Pin Plastic Quad
TSC805CSQ Flat Package 0°C to 70°C
Straight Leads
Pin Configuration
= I
g 3 w e o E5
8. sEEEEEEEEE L E
[as] [aa] 23] 2] [a1] fao] [o9] [3e] [o7] boe] [as] [34] [3] [22] [31]

cl s} 30 cREFL
cazf] (23] RMREFL

RX [ag] 28] RMREFH
crifag) j27}anALOG com
A1 B [26]vee

Apo [57] jvssp

j24]-MEM/BATT
AvIBUF [53] TSC805 AC/-/AUTO
ACVH [54] |22) BcP3
Vvssa [gs] [21] Fe2
DIG GND [56] 20 AGD2
RANGE [57] 19] BCP2

B3
ADG1
ie BEN

LCD SEGMENT DRIVE

CITET Ta] TsT TeT 2] Tel o I o] Taa] 2] 3] a4 s
S<NSNBLYdODC2>235958¢9
N 38 282z 3 8
Blaggzesssessggd

X x l

LCD

BACKPLANES
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PRODUCT INFORMATION

TSC805

Absolute Maximum Ratings

Supply Voltage (V¥ 1o V7) .ovvieiiiiiiii e 15V
Analog Input Voltage .............cccovivnnn... Vito V"
Reference Input Voltage ....................... vito v~
Voltage atPin43 ......................o0e GND 0.7 V
Power Dissipation

Plastic Package .............ccoiiiiiinnnn. 800 mW

Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec.) ........... 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
in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device

Operating Temperature

“C” Devices

reliability.

Electrical Characteristics: vs =29V, Ta=25°C, Figure 1 Test Circuit

TEST TSC805
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
200 mV Range w/o 10 MQ _
Input Resistor 0000 0000 +0000 Digjtal
1 Zero Input Reading 200 mV Range w/10 MQ Input -0001 — +ooo1 Heading
20 mA and 200 mA Range -0000 0000 +0000
200 mV Range w/o 10 MQ _ _ +1
Input Resistor -
2 RE Rollover Error 200 mV Range w/10 MQ 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 =0.1t0 10 Hz - 20 — uVp-p
6 AC Frequency Response 1% Error — 4010500 — Hz
+5% Error — 40to 2000 —
Open Circuit Voltage
7 for OHM Measurements Excludes 200 (2 Range — 570 660 mV
Open Circuit Voltage
8 for LO OHM Measurement Excludes 200 2 Range — 285 350 mV
9 Vcom Analog Common Voltage (V¥ -Vcom) 25 2.6 3.3 \Y
Common Voltage _ o
10 Vere Temperature Coefficient - 50 ppm/°C
1 Display Multiplex Rate — 100 - Hz
20mA, AC, |, Low 0,
12 Vi Low Logic Input Range, -MEM, OHMsg — — 1 \"
(Relative to DIG GND Pin 56)
20mA, AC, I, Low Q,
13 Logic 1 Pull Up Current Range, -MEM, OHMs — 25 — nA
(Relative to DIG GND Pin 56)
14 Buzzer Drive Frequency — 4 - kHz
15 Low Battery Flag Voltage Vcc to Vssa 6.3 6.6 7.0 Vv
16 Operating Supply Current — 0.8 15 mA
Note:

1. 200 () range open circuit voltage approximately 2.8 V.
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TSC805

Pin Description and Function Table 1:

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

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

1 OHM Logic Input. “0” (Digital Ground) for resistance measurement.

2 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.

3 BUZ 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.

XTALA1 32.768 kHz Crystal Connection.

5 XTAL2 32.768 kHz Crystal Connection.

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

7 BP1 LCD Backplane #1.

8 BP2 LCD Backplane #2.

9 BP3 LCD Backplane #3.

10 Low /A LCD Annunciator segment drive for low ohms resistance measurement and current measurement.
1 N LCD Annunciator segment drive for resistance measurement and voltage measurement.
12 K/m LCD Annunciator segment drive for k (“kilo-ohms”) and m (“milli-amps” and “milli-volts”).
13 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD).
(Ones digit).
14 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD.
15 FEO LCD segment drive for “f” and “e” segments of LSD.
16 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD.
17 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit).
18 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD.
19 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit).
20 AGD2 LCD segment drive for “a,” “g,” “d” segments of 3rd LSD.
21 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD.
22 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit).
23 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation.
24 —MEM/dBATT LCD annunciator drive signal for low battery indication and memory (relative measurement)
mode.
25 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal
of battery.
26 VCC Positive battery supply connection.
27 COM Analog circuit ground reference point. Nominally 2.6 V 'below VCC.
28 RMREFH Ratiometric (Resistance measurement) reference high voltage.
29 RMREFL Ratiometric (Resistance measurement) reference low voltage.
30 CREFL Reference capacitor negative terminal CREF = 0.1 uf.
31 CREFH Reference capacitor positive terminal CREF = 0.1 uf.
32 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.
33 OR1 Standard resistor connection for 200 Q full-scale.
34 OR2 Standard resistor connection for 2000 () full-scale.
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PRODUCT INFORMATION

TSC805

Pin Description and Function Cont.

PIN NO.
(Quad Flat SYMBOL  DESCRIPTION
Package)

35 QR3 Standard resistor connection for 20 kQ full-scale range.

36 QR4 Standard resistor connection for 200 k) full-scale range.

37 QRS Standard resistor connection for 2000 k(} full-scale range.

38 VR3 Voltage measurement + 100 attenuator.

39 VR2 Voltage measurement + 10 attenuator.

40 VRS Voltage measurement + 10,000 attenuator.

41 VR4 Voltage measurement + 1000 attenuator.

42 Vi Unknown voltage input + 1 attenuator.

43 h Unknown current input.

44 ACVL Low output of AC to DC converter.

45 COMP Comparator output.

46 Cl Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene
dielectric suggested).

47 CAZ Auto-zero capacitor connection. Nominally 0.1 uf.

48 Rx Unknown resistance input.

49 CFI Input filter connection.

50 ADI Negative input of internal AC to DC operational amplifier.

51 ADO Output of internal AC to DC operational amplifier.

52 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator
resistor nominally 220 k().

53 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection.
Integration resistor nominally 150 k().

54 ACVH Positive output of AC to DC converter.

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

56 DIG GND Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC.

57 RANGE Input to set manual operation and change ranges.

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

59 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance

Q/LOW 0 measurements, the ohms or low power (voltage) ohms option can be selected.
60 T Input to select current measurement. Set to logic “0” (Digital ground) for current measurement.
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PRODUCT INFORMATION

TSC805
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Figure 2: TSC805 Analog Section
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TSC805

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

Resistance, Voltage, Current
Measurement Selection

The TSCB805 is designed to measure voltage, current, and
resistance. Auto-ranging is available for resistance and vol-

tage measurements. The OHMS (Pin 1) and | (Pin 60) input
controls are normally pulled internally to Vcc.

The low power ohms measurement is not available on the
200 Q 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

By tying these pins to Digital Ground (Pin 56), the TSC805 is ;L;Irl‘-gsecale gteas?:t:fce é:::&";g:
configured internally to measure resistance, voltage, or 20 7
current. The required signal combinations are shown in 0 0 63.85 0 (R1) NO
Table 2. 2000 O 1638.5 ((R2) YES
20 k) 16,358 ((R3) YES
Table 2: TSC805 Measurement Selection Logic 200 kQ 163850 (2(R4) YES
Function Select Pin 2,000 kO 1,638,500 ((R5) YES
OHM (Pin 1) 1 (Pin 60) Selected Measurement N/A = Not available.
0 0 Voltage R8, a positive temperature coefficient resistor, and the 6.2V
0 1 Resistance zener, Z1 in Figure 1 provide input voltage protection during
1 0 Current ohms measurements. :
1 1 Voltage

0 = Digital Ground
1 = Floating or Tied to Vcc

Notes:

1. OHM &T are normally pulled internally high to VCC (Pin
26).
This is considered a logic “1.”

2. Logic “0” is the potential at digital ground (Pin 56).

Resistance Measurements —
OHMS & Low Power OHMS

The TSCB805 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 /LOWQ (Pin 59)
input selects the low power ohms measurement mode. For
low power ohms measurements }/LOWQ (Pin 59) ismomen-
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 Q, will be activated. On power up the low power ohms
mode is not active.

If the manual operating mode has been selected, toggling
Q/LOW( will reset the TSCB805 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.

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 Q fuli-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

mhe  mume  ocow
200 163.85 0.1

2k . . 1638.5 1

20 k 16385 10

200 k 163850 100

2M 1638500 1000
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TSC805
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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 MQ 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 measurementmode by
holding the | input (Pin 60) low at digital ground potential.
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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 liinput (Pin 43). For 20 mA measurements a 10 () resistor
is used. the 200 mA range needs a 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 ) trace resistance will cause a 5% current to
voltage conversion error at || (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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Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor
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External Crystal = 32.768 kHz
Internal Clock Period = Tp = 2/32.768 = 61.04 us

Total Conversion Time = Tconv = 8000 (Tp)

Integration Time = T| = 1638.5 (Tp) = 100.0 ms
Maximum Reference Deintegrate Time

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)

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 reset the 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.

The minimum AC voltage full-scale voltage range is2 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.

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 us. The
total conversion — auto-zero phase, signal integrate and
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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 operationonly.
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 TSCB805 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, (/LO ) changes. This

Table 5: Manual Range Operation

causes the TSC805 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 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 k() 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 2000 countsin
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

235V 18.2V 18.2 k) 2.35 MQ
RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
POWER-ON 200 mV “1700.0 mV 2V “17.000 V 200 O “1700.0 0 2k "17.000 kQ2
AUTO-RANGE 2V “17.000 V 20V 18.20 V 2 kO “1".000 k(2 10kQ  “170.00 k(2
OPERATION 20V “170.00 V 20 k) 18.20 k(2 200 k2 "“1700.0 k2
200 V 235V 2000 kO “1"350 kQ

# of RANGE CHANGES ~LJ~

T1LJ~ RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
1 200V 235V 20V 18.20 V 20 kQ 18.20 kQ 2000 k2 “17350 kQ
M g 2 200 mV “1700.0 mV 2V “1”.000 V 200 Q “1700.0 0 2k “17.000 kQ
ﬁ 5 3 2V 1.000 V 2V 18.20 V 2 kO “17.000 kQ 20k “170.00 kO
U A 4 20V “173.50 V 200 V 182V 20 k() 18.20 k) 200 k) “1700.0 k()
t 1; 5 200V 235V 600 V 19V 200 k2 18.2 k) 2000 kQ “17350 k2
g 6 1000 V 24V 2V “17.000 V 2000 kQ 19 kQ 2k “17.000 kQ
7 200 mV “1700.0 mV 20V 18.20 V 200 Q “100.0 0 20k “170.00 kQ
8 2V “1”.000 V 200 V 182V 2 kO “17.000 kQ 200 kY “1700.0 kO
Notes: 3. A flashing MSD with a non-zero display indicates the TSC805 has entered

1. Aflashing MSD is shown as a “1”. A flashing MSD indicates the TSC805 is
over-ranged if all other digits are zero.
2. The first manual range selected is the iast range in the auto-ranging mode.
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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.

4. = momentary ground connection.
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Figure 6: Manual Range Selection;
Resistance Measurement

RANGE
SELECT NON-CONTINUOUS
YES OUTPUT 4 kHz
AUDIO
FREQUENCY

OVER-RANGE INDICATOR

DISPLAY
“1"” 000

“1” = >FLASHING MSD

NO
1S YES DISPLAY LAST
Iy >2000 3 DIGITS
? AND FLASH MSD
NO
DISPLAY
TRUE
READING

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. In this operating mode subsequent
measurements are made relative to the last two digits (<99)
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.

Figure 8: Manual Range Selection;
Voltage Measurement

A few examples clarify operation:

Example 1: In Auto-Ranging

Ri (N) = 18.21 k) (20 k() Range ) = > Display 18.21 k()
MEM TLJ™ => Store 0.21 kQ

Ri (N+1) = 19.87 k2 (20 k) Range)
= > Display 19.87 - 0.21 = 19.66 k()

Ri (N+2) = 22.65 k() (200 k() Range)
= > Display 22.7 k(0 & MEM Disappears

Example 2: In Fixed Range 200.0 Q) Full-Scale
Ri (N) = 18.2 0 = > Display 18.2 0
MEM ~LJ~ => Store 82 Q
Ri (N+1) =36.7 Q
=> Display 36.7 - 8.2 =28.5 (
Ri (N+2) =5.8 Q
=> Display 5.8 - 8.2 =-2.4 O*

* Will display minus resistance if following input is less than
offset stored at fixed range

Example 3: In Fixed Range 20.00V Full-Scale
Vi (N) = 0.51 V = > Display 0.51 V
MEM “LJ~ => Store 0.51 V
Vi (N+1) =368V
=> Display 3.68 - 0.51 =3.17 V
Vi (N+2) =023V
= > Display 0.23 - 0.51 =-0.28 V
Vi (N+3) =-5.21 V
=> Display -5.21 - 051 =-572V
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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,/[ow Q)
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, (/LOQ).

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 flow chartis givenin Figure
9.

Internal input protection diodes to VCC (Pin 26) and VSSA
(Pin 55) clamp the input voltage. The external 10 MQ 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).

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 () range is the first range selected unless
the TSCB805 low ohms resistance measurement option is
selected. In low ohms operation the first full-scale range tried
is 2 k().

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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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()
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=01F DC
N=1IFAC
= 0; 200.0 mV FULL-SCALE RANGE
N=1:2.000V FULL-SCALE RANGE
N =N
(REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)
K th
CONVERSION

V= (110N vy

DISPLAY
VOLTAGE (Vy)

=] K=Kk+1

N=N+1

EXTENDED
RESOLUTION

DISPLAY “1” XXX
FLASH MSD

ACTIVATE
BUZZER

OVER-RANGE

DISPLAY 1”000
FLASH MSD

l

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 9: Auto-Range Operation;
Voltage Measurement
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Figure 10: Auto-Range Operation;
Resistance Measurement
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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 TSCB805 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
TSCB805. 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 havinga 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 setat a potential 3V below VCC the
peak drive signal is:

Vp=VCC-VDISP =3V
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 pinis 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.

TO
TRIPLEX

SEGMENT 50k

DRIVE

Loaic

Vi
SET VDISP
FOR PROPER V
50 k wiTH ResisTIVE
DIVIDER
G |
6—0 VDISP

Vp = VCC - VDISP
“OFF” = Vp/3 RMS

T
“ON" = 1"
3vV3

Vp RMS

Figure 11: Low Battery Detector

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 mV/° C temperature
coefficient can be applied to VDISP to accommodate the
liquid crystal temperature operating characteristics if
necessary.

The TSCB805 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 k. This drive method is com-
monly known as 1/3 bias. With Vpisp 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

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 us
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

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

Contact manufacturer for full specifications.
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TSC805 Triplex

“Buzzer” Drive Signal

The TSC805 BUZ output (Pin 3) will drive a piezo electric
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
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 for 15 ms whenever a range
change is made in auto-range or manual operation. Chang-

BP1

20

21

22

23

d1

P2

d2

P3

d3

@

P4

AUTO

~MEM

ing the type of measurement (voltage, current, or resistance)
or measurement option (AC/DC, (/LOQ) will also activate
the buzzer output for 15 ms. A range change during acurrent
measurement will not activate the buzzer output.
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Figure 15: TSC805 Timing Waveform for Buzzer Output

Display Decimal Point Selection

The TSC805 provides a decimal point LCD drive signal. The
decimal point position is a function of the selected fuil-scale

Vendors for piezo electric audio transducers are: range as shown in Table 6.
1. Gulton Industries Table 6: Decimal Point Selection
Piezo Products Division 1 e 9 e 9 e 9
212 Durham Avenue
Metuchen, New Jersey 08840 Full-Scale Range DP3 DP2 DP1
(201) 548-2800 2000 V, 2000 kQ OFF OFF OFF
Typical P/N’s: 102-95NS, 101-FB-00 200.0 V, 200.0 kQ) OFF OFF ON
2. Taiyo Yuden (USA) inc. 20.00 V, 20.00 kO OFF ON OFF
/7\:2"\2“3': Zentef i Foad 2,000 V, 2.000 kQ) ON OFF OFF
est Algonquin Roa
Arlington Hts., lil. 60005 2000 mV, 200.0 & OFF OFF ON
Typical P/N’s: CB27BB, CB20BB, CB355BB 20.00 mA OFF ON OFF
200.0 mA OFF OFF ON
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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/us

® Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

® Qutput Voltage Swing (Load = 10 k() 1.5V
" (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. RQBUF (Pin 52) is selected for resis-
tance measurements.

RVIBUF Selection (riN 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 £2V swing is suggested. The value of RVIBUF is
easily calculated assuming a worst case extended resolution
input signal:

VINT = Integrator Swing =*2V
Ti = Integration Time = 100 ms
Ci = Integration Capacitor = 0.1 pf
Vmax .= Maximum Input at V| = 300 mV
RVIBUF = _MAX(M) <450 ko
VINT (C1)

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.

The worst case integrator swing is for the 200 () range with
the manual, extended resolution option.

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

Vancom = Potential at Analog Common = 2.7 V
Rs = 220 Q

R1 = 163.85

Rx = 300 Q

Rs = Internal Switch 33 Resistance ~ 600 (
RQBUF = _(YCC-Vancom) Rx  _ g3y

(Rx + Rs + R1 + Rs)

For a 3.1V integrator swing the value of R () BUF is easily cal-
culated:
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VINT = Integrator Swing = 3.1V
Ti = Integration Time = 100 ms
Ci = Integration Cap. = 0.1 uf
Rx Max = 300 Q
Vx Max = 700 mV
rRaBuF = _(VXxMAX) (T ~ 220 kQ
Ci (VINT)
Veg=9V
SW33 | Rg =~ 600 Q
Rq
Rg
Vx
Rx
ANALOG COMMON = V¢ -3V

Figure 16: RQOBUF Calculation (200 (. 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 TSCB805 contains a low temperature driftinternal 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

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.: 1C51-064-042 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 Caddock
Accuracy Type Part Number
0.1% Voltage 1776-C441
0.25% Voltage 1776-C44

0.25% Resistance T 1794-204-1

.054 +.004
,\ [=15° MAX

.047 £ .004 40‘98
S nE |
1

102 £ .012 [
.0075

£.050 * .006

“BQ” Package — Formed Leads
(Package #21)

.010 MIN

60-Pin Plastic Flat Package

PIN 1

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ” Package — Unformed Leads
(Package #22)
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TSC810

LOW POWER 3. DIGIT A/D CONVERTER
WITH DISPLAY HOLD

FEATURES

m Convenient 9V Battery Operation with Low Power
Dissipation (500uW Typical, 9004W Maximum)

m Display Hold Function

m Fast Over-Range Recovery, Guaranteed Next
Reading Accuracy

m Low Temperature Drift Internal Reference

35ppm/°C (Typical)

m Guaranteed Zero Reading with Zero Input

mlowNoise ....................... 15uVp-p

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

m 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

FUNCTIONAL DIAGRAM

LCD DISPLAY

~ 8 8 8h

BACKPLANE

1 > 21
AL
<
R,
S INT “\"™TSC810
N " . LCD SEGMENT DRIVERS
CREF VRer ICREF VBUF, v
33 28
TYPICAL SEGMENT OUTPUT ) SEGMEN 7 SEGMENT]
: -
10 48
v &3t
N R COMPARATOR l DATA LATCH ]
%
@ LOW TEMP
COEFFICIENT
anaLoC, 32 . P INTERNAL DIGITAL GROUND
v 30 ( T 1
N
INT % TO SWITCH DRIVERS +—
- FROM COMPARATOR OUTPUT — 35)
~70KQ
SLOCK fosc ] 62v
n Locic control [ YV V1 A~ TEST
|vm | 5000
=1V
INTERNAL DIGITAL GOUND 2%,
40 39 38 1 pv-
0scy 0sCz LR 0sC3 DISPLAY
3 ose HOLD
1
Cosc
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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 ICL7116 based systems may be
upgraded with minor changes to external, passive
components (see “Component Selection”).

The TSCB810 incorporates a display hold
(HLDR) function. The displayed reading will remain
indefinitely as longas HLDR is held high. Conversions
continue but the output data display latches are not
updated. The Vggr- or reference low input is not
available as it is with the TSC7136. Vrgg- 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 3% digit
converters, eliminating the need for a costly, space
consuming external reference source.

The TSC810 limits linearity errorto 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 1pA leakage currents and a 10'2Q) input impe-
dance. The 15uV,,_;, 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. Onboard 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 TSCB810 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.

TYPICAL APPLICATIONS

Thermometry

Digital Meters

— Voltage/Current/Power
— 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 Vgrer TempCo
TSC810CPL 40-P|'n 0° to 70°C 75ppm/°C Max

Plastic

40-Pin

1 o 0 o

TSC810RCPL Plastic 0° to 70°C 75ppm/°C Max

40-Pin o o o
TSC8101JL CerDIP -25° to 85°C  100ppm/°C Max

44-Pin R . o
TSC810CLW PLCC 0° to 70°C 75ppm/°C Max
TSC810CKW :‘;F n 0° to 70°C 75ppm/°C Max
TscstocpL/pie  20-Pin 0° 0 70°C  75ppm/°C Max

Plastic

40-Pin o o o
TSC8101JL/BI2 CerDIP -25° to 85°C  100ppm/°C Max

Notes:

1.
2.
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Pin Configuration

TSC810CLW
(PLCC)

HOR[T] @ et 30 0scy osci[7 ] @ S 40 ] HIDR
012 NORMAL 39 ] 0sc, osc;[Z REVERSE 35 )0,
o 5] PIN CONFIGURATION Faa) oscs osca[5] PINCONFIGURATION =)
1
B[4 37 ] TeEST TesT 4 | 3718
s a3 36 ] Vher VRer[5 3% A1 s
F e 35 ] V+ v+ [6 35 ] Fy
6 [T [32] Cer Chee[7 VNN 34] Gy
g [E 33 ] CReF Crer[8 33 &1
— ALOG ANALOG
°2[(3] TscstocPL 32 | common COMMDN% TSC810RCPL [32]02
i [0 1] C;
¢ (G0 TSC8101JL 31 ]vin Vin 31]C;
10s B2 30 JVin Vin[11 30 ] B2 10
A2 3z 29 |Caz caz[32 29 | A2
F2[03 28 ] VBuFF Veurr[13 28] F2
E2 12 27 JViNT vinr[4 27 | E2
T o3G5 (2 v~ - 6] 0
D315 26 |V v-s 26 |03
w0 2318 25 ]G2 G216 25 |83 100
F3 a7 24]c3 o0, 1005 c3[7 24 |F3
E3 [ 23 | A3 Az[g 23] €3
1000's—ABg [13 22 ]G3 6309 22 ] ABq - 1000's
poL [20 21 e 8r[20 POL
(MINUS SIGN (BACK PLANE) (BACK PLANE) (MINUS SIGN)

TSC810CKW
(FLAT PACKAGE)

[r2][3[[x4][rs][s6][17][18][19] [20][21][22

P T & o N o
TLpguLagEILENS

EJE
3 E
E,!g
a8, [R]
poL[R]
ne(B]
8P ([B]
o,lz
A;E
c,[g
6,[8]

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
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Absolute Maximum Ratings

Supply Voltage (V* to V)

NEW PRODUCT INFORMATION

15V Operating Temperature
Commercial Package (C)
Industrial Package (1)

Storage Temperature

Lead Temperature (soldering, 60 vsec)

Analog Input Voltage (either input)! .... V*to V-
Reference Input Voltage ............... V*to V-
Clock Input .........cooviiiiinn., TEST to V*
Power Dissipation?
CerDIP Package (J) .........cc.oounn. 1000mwW
Plastic Package (P) "................... 800mwW
Plastic Leaded Chip Carrier (L) ........ 800mwW fiolds
Plastic Flat Package (K) ............... 800mwW '

0° to +70°C
-25° to +85°C
-65° to +160°C

. +300°C

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

Electrical Characteristics: Vsyppry = 9V, foLock = 16kHz and Ta = 25°C unless otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input Section
_ . Vin = 0.0V, . Digital
Zero Input Reading VEs = 200.0mV 000.0 £000.0 +000.0 Reading
_ . . VIN = 0.0V, _ o
Zero Reading Drift 0°C < Tp < 70°C 0.2 1 uv/°eC
. . . . VIN = VREF 999 Digital
Ratiometric Reading Vagr = 100mV 999 1000 1000 Reading
NL Linearity Error Vgs = 200mV or 2.000V -1 +0.2 +1 Counts
ViN™ = VIN' _ "
Egr Rollover Error ~ 200.0mV 1 +0.2 +1 Counts
. V|N = 0.0V, _ _
En Noise Vs = 200.0mV 15 MW p
L Input Leakage Current VN = 0.0V — 1 10 pA
Common Mode Vem = £1V, Viy = 0V, _ _
CMRR  Rejection - Vrs = 200.0mV %0 HIN
Scale Factor Vin = 199.0mV,
TCsr Temperature 0°C < Tp < 70°C, —_ 1 5 ppm/°C
Coefficient (ext. Vger tc = Oppm)
Analog Common Section
250KQ from V* to
Analog Common,
oo TepSeommen @G=TA =0
cTC Coefﬁ‘icient “C” Commercial —_ 35 75 ppm/°C
-25°C =< Tp =85°C
“I” Industrial — 35 100 ppm/°C
+
Vo Analog Common 250KQ from V* to 27 305 335 Volts

Voltage

Analog Common
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Electrical Characteristics: Vsyppy = 9V, foLock = 16kHz and Ta = 25°C unless otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
LCD Drive Section?®
LCD Segment + -
Vsp Drive Voltage Vitovm =9V 4 5 6 Vo-p
LCD Backplane + - _
Vso Drive Voltage Vitovr =9V 4 ° 6 Vo-p
Power Supply Section
ViN = 0.0V,
V*to V- =9V
Isup Power Supply Current fosc = 16kHz . 70 100 Py
fosc = 48 kHz —_ 90 125 LA
Notes:

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

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

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

1 2 HLDR Hold pin, logic 1 holds present display reading
2 3 D4 Activates the D section of the units display

3 4 Cq Activates the C section of the units display

4 5 B4 Activates the B section of the units display

5 6 Aq Activates the A section of the units display

6 7 Fq Activates the F section of the units display

7 8 G4 Activates the G section of the units display

8 9 Eq Activates the E section of the units display

9 10 Do Activates the D section of the tens display

10 1 Co Activates the C section of the tens display

" 13 Bo Activates the B section of the tens display

12 14 Ao Activates the A section of the tens display

13 15 Fo Activates the F section of the tens display

14 16 Eo Activates the E section of the tens display

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

40-pin 44-pin

DIP PLCC Name Function

16 18 Bs Activates the B section of the hundreds display
17 19 F3 Activates the F section of the hundreds display
18 20 Ej 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 Az Activates the A section of the hundreds display
24 27 Cs Activates the C section of the hundreds display
25 28 Go Activates the G section of the tens display

26 29 V- Negative power supply voltage

27 30 VINT Integrator output, connection for Cint

28 31 VBUFF Buffer output, connection for RNt

29 32 Caz Integrator input, connection for Caz

30 33 ViN Analog input low

31 35 Vin* Analog input high

32 36 COM Analog Common: Internal zero reference

33 37 CREef~ Connection for one side of Cgrgr

34 38 Crert Connection for the other side of Crgr

35 39 v+ Positive power supply voltage

36 40 VRese* Reference input high

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

38 42 OSC3 Oscillator control (see “Oscillator Section”)

39 43 0OSC, Oscillator control (see “Oscillator Section”)

40 44 OSC4 - Oscillator control (see “Oscillator Section”)
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0.1uF DISPLAY HOLD

34 33 1

Cher HLOR

LCD DISPLAY

CReF
O'GO—W—_L—— Vin

ANAL

INPUT oo0FT=
- Vin

2-19
22-25|DRIVE

POL|

8P

321 ANALOG

COMMON

28 v
Vaurr PN 240
047 4F TSC810

29
H Caz

T vy

180 k&2

Vher

0.15 uF _
Vpirk -

0sC, 05C;  0SCY

39 |3a Cosc |40
RoxAAA

W
560 k(2

1 CONVERSION/SEC

-

50 pF

TO ANALOG COMMON
(P32)

Figure 1: Typical Operating Circuit

GENERAL THEORY OF OPERATION
Dual Slope Conversion Principles

The TSCB810 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 (T nT), measured by counting clock pulses. A
constant reference voltage of the opposite polarity is
then integrated until the integrator output voltage re-
turnsto zero. The reference integration (deintegration)
time (TpginT) is then directly proportional to the un-
known input voltage (V|n).

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:

|

RiNnT CiINT "0

T
'C:N () dt = Vrer ToeINT

RinT CinT

OMPARAIOR

CONTROL
LOGIC

\V
SWITCH DRIVER

PHASE CONTROL

[

cLock

REF
VOLTAGE

POLARITY CONTROL

l DISPLAY %

FIXED |
SIGNAL ARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

vt

COUNTER

Vin ® 12 VEuLLSCALE

INTEGRATOR OUTPUT

T
M|

Figure 2: Basic Dual Slope Converter

30

i
3 0
= 1 |
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£ \V2al H
=
o
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é [ \/ 4 ‘\ | ' i
b
v/ S
H 7 i i
- 10 i 1
2 [ [ |
= |
z i
] / T - MEASUREMENT PERIOD
L i

ovT T 10/7

INPUT FREQUENCY

Figure 3: Normal-Mode Rejection of Dual
Slope Converter

where: Vrer = Reference Voltage
T\nT = Integration Time
TpeinT = Deintegration Time

For a constant T|nT:

ToeNT
TinT

ViN = VRer
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Accuracy in adual slope converteris unrelated
to theintegrating 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 “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

w1 [

1-2000 l
\ e ‘

DE-INT

2

4000

Figure 4a: Conversion Timing During
Normal Operation

Flﬂﬂo-—’l I
INT

AZ —-I ’
g wn L

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 15uV.

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 Vy*and Viy~. 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:

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, V|5~ 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 thatsignals less than 1 LSB are correctly
determined. Thisallows 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 (TpgnT) for the
integrating amplifier to reach zero is directly propor-
tional to the amplitude of the voltage that was put on
the integrating capacitor (VinT) during the integration
cycle:

Rint (CiNT) (VinT)
VRer

ToeINT =

The digital reading displayed is:
+ oy -

Digital Count = 1000 YN~ VIN"
VRer

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.

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:

TINT = iom = 1000 Counts
fosc

Where fosc is the externally set clock frequency.

3) Reference Integrate: 0 to 2000 Counts
4) Integrator Output Zero: 11 to 640 Counts

The TSC810 is a drop in replacement for the
TSC7116 and ICL7116. The TSCB810 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 3% 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 driveris 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
VNt and V)~ are reversed then this indicator would
reverse.

TEST Function (TEST)

On the TSCB810, 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 segmentdrive assign-
ment are shown in Figure 5.

I— 1060's—r|00's —1—10‘1 —-[—l‘s ;|

1888

DISPLAY FONT

0123456189

Figure 5: Display FONT and Segment Assignment

HOLD Reading Input (HLDR)

When HLDRisata 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 70kQ (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 0.47uF capa-
citor is recommended for 200mV full-scale applica-
tions where 1LSB is 100uV. A 0.10uF capacitor should
be used for 2.0V full-scale applications. A capacitor
with low dielectric absorbtion (Mylar) is required.

Reference Voltage Capacitor - Crer

The reference voltage used to ramp the inte-
grator output voltage back to zero during the reference
integrate cycle is stored on Crgr. A 0.1uF capacitor is
typical. If the application requires a sensitivity of
200mV full-scale, increase Cgrgr to 1.0uF. Rollover
error will be held to less than 2 count. A good quality,
low leakage capacitor, such as Mylar, should be used.

Integrating Capacitor - CjnT

CinT 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 (fogg = 48kHz), a .047uF value is

suggested. For one reading per second, 0.15uF is
recommended. If a different oscillator frequency is
used, C;nt must be changed in inverse proportion to
maintain the nominal £2V integrator swing. An exact
expression for Cyr is:

4000 Vg

CinTs — =
VinT RinT fosc

where:

fosc = Clock frequency at Pin 38

Vgs = Full-scale input voltage

RiNT = Integrating resistor

VinT = Desired full-scale integrator output swmg

CynT must have low dielectric absorption to
minimize roll-overerror. A polypropylene capacitor is
recommended.

Integrating Resistor - RINT

The input buffer amplifier and integrator are
designed with class A output stages which have idling
currents of 6uA. The integrator and buffer can supply
1uA 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, RynT should be about 180kQ. A 2.0V full-scale
requires about 1.8MQ.

Oscillator Components - Rosc, Cosc

The internal oscillator has been designed to
work best when Cogsg is equal to 50pF. Rosc should
be selected from the table below. Note that fogc is
divided by four to generate the TSC810 internal
control clock. The backplane drive signal is derived
by dividing fosc 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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] - COSC

(50 pFd)
TSC810

'0SC

- |

Figure 6a: TSC810 Oscillator Connection

Cosc = 50pF

Oscillator Convertions Rosc
Freq. (kHz)* per Sec. (kQ)
60 3.75 100

50 3.125 123

48 3.0 130

40 25 160

16 1.0 470

* Approximate
Figure 6b: Suggested Rosc Values

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 (VRer)

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
2000Ib/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 hoid.

DEVICE PINFUNCTIONAL DESCRIPTION
Differential Signal Inputs (ViN*, VINT)

The TSCB810 is designed with true differential
inputs and accepts input signals within the input
stage common mode voltage range (Vcm). The typical
range is V* - 1.0to 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 Vg~ 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 Vg exists in conjunction
with a full-scale negative differential signal. The nega-
tive signal drives the integrator output positive along
with Vowm (Figure 8). For such applications the inte-

e

SEGMENT LCD DISPLAY

N 23y
7]

MEASURED VeuF
SYSTEM

+
Vin

ViN

Caz  VINT

4™ TSC810

ANALOG .

POL BP
oscy

oses

SC2

vt v

COMMON _ .

o}
VREF_v' HLDR V-
VAV

POWER SOURCE

N
i

Figure 7: Common-Mode Voltage Removed in Battery Operation with V| Analog Common
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INPUT
BUFFER

INTEGRATOR

t 2
VItg, [VCM - le
Vem where:
| Ty = INTEGRATION TimE = 4200
Cy = INTEGRATING CAPACITOR
Ry = INTEGRATING RESISTOR

Figure 8: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # ViN)

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, Crer
should be large compared to stray node capacitance.
A 0.1pF capacitor is a typical value.

The TSC810 offers a significantly improved
Analog Common temperature coefficient. This pro-
vides a very stable voitage 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 100uA. This FET will hold the
common line at3.0V below V* should an external load
attempt to pull the common line toward V*. Analog
common source current is limited to 1uA. Analog
common is therefore easily pulled to a more negative
voltage (i.e. below V* - 3.0 V).

The TSC810 connects the internal Vi\* and
VN~ inputs to Analog Common during the Auto Zero
cycle. During the reference integrate phase Vi~ is
connected to Analog Common. If V™ is notexternally

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 V)y~ are usually
connected, removing common-mode voltage con-
cerns. In systems where VN~ is connected to the
power supply ground or to a given voltage, Analog
Common should be connected to VN~

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- > 70V), Analog Common is a very stable
potential with excellent temperature stability (typically
35ppm/°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 500Q re-
sistor. The TEST pin may be used to sink up to TmA.
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 500Q
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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GND
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TOLCD
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Simple Inverter for Fixed Decimal Point
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D=~ |
0—] HLDR 8p !
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TSCB10 Jostn: -:j:.j RE
SELECT _ : POINTS
|

TEST

D+

I
|
4030
—d
GND

Multiple Decimal Point or
Annunciator Driver

Figure 9: Display Annunciator

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

INTERNAL VOLTAGE REFERENCE

Liquid Crystal Display Sources

Several LCD manufacturers supply standard
LCD displays to interface with the TSC810 3" digit
analog-to-digital converter.

> 240 k2
>

1. Contact LCD manufacturer for full product listing/specifications.

Manu- Representative
The TSC810 Analog Common voltagetemper- ~ facturer  Address/Phone Part Numbers!
ature stability has been significantly improved. This  Crystaloid 5282 Hudson Dr., C5335, H5535,
improved device can be used to upgrade old systems  Electronics Hudson, OH 44236 T5135, SX440
and design new systems without external voltage 216/655-2429
references. External Rand Cvaluesdonotneedtobe  AND 770 Airport Bivd., FE 0801
changed, however, noise performance will be im- Burlingame, CA 94010 FE 0203
proved by increasing Caz (See Auto Zero Capacitor 415/347-9916
section). Fig 10 shows Analog Common supplyingthe =~ EPSON _?_415 Kashgzw& f?c;é tg_a;gggiz
orrance, -
necessary voltage reference for the TSC810. 213/534.-0360
Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903
v Lake Mills, WI 53551
I—«ll}lT———vL 414/648-2361
26 . Note:
VT vt :
B4l

TSC810

+
VREF

>
Sk
b3

HIOR VREF

ANALOG
COMMON

SET VREF = 1/2 VFULL SCALE

Figure 10: TSC810 Internal Voltage
Reference Connection
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+5V
- I35 THOLD )
3 1 )READING .
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Figure 11: Single +5 Voit Supply Using TSC7660
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Figure 12: Temperature Sensor

Figure 13: Positive Temperature Coefficient Resistor
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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 15uVpp

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 (600uW Typical, imW Maximum)

LCD DISPLAY

g 8 8

=~

1r l l
l é“wv Caz ==cir
VE‘ JCrer VBurf v wr

COMPARATOR

LOW TEMP
[~ COEFFICIENT

VOLTAGE
REFERENCE

10 pF

10
DIGITAL
SECTION

P TSC811 I

5 o

LCD SEGMENT DRIVERS J

TYPICAL SEGMENT QUTPUT

INTERNAL DIGITAL GROUND

7 SEGMENT| |7 SEGMEN

v DECODE DECODE

05mA

SEGMENT
OUTPUT
DATALATCH J

2mA

FROI

THOUSAND [=-{ HUNDREDS TENS ._._.4

TO SWITCHDRIVERS «——t
M COMPARATOR OUTPUT

CLOCK

'oscm
L

INTERNAL DIGITAL GROUND

e

Q
HLDR

BACKPLANE




TSC811

NEW PRODUCT INFORMATION

GENERAL DESCRIPTION

The TSC811 is a low power, 3% 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 TSCB811 display hold (HLDR) function
canbe 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 7106/26/36 can
easily be upgraded to include the hold function with
the TSC811.

The TSCB811 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 3% digit
converters, eliminating the need for a costly, space
consuming external reference source.

The TSC811 limits linearity errorto 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 1pA leakage currents and a 10'2Q) input impe-
dance. The 15uV,_,, 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 3'% digit analog to digital
converter to directly drive an LCD display. Onboard
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.

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

B Thermometry

m Digital Meters

— Voltage/Current/Power
— pH Measurement

— Capacitance/Inductance
— Fluid Flow Rate/Viscosity
— Humidity

— Position

Panel Meters

LVDT Indicators

Portable Instrumentation
Digital Scales

Process Monitors
Gaussmeters

Photometers

Ordering Information

Temperature
Part No. Package Range Vger TempCo
TSC811CPL 40-Pin 0° to 70°C 75ppm/°C Max
Plastic
TscetRepL 20PN 0o 10 70°¢ 75ppm/eC Max
Plastic
40-Pin _oRo ° o
TSC8111JL CerDIP 25° to 85°C  100ppm/°C Max
TSCBIICKW AP 0°1070°C  75ppm/°C Max
44-Pin R R o
TSC811CLW PLCC 0° to 70°C 75ppm/°C Max
40-Pin
2 o o °
TSC811CPL/BI CerDIP 0° to 70°C 75ppm/°C Max
40-Pin
2 _o5o o o
TSC8111JL/BI CerDIP 25° to 85°C  100ppm/°C Max

Notes:
1. Reversed pin-out
2. 160 Hour, 125°C Burn-in
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Absolute Maximum Ratings

Supply Voltage (V¥ to V7) .....ovvivinniinn 15V Operating Temperature

Analog Input Voltage (either input)! .... V*to V- Commercial Package (C) .......... 0° to +70°C
Reference Input Voltage ............... V*to V- Industrial Package (I) ........... -25° to +85°C
Clock Input .........ooiiiiiiinnt, TEST to V*  Storage Temperature ............ -65° to +160°C
Power Dissipation? Lead Temperature (soldering, 60 sec) . +300°C
CerDIP Package (J) ........ccvvnnnnn 1000mW . - . . ) ~
Plastic Package (P.K) «............. .. BOOMW  ductive material 1 proteot against staic discharge and statc
Plastic Leaded Chip Carrier (L) ........ 800mW fields. ’

Electrical Characteristics: VsyppLy = 9V, foLock = 32.768kHz and Ta = 25°C unless otherwise noted.

TSCs811
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input Section
_ . Vin = 0.0V, } N Digital
Zero Input Reading VEs = 200.0mV 000.0 _000‘.0 +000.0 Reading
_ . . VIN = 0.0V, . o
Zero Reading Drift 0°C < T, < 70°C 0.2 1 uv/eC
_ . . . Vin = VREF, 999 Digital
Ratiometric Reading Vrgr = 100mV 999 1000 1000 Reading
NL Linearity Error VEg = 200mV or 2.000V -1 +0.2 +1 Counts
VINT = VIN' _
Er Rollover Error ~ 200.0mV 1 +0.2 +1 Counts
. V|N = 0.0V, _ .
En Noise VEs = 200.0mV 15 MWVp-p
I Input Leakage Current  Vj\ = 0.0V — 1 10 PA
Common Mode Vem = £1V, Viy = 0V, _ _
CMRR  Rejection Vs = 200.0mV %0 N
Scale Factor Vin = 199.0mV,
TCsr Temperature 0°C < Ta < 70°C, —_ 1 5 ppm/°C
Coefficient (ext. VRer tc = Oppm)
Analog Common Section
250KQ from V* to
Analog Common Analog Common,
Vete Temperature 0°C = Tp =70°C
Coefficient “C” Commercial — 35 75 ppm/°C
“I” Industrial —_ 35 100 ppm/°C
+
Vo Analog Common 250KQ from V* to 27 305 335 Volts

Voltage

Analog Common
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Electrical Characteristics (continued)
VsuppLy = 9V, foLock = 32.768kHz and Tp = 25°C unless otherwise noted.

TSCé811

TScCs!
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Hold Pin Input Section
Input Resistance Pin 1 to Pin 37 — 70 — kQ
Vi Input Low Voltage Pin 1 — — Test +1.5 Vv
ViH Input High Voltage Pin 1 vVt -15 — — \"
LCD Drive Section3
LCD Segment + -
Vsp Drive Voltage V*to V- =9V 4 5 6 Vp-p
LCD Backplane " -
Vsp Drive Voltage Vito V=9V 4 5 6 Vo-p
Power Supply Section
VIN = 0.0V,
V*to V- =9V
Isup Power Supply Current fosc = 16kHz . 70 100 uA
fosc = 48 kHz — 90 125 LA
Notes:

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

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

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

1 2 HLDR Hold pin, logic 1 holds present display reading
2 3 D4 Activates the D section of the units display
3 4 C4q Activates the C section of the units display
4 5 B4 Activates the B section of the units display
5 6 Aq Activates the A section of the units display
6 7 Fq Activates the F section of the units display
7 8 Gy Activates the G section of the units display
8 9 Eq Activates the E section of the units display
9 10 Dy Activates the D section of the tens display
10 1 Co Activates the C section of the tens display
" 13 Bo Activates the B section of the tens display
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Pin Descriptions (continued)

40-pin 44-pin

DIP PLCC Name Function

12 14 Ao Activates the A section of the tens display

13 15 Fo Activates the F section of the tens display

14 16 Es Activates the E section of the tens display

15 17 D3 Activates the D section of the hundreds display
16 18 Bs Activates the B section of the hundreds display
17 19 F3 Activates the F section of the hundreds display
18 20 Ej Activates the E section of the hundreds display
19 21 ABy4 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 Gs Activates the G section of the hundreds display
23 26 Az Activates the A section of the hundreds display
24 27 Cs Activates the C section of the hundreds display
25 28 G, Activates the G section of the tens display

26 29 V- Negative power supply voltage

27 30 ViNT Integrator output, connection for CinT

28 31 VBUFF Buffer output, connection for Ryyt

29 32 Caz Integrator input, connection for Caz

30 33 ViN® Analog input low

31 35 Vint Analog input high

32 36 COM Analog Common: Internal zero reference

33 37 VRer™ Reference input low

34 38 Crer™ Negative connection for reference capacitor

35 39 Crert Positive connection for reference capacitor

36 40 VRer" Reference input high

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

38 42 v+ Positive power supply voltage

39 43 0SC», Crystal oscillator output

40 44 0SCq Crystal oscillator input
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Figure 1: Typical Operating Circuit

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 (T nT), measured by counting clock pulses. A
constant reference voltage of the opposite polarity is
then integrated until the integrator output voltage re-
turnsto zero. Thereference integration (deintegration)
time (TpginT) is then directly proportional to the un-
known input voltage (V).

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:

T
1 f " () dt = VRer Toewr
RinT CINT /g RiNT CinT
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Figure 2: Basic Dual Slope Converter
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Figure 3: Normal-Mode Rejection of Dual
Slope Converter

where: Vrer = Reference Voltage
TiNT = Integration Time
Tpent = Deintegration Time

For a constant TiyT:

T
Vin = VRer —2ENT

TINT
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Accuracy inadual slope converteris 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
zeroduring 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 TSC811
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

1000 |
INT
‘ Fmooo—»l '
DE-INT .
j ) ———»I |<-—-n-uo ’
21

Az
! €———910-2900 ——»|
L

|
! - -

Figure 4a: Conversion Timing During
Normal Operation

1000 —3>| r
INT :
[—l:—~ ooz ——>L——
DE-INT .
, 31-340—»[_‘:—
21 I
Az '
| m-s!oAvJ——l:-

| w0 N

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 15uV.

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 Vy\*and Viy~. 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:

Tint=—
fosc

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, Viy~ 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 thatsignals 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 (TpgnT) for the
integrating amplifier to reach zero is directly propor-
tional to the amplitude of the voltage that was put on
the integrating capacitor (V|yr) during the integration
cycle:

RinT CinT Vi
ToenT = INT ZINT VINT

VREF
The digital reading displayed is:
VIN' - ViN
VRer

Digital Count = 1000

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.

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:

TINT = ﬂ)- = 1000 Counts
fosc

Where fogc 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 TSCB811 contains all the segment drivers
necessary to directly drive a 3% 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
Vint and VN~ 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.

i I—IOOE'X—]—WD'S —[—-|0'S —I-—“x ——]

-1 888

DISPLAY FONT

01234561789

Figure 5: Display Font and Segment Assignment

HOLD Reading Input (HLDR)

When HLDR isatalogic “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 70KQ (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 0.47uF capa-
citor is recommended for 200mV full-scale applica-
tions where 1LSB is 100uV. A 0.10uF capacitor should
be used for 2.0V full-scale applications. A capacitor
with low dielectric absorption (Mylar) is required.

Reference Voltage Capacitor - Crer

The reference voltage used to ramp the inte-
grator output voltage back to zero during the reference
integrate cycle is stored on Crgg. A 0.1uF capacitoris
typical. If the application requires a sensitivity of
200mV full-scale, increase Cggr to 1.0uF. Rollover
error will be held to less than 2 count. A good quality,
low leakage capacitor, such as Mylar, should be used.

Integrating Capacitor - CNT

CinT 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

(fosc = 32kHz or 40kHz) and Vg = 200mV, a .068uF
value is suggested. If a different oscillator frequency
is used, CynT must be changed in inverse proportion
to maintain the nominal +2V integrator swing. An
exact expression for CyyT is:

4000 Vg

CNT S — 2
VinT RinT fosc

where:

fosc = Clock frequency at Pin 39

Vgs = 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 - RNT

The input buffer amplifier and integrator are
designed with class A output stages which have idling
currents of 6uA. The integrator and buffer can supply
1uA 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, Ry should be about 180kQ. A 2.0V full-scale
requires about 1.8MQ.

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 fogc is divided by four to generate the TSC811
internal control clock. The backplane drive signal is
derived by dividing fogc 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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Figure 6a: TSC811 Oscillator

Full-Scale Voltage (Vrs)
F?:;"::ﬁ;) 200mv 2.0V
Rint | Cint | Rint | Cint
32.768 180k |0.068uF | 1.8M |0.068uF
40 150k |0.068uF | 1.5M |0.068uF
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 (VRgf)

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
2000Ib/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 PINFUNCTIONAL DESCRIPTION
Differential Signal Inputs (Vin* (Pin 31), v -
(Pin 30))

The TSCB811 is designed with true differential
inputs and accepts input signals within the input
stage common mode voltage range (Vgom). The typical
range is V* - 1.0to V- + 1.5V. Common-mode voltages
are removed from the system when the TSC811
operates from a battery or floating power source
(isolated from measured system) and V)5~ 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 Vg exists in conjunction
with a full-scale negative differential signal. The
negative signal drives the integrator output positive
along with Vg (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.

[T

SEGMENT LCD DISPLAY

Soke3Y

VBUF  Caz VINT POL 8P
MEASURED '_.»
SYSTEM . 05¢4 Ve
Vin
9\ Tscat11 20 M O 40 kHz
Vin 470 k 20pF
ANALOG - osc >
COMMON VREF VREF V' v 2 Vs

A
POWER SOURCE

GND

ST

v

Figure 7: Common-Mode Voltage Removed in Battery Operation with V|y Analog Common
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Figure 8: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)

Reference (VReg* (Pin 36), VRer~ (Pin 33))

Unlike the ICL7116, The TSC811 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 TSC811 is
ideally suited to applications in hand-held multimeters,
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, Cgrgr
should be large compared to stray node capacitance.
A 0.1uF 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 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 100uA. This FET will hold the
common line at3.0V below V* should an external load
attempt to pull the common line toward V*. Analog
common source current is limited to 1uA. Analog
common is therefore easily pulled to a more negative
voltage (i.e. below V* - 3.0 V).

The TSC811 connects the internal Vy* and
VN~ inputs to Analog Common during the Auto Zero
cycle. During the reference integrate phase V|y~ is
connected to Analog Common. If VN~ 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 V|y~ are usually
connected, removing common-mode voltage con-
cerns. In systems where V|y~ is connected to the
power supply ground or to a given voltage, Analog
Common should be connected to VN~

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- > 70V), Analog Common is a very stable
potential with excellent temperature stability (typically
35ppm/°C). This potential can be used to generate
the TSCB811 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) o

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 500Q re-
sistor. The TEST pin may be used to sink up to TmA.
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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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 500Q
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
1mA 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

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 TSC811.

Liquid Crystal Display Sources

Several LCD manufacturers supply standard
LCD displays to interface with the TSC811 3% digit
analog-to-digital converter.

Representative

Manufacturer Address/Phone Part Numbers?

Crystaloid 5282 Hudson Dr., C5335, H5535,

Electronics Hudson, OH 44236 T5135, SX440
216/655-2429

AND 770 Airport Bivd., 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

Representative
Manufacturer Address/Phone Part Numbers
STATEK 512 N-Main CXAV 40.0
Orange, CA 92668
714/639-7810

Ratiometric Resistance Measurements

The TSCB811 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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across the known resistor applied to the reference

input. If the unknown equals the standard, the input ey
voltage will equal the reference voltage and the ) )
. . o . 160k Q300K S 300k
display will read 1000. The displayed reading can be - S —
determined from the following expression: iu
. . R 3 H Tscan
Displayed reading = __UNKNOWN . 1n40 Xwon | *F e
RstanparD 0w Ve
2
The display will overrange for Rynknown = 2 X Vi
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Figure 10: TSC811 Internal Voltage Vaer
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Figure 11: Low Parts Count Ratio Metric
Resistance Measurement
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3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH DISPLAY HOLD

FEATURES

m Auto-Range Operation for AC & DC Voltage and
Resistance Measurements
— Two User Selected AC/DC Current Ranges 20
and 200 mA
W 22 Operating Ranges
— 9 DC/AC Voltage
— 4 AC/DC Current
— 9 Resistance and Low Power Ohms
u Display HOLD Function
m 31/2Digit 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. 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 asingle 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% of full scale—from subsequent measurements.
Typical 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
TSCB815 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 Vpgp 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.

A continuity buzzer output is activated with
inputs less than 1% 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,
aprecision 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

Temperature
Part No. Package Range
60-Pin Plastic Quad
TSC815CBQ Flat Package 0°C to 70°C
E Formed Leads
60-Pin Plastic Quad
TSC815CSQ Flat Package 0°C to 70°C

Straight Leads

Pin Configuration

T
TSC815

LCD SEGMENT DRIVE

Lo

L
BACKPLANES
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Absolute Maximum Ratings

Supply Voltage (Vi to V) ..o 15V
Analog Input Voltage .............c.coevvneiinn.. Vito v~
Reference Input Voltage ....................... vito v~
Voltage atPin43 .................oiiii.. GND 0.7 V
Power Dissipation

Plastic Package ............... ...l 800 mwW
Operating Temperature

“C” DeVICES ...iiiiiiii i 0°C to +70°C

Storage Temperature .................
Lead Temperature (Soldering, 60 sec.)

-65°C to +160°C
........... 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
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 =9V, Ta=25°C, Figure 1 Test Circuit

TEST TSC815
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
200 mV Range w/o 10 MQ) ~
Input Resistor 0000 0000  +0000 Digital
1 Zero Input Reading 200 mV Range w/10 MQ Input -0001 — tooo1 Feading
20 mA and 200 mA Range -0000 0000 +0000
200 mV Range w/o 10 MQ) _ _ +1
Input Resistor -
2 RE Rollover Error 200 mV Range w/10 MQ 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
En Input Noise BW = 0.1 to 10 Hz — 20 — uVp-p
6 AC Frequency Response +1% Error — 40t0500 — Hz
+5% Error — 40 to 2000 —
Open Circuit Voltage
7 for OHM Measurements Excludes 200 () Range — 570 660 mV
Open Circuit Voltage
8 for LO OHM Measurement Excludes 200 ) Range — 285 350 mV
9 Vcom Analog Common Voltage (V+ -Vcom) 25 2.6 3.3 \
Common Voltage °
10 Vere Temperature Coefficient - - 5 ppm/°C
1 Display Multiplex Rate — 100 — Hz
20 mA, AC, |, Tow (1, HOLD
12 ViL Low Logic Input Range, -MEM, OHMs — —_ 1 Vv
(Relative to DIG GND Pin 56)
20 mA, AC, |, Low (), HOLD
13 Logic 1 Pull Up Current Range, -MEM, OHMs — 25 — pA
(Relative to DIG GND Pin 56)
14 Buzzer Drive Frequency — 4 — kHz
15 Low Battery Flag Voltage Vcce to Vssa 6.3 6.6 70 Vv
16 Operating Supply Current - 0.8 15 mA
Note:

1. 200 () range open circuit voltage approximately 2.8 V.
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Pin Description and Function Table 1:

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

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

1 OHM Logic Input. “0” (Digital Ground) for resistance measurement.

2 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.

3 BUZ 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.

4 XTAL1 32.768 kHz Crystal Connection.

5 XTAL2 32.768 kHz Crystal Connection.

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

7 BP1 LCD Backplane #1.

8 BP2 LCD Backplane #2.

9 BP3 LCD Backplane #3.

10 Low (VA LCD Annunciator segment drive for low ohms resistance measurement and current measurement.
1 v LCD Annunciator segment drive for resistance measurement and voltage measurement.
12 K/m/HOLD LCIZ Annunciator segment drive for k (“kilo-ohms”), m (“milli-amps” and “milli-volts”) and HOLD
mode.
13 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD).
(Ones digit).
14 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD.
15 FEO LCD segment drive for “f” and “e” segments of LSD.
16 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD.
17 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten'’s digit).
18 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD.
19 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit).
20 AGD2 LCD segment drive for “a,” “g,” “d” segments of 3rd LSD.
21 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD.
22 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit).
23 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation.
24 —MEM/dBATT LCD annunciator drive signal for low battery indication and memory (relative measurement)
mode.
25 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal
of battery.
26 VCC Positive battery supply connection.
27 COM Analog circuit ground reference point. Nominally 2.6 V below VCC.
28 RMREFH Ratiometric (Resistance measurement) reference high voltage.
29 RMREFL Ratiometric (Resistance measurement) reference low voltage.
30 CREFL Reference capacitor negative terminal CREF = 0.1 uf.
31 CREFH Reference capacitor positive terminal CREF = 0.1 uf.
32 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.
33 OR1 Standard resistor connection for 200 Q full-scale.
34 OR2 Standard resistor connection for 2000 () full-scale.
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Pin Description and Function Table 1:

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

35 OR3 Standard resistor connection for 20 k() full-scale range.

36 OR4 Standard resistor connection for 200 k() full-scale range.

37 QR5 Standard resistor connection for 2000 k() full-scale range.

38 VR3 Voltage measurement + 100 attenuator.

39 VR2 Voltage measurement + 10 attenuator.

40 VR5 Voltage measurement + 10,000 attenuator.

41 VR4 Voltage measurement + 1000 attenuator.

42 Vi Unknown voltage input + 1 attenuator.

43 h Unknown current input.

44 ACVL Low output of AC to DC converter.

45 Cl Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene
dielectric suggested).

46 CAZ Auto-zero capacitor connection. Nominally 0.1 uf.

47 Rx Unknown resistance input.

48 CFI Input filter connection.

49 ADI Negative input of internal AC to DC operational amplifier.

50 ADO Output of internal AC to DC operational amplifier.

51 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator
resistor nominally 220 k.

52 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection.
Integration resistor nominally 150 kQ).

53 ACVH Positive output of AC to DC converter.

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

55 DIG GND Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC.

56 RANGE Input to set manual operation and change ranges.

57 HOLD Input to hold display. connect to DIG GND.

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

59 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance

Q/LOW (1 measurements, the ohms or low power (voltage) ohms option can be selected.
60 T Input to select current measurement. Set to logic “0” (Digital ground) for current measurement.
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Figure 2: TSC815 Analog Section
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3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH DISPLAY HOLD

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) and | (Pin 60) input
controls are normally pulled internally to Vcc.

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) | (Pin 60) Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground

1 = Floating or Tied to Vcc

Notes:

1. ‘(2-)-6I_-)I—M— &lare normally pulled internally high to VCC (Pin

This is considered a logic “1.”

2. Logic “0” 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 (J/LOWQ (Pin 59)
input selects the low power ohms _measurement mode. For
low power ohms measurements (/LOWQ (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,
LOWQ, will be activated. On power up the low power ohms
mode is not active.

If the manual operating mode has been selected, toggling
O/LOW( 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.
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The low power .ohms measurement is not available on the
100 Q 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
200 163.85 () (R1) NO
2000 () 1638.5 () (R2) YES
20 k) 16,358 ) (R3) YES
200 k() 163850 () (R4) YES
2,000 k2 1,638,500 () (R5) YES

N/A = Not available.

R8, a positive temperature coefficient resistor, and the 6.2V
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 Q 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

sl Resir /COUNT
200 163.85 0.1

2k 1638.5 1

20 k 16385 10

200 k 163850 100
oM 1638500 1000
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Figure 3: Ratiometric Resistance Measurement Functional Diagrém

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 m{) 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 | input (Pin 60) low at digital ground potential.
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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 I input (Pin 43). For 20 mA measurements a 10 () resistor
is used. the 200 mA range needs a 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 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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Toe

")

RX=163.85 (

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor
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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 measurements (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 resetthe TSC815 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 2V. The
DC full-scale minimum voltage is 200 mV.

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

Conversion Timing

The TSC815 analog-to-digital converter uses the conven-
tional dual slope integrating conversion teghnique with an
added phase that automatically eliminates zero offset errors.
The TSC815 gives a zero reading with a zero volt input.

The TSC815 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 us. The
total conversion — auto-zero phase, signal integrate and
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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, (}/LO 1) changes. This

Table 5: Manual Range Operation

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 k() 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 outputis 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 indi-
cate continuity. Continuity is defined as a resistance reading
less than 19 counts.

INPUT DC VOLTS AC VOLTS OHM LO OHM

235V 18.2V 18.2 k) 2.35 MQ
RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
POWER-ON 200 mv “1700.0 mV 2V “1”.000 V 200 O “1700.0 0 2kQ  “17.000 kQ
AUTO-RANGE 2V “17.000 V 20V 18.20 V 2 k0 “1”.000 k) 10k “170.00 kQ
OPERATION 20V “1"0.00 V 20 kO 18.20 kQ 200k “1700.0 k2
200 V 235V 2000 kQ “1"350 kO

# of RANGE CHANGES ~ LT~

TLJ~ RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
1 200 V 235V 20V 18.20 V 20 k) 18.20 kQ 2000 k2 “1”350 kQ
M g 2 200 mV “1”00.0 mV 2V “17.000 V 200 “1700.0 Q 2k *17.000 kQ
A E 3 2V 1.000 V 2V 18.20 V 2kQ “1”.000 k2 20k "170.00 k2
3 2 4 20V “1"3.50 V 200 V 182V 20 kO 18.20 k2 200 kQ  “1700.0 kQ
t T 5 200V 235V 600 V 19V 200 kO 18.2 kQ 2000 kQ “1"350 kQ
g 6 1000 V 24V 2V “1”.000 V 2000 kQ 19 kQ 2k "1".000 kQ
7 200 mV “1700.0 mV 20V 18.20 V 200 0 “1""00.0 Q 20k “170.00 kO
8 2V “17.000 V 200 V 182V 2k “17.000 kQ 200 k2 “1700.0 kQ
Notes: 3. A flashing MSD with a non-zero display indicates the TSC815 has entered

1. A flashing MSD is shown as a “1”. A flashing MSD indicates the TSC815 is
over-ranged if all other digits are zero.
2. The first manual range selected is the last range in the auto-ranging mode.

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.

4. 71_I— = momentary ground connection.
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MANUAL ? TSC815
RANGE
SELECT

CONTINUITY ;

INDICATOR

OUTPUT 4 kHz
AUDIO
FREQUENCY

= ®

NO

CONTINUOUS 4 kHz

BUZZER OVER-RANGE
INDICATOR
1S YES
DISPLAY
RX>3000 1" 000
NO 1" = SFLASHING MSD
1s YES* DISPLAY LAST
RX >2000 3 DIGITS AND
H FLASH MSD
EXTENDED
No RESOLUTION
FEATURE
DISPLAY

TRUE
READING

*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION 1S
SELECTED AND 2 M2 <RX <2.999 M

4 .‘ " TSC815
RANGE
SELECT
OUTPUT NON-
CONTINUOUS
4 kHz AUDIO
FREQUENCY
OVER-RANGE INDICATOR
s YES DISPLAY
VX >3000 “1" 000
“1" = >FLASHING MSD
NO
s YES DISPLAY LAST
VX >2000 3 DIGITS AND
> FLASH MSD
EXTENDED RESOLUTION
NO FEATURE
DISPLAY
TRUE
READING

Figure 6: Manual Range Selection;
Resistance Measurement

RANGE
SELECT
NON-CONTINUOUS
VES OUTPUT 4 kHz
AUDIO
FREQUENCY
OVER-RANGE INDICATOR
S0 YES DISPLAY
X / “1" 000
>
“1" = - .FLASHING MSD
NO
1S YES DISPLAY LAST
Iy 2000 3DIGITS
7/ AND FLASH MSD

NO

P e

DISPLAY
TRUE
READING

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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Figure 8: Manual Range Selection;
Voltage Measurement

A few examples clarify operation:

Example 1: In Auto-Ranging

Ri (N) = 18.21 k() (20 k() Range ) = > Display 18.21 k(1
MEM "LJ™ = > Store 0.21 k()

Ri (N+1) = 19.87 k() (20 k) Range)
= > Display 19.87 - 0.21 = 19.66 k()
Ri (N+2) = 22.65 k() (200 k) Range)
= > Display 22.7 k() & MEM Disappears
Example 2: In Fixed Range 200.0 () Full-Scale
Ri (N) = 18.2 (1 = > Display 18.2 )
MEM "LJ™ = > Store 8.2 (1
Ri (N+1) = 36.7 O
=> Display 36.7 - 8.2 =28.5 ()
Ri (N+2) =5.8 O
=> Display 5.8 - 8.2 =-24 ("

* 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 “LJ™ => 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) =-5.21V
=> Display -5.21 - 0.51

-5.72V
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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,(/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 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, (V/LOMN).

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) 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 () 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(.

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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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(2
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.

* TSCB1S

N=0IF DC
N=1IF AC
N=0; 200.0 mV FULL-SCALE RANGE
N=1,2000V FULL-SCALE RANGE
N=Ny
(REMAIN IN RANGE SELECTED
K DURING THE K th CONVERSION)
L
CONVERSION
V= (17108 vy N=N-1
YES N=01FDC
vy <180 N=1IFAC
? ?
NO YES
NO DISPLAY
Vx >2000 VOLTAGE (Vy) K=K+1
>
YES
NO
N=N+1 N=4
?
EXTENDED
YES RESOLUTION
NO  JoisPLAY “1” XXX
Vx >3000 FLASH MSD
?
YES ACTIVATE
BUZZER
OVER-RANGE
DISPLAY “1” 000
FLASH MSD

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 9: Auto-Range Operation;
Voltage Measurement




TSC815

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

N=0IFQ
N=1IFLOQ

N Tsc815

N =0; 200.0 Q2 FULL-SCALE RANGE
N =1; 2.000 k2 FULL-SCALE RANGE

Kth
CONVERSION

{ REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)

1
R

N
10N

Ry =

CONTINUITY
INDICATOR

ACTIVATE
BUZZER

—1 N=N+1

DISPLAY
RESISTANCE K=K+1

OVER
RANGE

DISPLAY
DISPLAY “1” XXX “1" 000
FLASH MSD FLASH MSD
EXTENDED RESOLUTION ’
YES
START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE
Figure 10: Auto-Range Operation;
Resistance Measurement
5
T C
VCC O-
L LOW BATTERY DETECTOR
<
> R
b
V¢
TO LCD
COM-
> R. ANNUNCIATOR
<
3 PARATOR SELECTION
Pe LOGIC
< Ry
< y/
'\‘ TSC815
VZ ~62V
V- 7 Rz
T=7X =62V
R, &+ Rz
VSSA N
T

LOW BATTERY ANNUNCIATOR DISPLAYED FOR Vgyppy <7 V

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 TSCB815 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 havingazero 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 =3V
An “OFF” LCD segment has an RMS voltage of Vp/3 across it

or 1 volt. An “ON” segment-hasa 0.63 Vp signal across it or
1.92 V for VCC-VDISP =3 V.

Since the VDISP pin isavailable 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.

[}
N 2
¢
>
:; 50 k
Q
Vi ~————]
10
TRIPLEX L
SEGMENT S50k
DRIVE
LOGIC
Vi
SET VDISP
FOR PROPER V|
50 k WITH RESISTIVE
RN DIVIDER
'\ Tscs1s
r“_._ovmsr
DA
—0¢

Vp = VCC - VDISP
“OFF” = Vp/3 RMS

wonv - Y1 v, Rus

3v3

Figure 11: Low Battery Detector

Figure 12: 1/3 Bias LCD Drive
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The TSC815 is designed to operate with a 32,768 Hz crystal.
This frequency is internally divided by two to give a 61.04 us
clock period. One conversion takes 8000 clock periods or
. . . X 488.3 msec (= 2 conversions/second). Integration time is
The T$0815 internally generatest\{vo_mtermgdlate ITCD drive 1638.5 clock periods or 100 ms.

potentials (VH & VL) from a resistive divider (Figure 12) . X . . .
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe- The 32 kHz quartz crystal is readily available and inexpensive.
dance is approximately 150 k(. This drive method is The 32 kHz crystal is commonly used in digital clocks and

“OFF” segments may become visible at high LCD operating External Crysta|
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.

commonly known as 1/3 bias. With Vpisp connected to digital counters.

ground Vp=50 V. Several crystal sources exists. A partial listing is:
The intermediate levels are needed so that drive signals ® Statek Corporation

giving RMS “ON” and “OFF” levels can be generated. Figure 512 N. Main

13 shows a typical drive signal and the resulting wave forms Orange, CA 92668

for “ON” and “OFF” RMS voltage levels across a selected (714) 639-7810

LCD element. TWX: 910-593-1355

LCD Displays TELEX: 67-8394

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

Although most users will design their own custom LCD
display, several manufacturers offer standard displays for the
TSC815. Figure 14 shows a typical display available from

Varitronix.

1. Varitronix Ltd. ® |nternational Piezo LTD
9/F Liven House, 61-63, King Yip Street 24-26, Sze Shan Street
Kwun Tjong, Hong Kong Yau Ton, Hong Kong
Tel: 3-410286 TLX: 35454 XTAL HX
TELEX: 36643 VTRAX HX Tel: 3-3501151

Part No.: VIM 310-1 Pin Connector Contact manufacturer for full specifications.

VIM 310-2 Elastomer Connector

USA Office: SEGMENTS

VL Electronics Inc. Lol latatalgt

3161 Los Feliz Blvd. SEGMENTS \ ! H 2:3{ ¢ !5 :6 | appLIED

Suite 303 vl b i | RS VoLTAGE
Vi 1 1

Los Angeles, CA 90039 TP~ TR M v N,

Tel: (213) 661-8883 - l ST vE T

TELEX: 821554 i !

2. Adamant Kogyo Co., LTD. v ' f
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan b(ac'f'aﬁ'i" -vf*“" IR b} VnMs=\/—\1,‘1—Vp
Tel: Tokyo 919-1171 o o

1

)
: 1
v !
_BACKPLANES o(BCP=BP2) G-~ -~ [T ]  Vams = L0 v,
' | T ON"  TyL T I V3
112)314is5061 i |
i Py ! .
!
1 5’: ! ' N :
' d (AGD—BP3) [JRIE m— ! Vaws = oy,
! YONT v 1 3vV3 X
] Ve :
' 1
1
]
1

v,
elFE-BP2)  § 1Tl TT T vgye = -
YOFFY -V, A RMS 3

f{FE—BP1)
“OFF"

H
BP3 glemm— —le e o

1 ) . MO
' ! 9aGD—8P2) G- _[To_ T Vams ® ~ Vp
O i w3
Waveforms to Generate W i

Figure 13: Triplex LCD Drive Waveforms
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50.8 (+0.3 —0.1)
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A' ~ 45.0 VIEWING AREA MIN.
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‘ ' %7} %71 G BETWEEN PADS 254 X 17=43.18 ——— | |
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LT LT
H ]
H 1 |
’19 36
R e} T Wy R .
| |EEd [~ +]} - By e
E—f | e 55—- b olss
22l | IR
il | AC 0 {7‘0‘ OT'- Koz (28
= 5= D ToRs
el e e ][
_Ljns AUTO UD O [t amVA'
MNP m ke F
* 18
g = 02 |]
o : — |l
* - L3 0.2
DIMENSIONS IN MM (NOT TO SCALE) e
11 11
Figure 14: Typical LCD Display Conflguratlon PAD | BP1 | BP2 | BP3 | PAD | COM1| COM2 | COM3
TSC815 Triplex PR e B RN RN R R R
2 4 BP2 / 20 / / 7/
“Buzzer” Drive Signal I A I ICH NI A A
The TSC815 BUZ output (Pin 3) will drive a piezo electric 4 A Bl N N IR B R4
audio transducer. The signal is activated to indicate an input 5 / a2 v 2 / 4 /
overrange condition for current and voltage measurements 6 [HoLD| K m 2% ’ ’ ,
or continuity during resistance measurements. 7 w | | s | =] ], |
During a resistance measurement a reading less than 19 on s a1 | g @ | 2 , , ,
any full-scale range causes a continuous 4 kHz signal to be
s 2 N N N . 9 f1 el / 27 / / /
output. This is used as a continuity indication.
. . 10 b2 c2 P2 28 ’ 7 /
A voltage or current input measurement overrange is indi-
cated by a non-continuous 4 kHz signal at the BUZ output. AL I L O R R R
The LCD display MSD also flashes and the three least signifi- 12 12 02 / 30 / / 4
cant digits are set to display zero. The buzzer drive signal for 3 b3 3 P3 31 / / 7
overrange is‘shown in Figure 15. The buzzer output is active 1 " B | 2 , P ,
for any reading over 2000 counts in both manual and auto- - 5 ; - y p
range operation. The buzzer is activated during an extended ' ° /
resolution measurement. T | b4 | o4 | P4 M|/ 4 4
The BUZ signal swings from VCC (Pin 26) to Digital Ground LA Wt Ml Mol I AN RN N4
(Pin 55). The signal is at VCC when not active. 18 | CF) | -MEM| / 36 / / /
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, (V/LOQ) 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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Figure 15: TSC815 Timing Waveform for Buzzer Output

Display Decimal Point Selection

The TSC815 provides a decimal point LCD drive signal. The
Vendors for piezo electric audio transducers are: decimal point position is a function of the selected full-scale

1. Gulton Industries range as shown in Table 6.

Piezo Products Division Table 6: Decimal Point Selection
212 Durham Avenue 1 e 9 e 9 e 9
Metuchen, New Jersey 08840
(201) 548-2800 Full-Scale Range DP3 DP2 DP1
Typical P/N’s: 102-95NS, 101-FB-00 2000 V, 2000 k) OFF OFF OFF

2. Taiyo Yuden (USA) Inc. 200.0 V, 200.0 k) OFF OFF ON
Arlington Center 20.00 V, 20.00 k(2 OFF ON OFF
714 West Algonquin Road 2.000 V, 2.000 k() ON OFF OFF

Arlington Hts., lll. 60005

Typical P/N's: CB27BB, CB20BB, CB355BB 200.0 mv, 200.0 © OFF OFF ON
20.00 mA OFF ON OFF
200.0 mA 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 V/us

® Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

® Output Voltage Swing (Load = 10 k(}) 1.5V
(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 automaticaily selects one of two external inte-
gration resistors. RVIBUF (Pin 52) is selected for voltage and
current measurement. ROBUF (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 = Integrator Swing =*2 V
Ti = Integration Time = 100 ms
Ci = Integration Capacitor = 0.1 uf

|

Vmax = Maximum Input at Vi = 300 mV

VMax(T1)

RVIBUF = 777V 7
VINT (C1)

=150 k()

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 () range with
the manual, extended resolution option.

The input voltage VX (Pin 47) is easily calculated (Figure 16).

Vancom = Potential at Analog Common = 2.7 V
Rs = 220 O

Ri1 = 163.85 ()

Rx = 300 O

Rs = Internal Switch 33 Resistance = 600 ()

(VCC - Vancom) Rx
(Rx + Rs + R1 + Rs)

ROBUF =

=063V

Fora 3.1V i-ntegrator swing the value of ROBUF is easily
calculated:

VINT = Integrator Swing = 3.1 V
Ti = Integration Time = 100 ms
Ci = Integration Cap. = 0.1 uf
Rx Max = 300 Q
Vx Max = 700 mV
rouF = _(VXMAXI M) a0 ka
Ci (ViNT)
Vec=9V

sW33 | Rg ~ 6009

Rq

Rx

ANALOG COMMON = Vec -3V

Figure 16: RO.BUF Calculation (200 () 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 3.1V 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 driftinternal 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
TSC81°¢ 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.

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 Caddock

Accuracy Type Part Number
0.1% Voltage 1776-C441
0.25% Voltage 1776-C44
0.25% Resistance T 1794-204-1

The LCD HOLD annunciator is activated through the triplex
LCD driver signal at Pin 12.

Package Outline

60-Pin Plastic Flat Package

| S— 454
.054 +.004 \ T RN —_— ; P
' ,r\ 15° MAX —_— () — 0315 550 4 o5
T T ——— TYP e *

047 + 004 i .098 — ————
TT ﬂ S + 002 P
| X =
; - PIN 60 —_—

L.050 + .006 .010 MIN

1 L1024 .012 je—
.0075

“BQ” Package — Formed Leads
(Package #21)

PIN 1

PIN 1 INDICATION
DIMPLE OR BUTTON
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TSC816

3 1/2 DIGIT AUTO-RANGING

ANALOG-TO-DIGITAL CONVERTER

WITH 2mA CURRENT RANGE

FEATURES
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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

31/2Digit 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



3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH 2mA CURRENT RANGE

TSC816

GENERAL DESCRIPTION

The TSC816 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 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 asingle 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% 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 Vpgp 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.

A continuity buzzer output. is activated with
inputs less than 1% of full-scale. An overrange-iriput
signal also enables the buzzer, except during resistance
measurements, and flashes the MSD display. Featuring
single 9V 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

Temperature
Part No. Package Range
TscsiecLs  O&Pin Plastic 0°C to 70°C

Leaded Chip Carrier

Pin Configuration

TSC816

31/2 DIGIT AUTO-RANGING ADC WITH
2/20/200 mA CURRENT RANGES AND DISPLAY HOLD

68-PIN PLASTIC LEADED
CHIP CARRIER (PLCC)

odoa [S]

dsian
oaov [~]

=]

2]

zna [2]
1vix [§]
21 [g]
2]

148 [3]

za8 [}

on [~}

£da [5]

v/t Mo [F]
s fo]
arom/w/ [2]
034 [<]

NC = NO INTERNAL CONNECTION
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Absolute Maximum Ratings

Supply Voltage (V 1o V) ..o 15V
Analog Input Voltage .............cocvivninnnn.. Vito V™
Reference Input Voltage ....................... Vito Vv~
Voltageat Pin 43 ................cooouue.. GND *+0.7 V
Power Dissipation

Plastic Package ................. ..ol 800 mW

Operating Temperature

Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec.) ........... 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
in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device

“C" Devices

0°C to +70°C

reliability.

Electrical Characteristics: vs =9V, Ta=25°C, Figure 1 Test Circuit

} TEST TSC816
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
200 mV Range w/o 10 MQ _
Input Resistor 0000 0000  +0000 Digital
. Reading
1 Zero Input Reading 200 mV Range w/10 MQ Input -0001 — 40001
2 mA, 20 mA and 200 mA Range -0000 0000 +0000
200 mV Range w/o 10 MQ _ _ +1
Input Resistor B
2 RE Rollover Error 200 mV Range w/10 M} Input — — *3 Count
2 mA, 20 mA and 200 mA Range — — *1
3 NL Linearity Error Best Case Straight Line — — *1 Count
4 N Input Leakage Current — — 10 pA
5 En Input Noise BW = 0.1 to 10 Hz —_ 20 —_ uVp-p
6 AC Frequency Response +1% Error — 40t 500— Hz
+5% Error — 40to 2000 —
Open Circuit Voltage _
7 for OHM Measurements Excludes 200 () Range 570 660 mV
Open Circuit Voltage _
8 for LO OHM Measurement Excludes 200 () Range 285 350 mV
9 Vcom Analog Common Voltage (V" -Vcom) 25 2.6 3.3 v
Common Voltage _ o °
10 Vere Temperature Coefficient 50 ppm/°C
1 Display Multiplex Rate —_ 100 — Hz
20 mA, AC, |, Cow 0, HOLD
12 ViL Low Logic Input Range, -MEM, OHMs, 2 mA — — 1 Vv
(Relative to DIG GND Pin 54)
20 mA, AC, |, Low Q, HOLD
13 Logic 1 Pull Up Current Range, -MEM, OHMs, 2 mA — 25 — uA
(Relative to DIG GND Pin 54)
14 Buzzer Drive Frequency — 4 — kHz
15 Low Battery Flag Voltage Vce to Vssa 6.3 6.6 7.0 Vv
16 Operating Supply Current — 0.8 15 mA
Note:

1. 200 ) range open circuit voltage approximately 2.8 V.
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Pin Description and Function Table 1:

3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH 2mA CURRENT RANGE

. 68-Pin .
Plastic
Leaded SYMBOL DESCRIPTION
Chip Carrier ’
1 BP2 LCD Backplane #2.
2. NC No Connection.
3 BP3 LCD Backplane #3.
4 Low /A  LCD Annunciator segment drive for low ohms resistance measurement and current measurement.
5 (A LCD Annunciator segment drive for resistance measurement and voltage measurement.
6 K/m/HOLD ;%Ige,i\nnunciator segment drive for k (“kilo-ohms”), m (“milli-amps” and “milli-volts”) and HOLD
7 BCPQ ) LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD).
(Ones digit).
8 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD.
9 FEO LCD segment drive for “f’ and “e” segments of LSD.
10 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD.
11 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit).
12 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD.
13 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit).
14 AGD2 ‘LCD segment drive for “a,” “g,” “d” segments of 3rd LSD.
15 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD.
16 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit).
17 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. -
18 -MEM/BATT Lm(.(‘,’lgea.mnunciator drive signal for‘low battery indication and memory (relative measurement)
19 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal
of battery.
20 vCC Positive battery supply connection.
21 NC No Connection.
22 COM Analog circuit ground reference point. Nominally 2.6 V below VCC.
23 RMREFH  Ratiometric (Resistance measurement) reference high voltage.
24 RMREFL Ratiometric (Resistance measurement) reference low voltage.
25 NC No Connection.
26 CREFL Reference capacitor negative terminal CREF = 0.1 uf.
27 CREFH Reference capacitor positive terminal CREF = 0.1 puf.
28 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.
29 OR1 Standard resistor connection for 200 Q full-scale.
30 OR2 Standard resistor connection for 2000 () full-scale.
31 OR3 Standard resistor connection for 20 k() full-scale range.
32 QR4 Standard resistor connection for 200 k) full-scale range.
33 0OR5 Standard resistor connection for 2000 kQ full-scale range.
34 NC No Connection.
35 VR3 Voltage measurement + 100 attenuator.
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Pin Description and Function Table 1:

68-Pin
Plastic
Leaded SYMBOL DESCRIPTION
Chip Carrier
36 VR2 Voltage measurement + 10 attenuator.
37 VR5 Voltage measurement + 10,000 attenuator.
38 VR4 Voltage measurement + 1000 attenuator.
39 Vi Unknown voltage input + 1 attenuator.
40 Iy Unknown current input.
41 ACVL Low output of AC to DC converter.
42 COMP Comparator Output.
43 NC No Connection.
44 cl Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene
dielectric suggested).
45 CAZ Auto-zero capacitor connection. Nominally 0.1 uf.
46 Rx Unknown resistance input.
47 CFI Input filter connection.
48 ADI Negative input of internal AC to DC operational amplifier.
49 ADO Output of internal AC to DC operational amplifier.
50 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator
resistor nominally 220 k().
51 RVIBUF Active byffer output for yoltage and current measurement. Integration resistor connection.
Integration resistor nominally 150 k().
52 ACVH Positive output of AC to DC converter.
53 VSSA Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery.
54 DIG GND Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC.
55 STATUS Logic Output Signal.
56 RANGE Input to set manual operation and change ranges.
57 HOLD Input to hold display. connect to DIG GND.
58 VEWM Input to enter memory measurement mode for relative measurements. The two LSD’s are stored
and subtracted from future measurements.
59 2mA Logic Input. “0” (Digital Ground) for 2 mA full-scale current measurement.
60 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance
O/LOW (1 measurements, the ohms or low power (voltage) ohms option can be selected.
61 T Input to select current measurement. Set to logic “0” (Digital ground) for current measurement.
62 OHM Logic Input. “0” (Digital Ground) for resistance measurement.
63 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.
64 BUZ Audi.o frequency, 4 }<Hz, output for coptirjuity indif:ation during resista.nce measurement. A non-
%oerg ﬂng%ﬁtngz signal is output to indicate an input overrange during voltage or current
65 XTALA1 32.768 kHz Crystal Connection.
66 XTAL2 32.768 kHz Crystal Connection.
67 VDISP Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for
temperature variation of LCD crystal threshold voltage.
68 BP1 LCD Backplane #1.
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Figure 1: Typical Application & Test Circuit
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Figure 2: TSC816 Analog Section




TSC816

3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH 2mA CURRENT RANGE

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 | (Pin 61) input
controls are normally pulled internally to Vcc.

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) | (Pin 61) Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground
Notes:
1. OHM &Tare normally pulled internally high to VCC

(Pin 20).
This is considered a logic “1.”

1 = Floating or Tied to Vcc

2. Logic “0” 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 (/LOWQ (Pin 60)
input selects the low power ohms measurement mode. For
low power ohms measurements Q/LOWQ (Pin 60) is momen-
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,
LOWQ, will be activated. On power up the low power ohms
mode is not active. ‘

If the manual operating mode has been selected, toggling
Q/LOWQ 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 Q 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 Q (R1) NO
2000 Q 1638.5 () (R2) YES
20 kQ 16,358 O (R3) YES
200 kQ 163850 () (R4) - YES
2000 kQ 1,638,500 () (R5) 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 Q 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

Falscal i
200 163.85 041

2k 1638.5 1

20 k 16385 10

200 k 163850 100
2M 1638500 1000

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 MQ input impe-
dance the divider network impedances may be lowered. This
will reduce voltage offset errors induced by switch leakage
currents.
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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 | input (Pin 61) low at digital ground potential.
The OHM input (Pin 62) is left floatmg 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 Iy input (Pin 40). For 2 mA full-scale current range a 100 ()
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resistor is used. For 20 mA measurements a 10 Q resistor is
used. the 200 mA range needs a 1 Q 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 Q) trace resistance will cause a 5% current to
voltage conversion error at I (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.
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3 1/2 DIGIT AUTO-RANGING
ANALOG-TO-DIGITAL CONVERTER
WITH 2mA CURRENT RANGE

_ 1064V For OHMS |
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Example: 200 k() Full-Scale Measurement
163.85 k()
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Where:
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(d) RX=163.85<

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor
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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 TSC816 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
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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

The 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 TSCB816 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 us. 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

mode until the measurement function (voltage or resistance)
or measurement option (AC/DC, (/LO ) changes. This
causes the TSC816 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 TSC816 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 k() 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 outputis enabled for input voltage
and current signals with readings greater than 2000 countsin
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

235V 18.2V 18.2 k) 235 M
RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
POWER-ON 200 mV “1700.0 mV 2V “1".000 V 200 0 “1"00.0 0 2kn “17.000 kQ
AUTO-RANGE 2V “17.000 V 20V 18.20 V 2 k0 “1".000 k2 10k “1"0.00 kQ
OPERATION 20V “10.00 V 20 k) 18.20 kQ2 200 kQ  "1700.0 kQ
200 V 235V 2000 k2 “1"350 k)

# of RANGE CHANGES ~LJ~

TLJ RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
1 200 V 235V 20V 18.20 V 20 k) 18.20 k2 2000 k) “1"350 k2
M g 2 200 mv “1700.0 mV 2V “1”.000 V 200 “1"00.0 Q 2k “17.000 kQ
a s 3 2V 1.000 V 20V 18.20 V 2 k0 “1".000 k2 20k “170.00 kQ
U A 4 20V “1"3.50 V 200 vV 182V 20 k) 18.20 k2 200 k2 “1700.0 k2
t .:. 5 200 V 235V 600 V 19V 200 k) 18.2 k2 2000 k) “1"350 kQ
3 6 1000 V 24V 2V “1”.000 V 2000 k2 19 kQ 2k “17.000 kQ
7 200 mV “1"00.0 mV 2V 18.20 V 200 O “1"00.0 0 20k “170.00 kQ
8 2V “1".000 V 200 V 182V 2k “1”.000 k2 200 k2 “1700.0 k2
Notes: 3. A flashing MSD with a non-zero display indicates the TSC815 has entered

1. A flashing MSD is shown as a “1”. A flashing MSD indicates the TSC815 is
over-ranged if all other digits are zero.
2. The first manual range selected is the last range in the auto-ranging mode.
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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.

4. 7L = momentary ground connection.
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MANUAL
RANGE
SELECT
CONTINUITY %
INDICATOR
OUTPUT 4 kHz
AUDIO YES
FREQUENCY -

CONTINUOUS 4 kHz NO
BUZZER OVER-RANGE
' INDICATOR
S YES DISPLAY
o0
NO “1" = >FLASHING MSD

N TSC816

DISPLAY LAST
3 DIGITS AND
FLASH MSD
*MODE ALSO OPERATES WHEN
AUTO-RANGING OPERATION IS EXTENDED
SELECTED AND 2 MQ <RX <2.999MQ ?Eﬁ%lﬂ‘o"

DISPLAY
TRUE
READING

RANGE
SELECT
OUTPUT NON-
CONTINUOUS
4 kHz AUDIO
FREQUENCY
OVER-RANGE INDICATOR
s YES DISPLAY
X 33000 “1” 000
1" = >FLASHING MSD
NO
s YES DISPLAY LAST
VX >2000 3 DIGITS AND
? FLASH MSD
'EXTENDED RESOLUTION
NO FEATURE
DISPLAY " TSC816
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READING

Figure 6: Manual Range Selection;
Resistance Measurement

RANGE
SELECT NON-CONT!NUOUS
ves OUTPUT 4 kHz
AUDIO
FREQUENCY
OVER-RANGE INDICATOR
is
ves . DISPLAY
I >3000 o oa
?
1% = >ELASHING MSD
NO
s VES DISPLAY LAST
1 >2000 3DIGITS
B AND FLASH MSD
NO
"DISPLAY " TSC816
TRUE
READING

Figure 7: Manual Range Selection;
Current Measurement

-MEM Operating Mode

Bringing MEM (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 (<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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Figure 8: Manual Range Selection;
Voltage Measurement

A few examples clarify operation:

Example 1: In Auto-Ranging

Ri (N)'= 18.21 k() (20 k() Range ) = > Display 18.21 k(1
MEM TLJ™ = > Store 0.21 k()

Ri (N+1) = 19.87 k() (20 k) Range)
= > Display 19.87 - 0.21 = 19.66 k()
Ri (N+2) = 22.65 k() (200 k() Range)
= > Display 22.7 k() & MEM Disappears
Example 2: In Fixed Range 200.0 () Full-Scale
" Ri (N) = 18.2 () = > Display 182 (
MEM ~LJ™ = > Store 82 ()
Ri (N+1) =36.7
=> Display 36.7 - 8.2 =285 ()
Ri (N+2) = 5.8
=> Display 5.8 - 8.2 =-2.4 ("
* 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 “LJ™ => Store 0.51 V
Vi (N+1) =368 V
=> Display 3.68 - 0.51 =3.17 V
Vi (N+2) =023V
=> Display 0.23 - 0.51=-0.28 V
Vi (N+3) =-5.21V
=> Display -5.21 - 0.51

-572V
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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
TSCB816 to normal operation.

The “~-MEM” mode is also cancelled whenever the measure-
ment type (resistance, voltage, current, AC/DC,Q/LO Q)
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, Q/LOQ).

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 chartis givenin
Figure 9.

Internal input protection diodes to VCC (Pin 20) and VSSA
(Pin 53) clamp the input voltage. The external 10 MQ 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 () 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 kQ.

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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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
“000.”

The extended resolution feature operates only on the 2000 k()
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.

* TSC816

200.0 mV FULL-SCALE RANGE
1;2000V FULL-SCALE RANGE

N =Ny

(REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)

K th
CONVERSION

vy = (110N vy N=N-1
YES N=01F DC
Vx <180 N=1I1FAC
? ?
NO VES
NO DISPLAY
Vx >2000 | VOLTAGE (vy) [™] K=K+1
)
vES
NO
N=N+1 N=4
)
EXTENDED
VES RESOLUTION
NO  [oisPLAY “17 XXX
FLASH MSD

Vy >3000
?

ACTIVATE
BUZZER

OVER-RANGE

DISPLAY 1" 000
FLASH MSD

[

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 9: Auto-Range Operation;
Voltage Measurement
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&

R rscs s

CONTINUITY
INDICATOR

ACTIVATE
BUZZER

CONTINUOUS 4 kHz
SIGNAL

e BUELER

N=0IF g
N=1IFLOQ N =0; 200.0 2 FULL-SCALE RANGE
N = 1; 2,000 k§2 FULL-SCALE RANGE
( REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)
Kth
CONVERSION
! R
Ry = =~ RIN
X" 10

DISPLAY
RESISTANCE

K=K+1

OVER
RANGE

j DISPLAY 1" XXX
FLASH MSD

DISPLAY
1" 000
FLASH MSD

EXTENDED‘RESOI.UT!ON

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 10: Auto-Range Operation;
Resistance Measurement
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<Ry -
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2: Vz~62V
Rz
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Ry + Ry
(o]
VSSA N

C

&

LOW BATTERY ANNUNCIATOR DISPLAYED FOR VsuppLy <7 V

LoeraHery 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 havinga 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 setata potential 3 V below VCC the
peak drive signal is:

- Vp'=VCC-VDISP =3V
An “OFF” LCD segment has an RMS voltage of Vp/3across it

or 1 volt. An “ON” segment has a 0.63 Vp signal across it or
1.92 V for VCC-VDISP =3 V.

vee
S 2
¢
>
S50k
<P
Vy ~—]
10
TRIPLEX L
SEGMENT 250k
DRIVE >
LOGIC
Vi
SET VDISP .
> FOR PROPER V,
350k WITH RESISTIVE
DIVIDER
".‘TSCB!S
67 O VDISP

Vp = VCC - VDISP
“OFF” = Vp/3 RMS

won = Y1y, Rms
=

3v3

Figure 11: Low Battery Detector

Figure 12: 1/3 Bias LCD Drive
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Since the VDISP pin isavailable 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 LCDdrive
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(). This drive method is com-
monly known as 1/3 bias. With Vpisp 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.

USA OFFICE:

VL Electronics Inc.

3161 Los Feliz Bivd., Suite 303
Los Angeles, CA 90039

Tel. (213) 661-8883

TELEX: 821554

® Adamant Kogyo Co., LTD.
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 us
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.
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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

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.

® Daiwa Sinku Corporation PAD | BP1 | BP2 | BP3 | PAD | coM1| comz | coms
1389, Shinzaike - AZA-Kono ; PR > o P p P
Hirakacho, Kakogawa Hyogo, Japan
Tel: 0794-26-3211 2 /| ee2 | 0 |/ / /
® |nternational Piezo LTD S A A UL BT N T
24-26, Sze Shan Street Contact manufacturer for 4 /o oa A 22 7 ’ /
Yau Ton, Hong Kong full specifications. sl s laelv]al, |/,
TLX: 35454 XTAL HX s |wHoo| . 2 , , ,
Tel: 3-3501151 " ; y - P /
7 ¢ /
“Buzzer” Drive Signal LI O N L T R A
The TSC816 BUZ output (Pin 64) will drive a piezoelectric SN AT U A S AN A s
audio transducer. The signal is activated to indicate an input 10 b2 | 2 P2 | 2 4 / 4
overrange condition for current and voltage measurements 1 a2 | g2 a2 | 29 / Y ;
or continuity during resistance measurements. 2 '2 " , " , P ,
During a resistance measurement a reading less than 19 on 3 | 63| @ | P3| 3 | ¢ / /
any full-scale range causes a continuous 4 kHz signal to be " T o | = ; B 7
output. This is used as a continuity indication. Lol S
3 e3 / 33 / / /
A voltage or current input measurement overrange is indi- i
cated by a non-continuous 4 kHz signal at the BUZ output. LA N AN N I A
The LCD display MSD also flashes and the three least signifi- 17 | AC | == | AUTO| 35 / 4 4
cant digits are set to display zero. The buzzer drive signal for 8 | =N | -mem| s 36 / / /
- 50.8 (+0.3 —0.1)
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Figure 14: Typical LCD Display Configuration TSC816 Triplex
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The BUZ output is also activated for 15 ms whenever arange
change is made in auto-range or manual operation. Changing
the type of measurement (voltage, current, or resistance) or
measurement option (AC/DC, (/LOQ) will also activate the
buzzer output for 15 ms. A range change during a current mea-
surement will not activate the buzzer output.

Vendors for piezoelectric audio transducers are:

® Gulton Industries
Piezo Products Division
212 Durham Avenue
Metuchen, New Jersey 08840
(201) 548-2800
Typical P/N’s: 102-95NS, 101-FB-00

e Taiyo Yuden (USA) Inc.
Arlington Center
714 West Algonquin Road
Arlington Hts., Ill. 60005
Typical P/N’s: CB27BB, CB20BB, CB355BB

Display Decimal Point Selection

The TSCB816 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
1 ¢ 9 e 9 e 9

Full-Scale Range DP3 DP2 DP1
2000 V, 2000 kQ OFF OFF OFF
200.0 V, 200.0 kQ OFF OFF ON
20.00 V, 20.00 k() OFF ON OFF
2.000 V, 2.000 k) ON OFF OFF
200.0 mV, 200.0 Q OFF OFF ON
2.000 mA ON OFF OFF
20.00 mA OFF ON OFF
200.0 mA OFF OFF ON

[122ms| 122ms | 122ms |

122 ms_ | 610 ms [122ms|

vce h —l—‘ l
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Figure 15: TSC816 Timing Waveform for Buzzer Output
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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 V/us

® Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

® OQutput Voltage Swing (Load = 10 k) 1.5V
(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 TSCB816 automatically selects one of two external inte-
gration resistors. RVIBUF (Pin 51) is selected for voltage and
current measurement. RQBUF (Pin 50) is selected for resis-
tance measurements.

RVIBUF Selection (rin 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 £2Vswing is suggested. The value of RVIBUF is
easily calculated assuming a worst case extended resolution
input signal:

VINT = Integrator Swing =+2 V
T = Integration Time = 100 ms
Ci = Integration Capacitor = 0.1 uf
VMAX = Maximum Input at V| =300 mV
RVBUF = _ YMAX(M)  _450kq
VINT (C1)
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ROBUF Selection (rin 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 ) range with
the manual, extended resolution option.

The input voltage VX (Pin 46) is easily calculated (Figure 16).

Vancom = Potential at Analog Common = 2.7 V
Rs = 220 Q

R1 = 163.85 O

Rx = 300 Q

Rs = Internal Switch 33 Resistance =~ 600 ()
ROBUF = (VCC - Vancom) Rx — 063V

(Rx + Rs + R1 + Ra)

For a 3.1V integrator swing the value of R Q) BUF is easily cal-
culated:

VINT = Integrator Swing = 3.1 V
T = Integration Time = 100 ms
Ci = Integration Cap. = 0.1 uf
Rx Max. = 300 Q
Vx Max = 700 mV
ROBUF _(WXMAX) M) <220 kn
Ci (VINT)
Vee=9V
Sw33 Rg ~ 600
Ry 163.85 2
Rg
Vx
Rx
ANALOG COMMON = Ve —3V
Figure 16: RQBUF Calculation (200 (0 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 3.1V 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 TSCB816 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
TSCB816 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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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
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 Incoprated
Harrisburg, PA 17015
(717) 564-0100
TWX: 510-657-4110
Part No: 641749 (Solder Tail)
Part No: 641345 (Surface Mount)



Notes

ENGINEER: .
PROJECT: e
DESCRIPTION

7-92



“TELEDYNE
SEMICONDUCTOR

The Analog Signal Processing Company™

TSC818

AUTO-RANGING A/D CONVERTER
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

FEATURES
m 3-1/2 Digit Numeric Plus 40 Segment Bar-Graph
LCD Display Drivers
® Annunciator Outputs Permit Customizing of LCD
Display
m 2-Chip Set, Surface Mounted
— 60-pin Flat Package Plus 20-pin Small Outline (SO)
m Auto-Range Operation for AC & DC Voltage and
Resistance Measurements
— Two User Selected AC/DC Current Ranges 20 mA
and 200 mA
m 22 Operating Ranges
— 9 DC/AC Voltage
— 4 AC/DC Current
— 9 Resistance and Low Power Ohms
m Display Hold Function
u 3-1/2 Digit Resolution in Auto-Range Mode . . 1/2000
— Extended Resolution in Manual Mode . . . 1/3000
m Memory Mode for Relative
Measurements ...................... +5% F.S.
m Internal AC to DC Conversion Op Amp
m Triplex LCD Drive for Decimal Points, Digits, Bar-
Graph, and Annunciators
m Continuity Detection and Piezoelectric Transducer
Driver
m Low Drift Internal Reference ....... 75 ppm/°C
m 9 V Battery Operation ................ 10 mW
m Low Battery Detection and LCD Annunciator
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AUTO-RANGING A/D CONVERTER

WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

TSC818

GENERAL DESCRIPTION

The TSC818 is a 2-chip integrating analog-to-
digital converter with 3-1/2 digit numeric and 40 segment
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)
measurements. 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 kQ and 2000 V full-scale
auto-range operation. The extended range operationis
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 TSCB818 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.

Odering Information

Temperature

Part No. Package Range
60-Pin Plastic o

TSC818ACBQ Flat Package 0°C to +70°C
20-Pin Small o

TSC818DCOP Outline (SO) 0°C to +70°C

Pin Configuration

181920 [1] 20] Voo
151617 [2] [19] 212228
12,1314 [3] 18] 242526
91011 [2] “P\™> |17] 272829
678 [5]TSC818D [16] 303132
345 [6] [15] a33435
012 [7] [14] 63738
Vosr [8] [13] 39.400R
ck [9] [12) DATA
GND [i0] |

SYNC

Rx [47] [29] rMREFL
crifeg] 28] DEINT
ADI[49) [27JanaLoG com
A00[60) j26]vee
RQBUF [51] [25)sYNC
RVIBUF [62] EM/BATT
ACVH B3] TSC818A 23] ADI~IAUT:_l
vssa (64} 8CP3
016G GND [58} 21]re2 w
"RANGE [66} 20 aAcD2 3
HOLD [57] 9)sce2 %
~mem [53) igjren g
R B8 17061 g
T1eo} [i6)ace1 S
auuanﬂnum 03] pa] s
EFFE AL TEL
x x I_
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CURRENT —1 A co—e
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with HOLD Function SiA
<l 20mA |
R13 200mA
VOLTAGE massun | ¥ S0 . 58
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RIZ1LINIMY 39 —— Ise
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BORE 418 o= 1.000) ). N
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AUTO-RANGING A/D CONVERTER

WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

TSC818

Absolute Maximum Ratings:

TSC818A TSC818D

Supply Voltage .........cooiviiiiiiiiiiat, 1BV Supply Voltage ............cooiiiiiiiiit, 6.0V
Analog input Voltage ................ Ve to Vss Digital Input Voltage ............... Vge to GND
Reference Input Voltage ............. Ve to Vsg Power Dissipation ..................... 500 mwW
Voltage at Pin 43 .............. “Common £ 0.7 V Both Devices

Power Dissipation ...............0 ..., 800 mW 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 = 9V, Ta = 25°C, Figure 1 Test Gircuit

SYM- TSC818A
BOL  PARAMETER TEST CONDITIONS ‘MIN TYP MAX UNITS
200 mV Range w/o 10 MQ
Input Resistor ~0000 0000 - +0000 Digital
Zero Input Reading 200 mV Range w/10 MQ Resistor | -0001 — +0001 | Reading
20 mA and 200 mA Range -0000 0000 +0000
200 mV Range w/o 10 MQ o _ 41
Input Resistor '
RE Rollover Error 200 mV Range w/ 10 MQ Resistor — — +3 Counts
20 mA and 200 mA Range — - +1
NL ~Linearity Error Best Case Straight Line —_ —_ +1 Count
N Input Leakage Current —_ - 10 pA
En Input Noise BW = 0.1 to 10 Hz — 20 — Wp_p
: ) +1% Error — 40 to 500 —
AC Frequency Response Hz
) +5% Error — 40 to 2000 —_
Open-Circuit Voltage for
OHM Measurements Excludes 200 Q Range —_ 570 660 mV
Open Circuit Voltage for LO
OHM Measurement Excludes 200 Q Range 285 350 mV
Vcom Analog Common Voltage' (Vee - Veom) 2.8 3.0 33 \'
Common Voltage o
Vere Temperature Coefficient - 50 |ppm/°C
‘ Display Multiplex Rate — 100 — Hz
20 mA, AC, |, Low Q, HOLD
Vi Low Logic Input Range, -MEM, OHMs (Relative to — — 1 \
DIG GND Pin 55)
20 mA, AC, |, Low Q, HOLD
Logic 1 Pull-up Range, ~-MEM, OHMs (Relative to — 25 — uA
DIG GND Pin 55)
VoL Low Logic Output ANNUNC, DEINT; I, = 100 pA — DIG GND+0.1 — \
Vou High Logic Output ANNUNC, DEINT; I = 100 pA — Vee-01 — \"
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TSC818

Electrical Characteristics: Vs = 9 V, Tp = 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 Vsg 6.3 6.6 70 \
Operating Supply Current — 08 15 mA

Electrical Characteristics: Vcc = +5V, GND = 0 V, Tp = 25°C

SYM- TSC818D

BOL  PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Vi HIGH Logic Input 25 — — Vv

Vi LOW Logic Input — - 1 "

1L Logic Input Current Vee = Vin = GND — .01 10 nA
Display Multiplex Rate — 100 —_ Hz
Operating Supply Current — 40 100 MA

TSC818A Pin Description and Function

Pin No.

(Quad Flat

Package) Symbol Description

1 OHM Logic Input. “0” (Digital Ground) for resistance measurement.

20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.

3 BUZ 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.

4 XTAL1 32.768 kHz Crystal connection and clock output to drive TSC818D.

XTAL2 32.768 kHz Crystal connection.

Voisp Sets peak LCD drive signal: Vp = Vg = Vpisp- Vpisp may also be used to
compensate for temperature variation of LCD crystal threshold voltage.

BP1 LCD backplane #1.

BP2 LCD backplane #2.

BP3 LCD backplance #3.

10 Low Q/A LCD Annunciator segment drive for low ohms resistance measurement and
current measurement.

1 Q/A LCD Annunciator segment drive for resistance measurement and current
measurement.

12 k/m/HOLD LCD Annunciator segment drive for k (“kilo-Ohms”), m (“milli-Amps” and “milli-

Volts”) and HOLD mode.
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TSC818

TSCB818A Pin Description and Function (Continued)

AUTO-RANGING A/D CONVERTER
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

Pin No.

(Quad Flat

Package) Symbol Description

13 BCPO LCD segment drive for “b”, “c” segments and decimal point of least significant digit

(Ones Digit)  (LSD).

14 ADGO LCD segment drive for “a”, “g”, “d” segments of LSD.

15 FEO LCD segment drive for “f” and “e” segments of LSD.

16 BCP1- LCD segment drive for “b” “c” segments and decimal point of 2nd LSD.

17 ADG1 LCD segment drive for “a”, “g”, “d” segments of 2nd LSD. ’

18 FE1 LCD segment drive for “f” and “e” segments of 2nd LSD.

19 BCP2 LCD segmentdrive for “b”, “c” segments and decimal point of 3rd LSD (Hundred’s
digit).

20 ADG2 LCD segment drive for “a”, “g”, “d” segments of 3rd LSD.

21 FE2 LCD segment drive for “f” and “e” segments of 3rd LSD.

22 BCP3 LCD segment drive for “b”, “c” segments and decimal point of MSD (Thousand’s
digit).

23 AC/-/AUTO LCD Annunciator segment drive for AC measurements, polarity, and auto-range
operation.

24 -MEM/BATT  LCD Annunciator segment drive for low battery indication and memory (relative
measurement).

25 ANNUNC 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.

26 Vee Positive battery supply connection.

27 COM Analog circuit ground reference point. Nominally 3.0 V below V¢c.

28 DEINT Deintegrate output. Transmits the a-d conversion result to the bar-graph LCD
driver. See text.

29 RMREFL Ratiometric (Resistance measurement) reference low voltage.

30 CReFL Reference capacitor negative terminal. Cggr = 0.1 uF.

31 CREFH Reference capacitor positive terminal. Crgr = 0.1 uF.

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

33 QR1 Standard resistor connection for 200 Q full-scale.

34 QR2 Standard resistor connection for 2000 Q full-scale.

35 QR3 Standard resistor connection for 20 kQ full-scale.

36 QR4 Standard resistor connection for 200 kQ full-scale.
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TSC818

TSCB818A Pin Description and Function (Continued)

Pin No.

(Quad Flat

Package) Symbol Description

37 QOR5 Standard resistor connection for 2000 kQ full-scale. ’

38 VR3 Voltage measurement <+ 100 attenuator.

39 VR2 Voltage measurement <+ 10 attenuator.

40 VR5 Voltage measurement < 10,000 attenuator.

M VR4 Voltage measurement < 1000 attenuator.

42 \ Unknown voltage input + attenuator.

43 I Unknown current input.

44 ACVL Low output of AC to DC converter.

45 C Integrator capacitor connection. Nominally 0.1 uF. (Must have low dielectric
absorption. Polypropylene dielectric suggested).

46 Caz Auto-zero capacitor connection. Nominally 01 uF.

47 Rx Unknown resistance input.

48 CFI Input filter connection.

49 ADI Negative input of internal AC to DC operational amplifier.

50 ADO Output of internal AC to DC operational amplifier.

51 ROQBUF Active buffer output for resistance measurement. Integration resistor connection.
Integrator resistor nominaily 220 kQ.

52 RVIBUF Active buffer output for voltage and current measurement. Integration resistor
connection. Integration resistor nominally 150 kQ.

53 ACVH Positive output of AC to DC converter.

54 Vss Negative supply connection. Connect to negative terminal of 9 V battery.

55 DIG GND Internal logic digital ground. Ground connection for the TSC818D, and the logic “0”
level. Nominally 4.7 V below V.

56 RANGE Input to set manual operation and change ranges.

57 HOLD Input to hold display. Connect to DIG GND to “freeze” display.

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

59 DC/AC, Input that selects AC or DC option during voltage/current measurements. For

Q/LOW Q resistance measurements, the Ohms or low power (voitage) Ohms option can be

selected.

60 1 Input to select measurement. Connect to logic “0” (digital ground) for current

measurement.
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TSC818

AUTO-RANGING A/D CONVERTER
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

TSC818D Pin Description and Function

Pin No.

(20-Pin SO)  Symbol Description

1 18, 19, 20 Segments 18, 19, 20 of LCD Display.

2 15, 16, 17 Segments 15, 16, 17 of LCD Display.

3 12, 13, 14 Segments 12, 13; 14 of LCD Display.

4 9, 10, 11 Segments 9, 10, 11 of LCD Display.

5 6,78 Segments 6, 7, 8 of LCD Display.

6 34,5 Segments 3, 4, 5 of LCD Display.

7 01,2 Segments 0, 1, 2 of LCD Display.

8 Vpisp Sets peak LCD voltage drive level. Connect to Vpgp of TSC818A, or to GND of
TSC818D.

9 CLK Clock input.-Connect to XTAL1 output of TSC818A.

10 GND Digital ground. Connect to DIG GND of TSC818A.

1 SYNC Display SYNC input. Synchronizes backplanes of the TSC818A and TSC818D.
Connect to ANNUNC output of TSC818A.

12 DATA Data Input. Pulses at the CLK input are counted while DATA is logic high. Connect
to DEINT output of TSC818A.

13 39, 40, OR Segments 39, 40 and overrange of LCD Display.

14 36, 37, 38 Segments 36, 37, 38 of LCD Display.

15 33, 34, 35 Segments 33, 34, 35 of LCD Display.

16 30, 31, 32 Segments 30, 31, 32 of LCD Display.

17 27,28, 29 Segments 27, 28, 29 of LCD Display.

18 24, 25, 26 Segments 24, 25, 26 of LCD Display.

19 21, 22, 23 Segments 21, 22, 23 of LCD Display.

20 Voe Power supply input. Connect to Vg of TSC818A.
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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 (3-1/2
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
TSCB818A 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 shownin figure 3. The TSC818D does not
require a separate power supply, since it is powered
from Ve and digital ground of the TSC818A.

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
TSCB818A because adjacent bar-graph segments are
either on or off.

The SYNC input permits the synchronizing of
display backplanes. By connectingthe ANNUNC 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 V¢ and Vpgp pins. In
most cases, Vpsp Will be connected to GND and the
LCD drive voltage will be about 5 V. If Vpgp is not
connected to GND, then Vp,;gp of the TSC818D must be
connected to Vpgp of the TSC818A.

Data Transfer

Analog conversion results are transferred from
the TSC818A to the TSC818D via two pins, DEINT and
XTAL1. 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 XTAL1 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.

7-101




AUTO-RANGING A/D CONVERTER
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

TSC818

Figure 2: TSC818A Analog Section
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AUTO-RANGING A/D CONVERTER

WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY

TSC818

Table 2: TSC818 Numeric Display vs.
Bar-Graph Segments

Numeric Reading Bar-Graph Segments
0-24 0
25-74
75-124

[ )
L ]
°
((50*N)-25) to ((50*N)+24)
(where 1 < N < 40)

Z0e 00 |

[} [
[ ) [ )
[ ] [ ]
1975-2024* 40
>2024* OVR .

* Readings > 1999 will only occur in manual or expanded
resolution modes.

Resistance, Voltage, Current Measurement
Selection

The TSCB818 is designed to measure voltage,
current, and resistance. Auto-ranging is available for
resistance and voltage measurements. The OHMS (Pin
1) and | (Pin 60) input controls are normally pulled
internally to Vgc.

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) | | (Pin 60) | Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground
1 = Floating or Tied to Vg

Notes:

1. OHM &lare normally pulled internally high to V¢ (Pin 26). This
is considered a logic “1”.

2. Logic “0” 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
Q/LOWQ (Pin 59) input selects the low power ohms
measurement mode. For low power ohms measure-
ments Q/LOWQ (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, LOWQ, will be activated. On power up the low
power ohms mode is not active.

I1fthe manual operating mode has been selected,
toggling Q/LOWQ 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 Q 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 Q 163.85 Q (R1) NO
2000 Q 1638.5 Q (R2) YES
20 kQ 16,385 Q (R3) YES
200 kQ 163850 Q (R4) YES

2,000 kQ 1,638,500 Q (R5) YES

N/A = Not Available

R8, a positive temperature coefficient resistor,
andthe 6.2V zener, Z1in 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 Q
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.

Figure 4 shows a detailed block diagram of the
TSCB818 configured for ratiometric resistance measure-
ments. During the signal integrate phase the reference
capacitor charges to avoltage 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 count for various full-scale ranges
to allow users to judge the required resistor accuracy.

Figure 4: Ratiometric Resistance Measurement Functional Diagram

R5/1638500
37 s20
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A o
° vee
R4/163850 © s30 OHMS 10k 2%
. 36 o o AAA~
a-fig 9
RIGIWE Qoo ) vA asad She
—0 © 2 3
R2/1638.5 2 OHMS S
A 532 LOW OHM:
AA—2 —a  o—
R1/163.85 O 35 s33 o2
o- vee
= - = + + 1)
+10k |+1k [+100 [+10 [+ 3~1ee a2 REFHI
P p < <1
VOLTAGE 9
REFERENCE
R8 z
2200
S
$ .
b3 svee- 28V
ANALOG
T _ COMMON
31 s20 -, DE S19 7 G DE+R vee - 26V
J_CREF
Tm P
0 S804 AW\ TSC818A
R6/100 kS = ~ RATIO METRIC RESISTANCE MEASUREMENT —
2 s21 DE-Q
a0 BUFFER
_~ _DE
R7/100 kS -
AM—2L 52670 00 $35
L V.- INT - (2 + DC) .
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51 |52 _E?:Az [3
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220 k2
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Table 5. Reference Resistors

Full-Scale Reference

Range Resistor /COUNT
200 163.85 01

2k 1638.5 1

20 k 16385 10

200 k 163850 100

2M 1638500 1000

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 voltages from
200 mV to 2000 V.

For applications which do not require a 10 MQ
inputimpedance, the divider network impedances may
be lowered. This will reduce voltage offset errors
induced by switch leakage currents.

i

Pd

2
>

<

P e
UNKNOWN 2
<o

v

{ 0.64 V For OHMS

VA=
| 0.32 V For LO OHI

RS S *

163.85 kQ CREF
9 VR
) 100 k2 VR

220 @

- VX

RX

TO ANALOG
BUFFER

Example: 200 k() Full-Scale Measurement

) (a)

MS |

(b)

(c)

VR = 163.85 k() % 0.64
163.85 + 220 + RX
RX
VX= X 0.64
163.85 k() + 220 0 + RX
+ RX
“Ramp Up Voltage” = “Ramp Down Voltage”
VX T = VR Toe
RIC| RICi

Where:
Ri = Integrating Resistor, Ti= Integrate Time
Ci = Integrating Capacitor,Toe = Deintegrate Time

) RX=163.85< Ti)
T

Independent of Ry, Ci or Internal Voltage Reference

Figure 5: Resistance Measurement Accuracy Set by External Standard Resistor

"\\Tscms

-

SIGNAL REFERENCE
INTEGRATE DEINTEGRATE
PHASE PHASE

AUTO-ZERO
PHASE

MIN. AUTO-ZERO
TIME

FIXED * MAX,
16385 Tp | 30000 Tp

—~—— 33615 Tp

T Tog—»|

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

Total Conversion Time = Tconv = 8000 (Tp)

o SoNe ot = 488.3 ms ~ 2 CONV/SEC

Integration Time = T = 1638.5 (Tp) = 100.0 ms
Maximum Reference Deintegrate Time

= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution)

=2000 (Tp) = 122.1 ms (Auto-Range)

«IN AuTo-RANGE operaTion  Minimum Auto-Zero Time
MAXIMUM 1S 2000 Tp AND

=<T0 INPUT | minimum AUTO-ZERO TIME = (8000-3000-1638.5) (Tp) = 205.1 ms (Manual, Extended

SIGNAL 1S 4361.5 Tp

Teony = 8000 Tp Resolution)

= (8000-2000-1638.5) (Tp) = 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 | 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 || input (Pin 43). For 20 mA measure-
ments a 10 Q resistor is used. The 200 mA range needs
a 1 Q 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, forexample, a 0.05 Q trace resistance
will cause a 5% current to voltage conversion error at |
(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.

Measurement Options
AC to DC Measurements

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.

uanuAL AP 1sces

SELECT

CONTINUITY
INDICATOR
OUTPUT 4 kHz
AUDIO YES
FREQUENCY
CONTINUOUS 4 kHz NO
BUZZER OVER-RANGE
INDICATOR
IS YES
DISPLAY
RX 33000 1 000
NO “1" = >FLASHING MSD

DISPLAY LAST
3 DIGITS AND
FLASH MSD

EXTENDED
RESOLUTION
FEATURE

DISPLAY
TRUE
READING

*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS
SELECTED AND 2 M2 <RX <2.999 MQ

RANGE

SELECT NON-CONTINUOUS

YES OUTPUT 4 kHz
AUDIO

FREQUENCY

OVER-RANGE INDICATOR

15 YES DISPLAY

“1” 000

“1" = »FLASHING MSD

YES DISPLAY LAST
3 DIGITS
AND FLASH MSD

" TSC818

DISPLAY
TRUE
READING

Figure 7: Manual Range Selection;
Resistance Measurement

Figure 8: Manual Range Selection;
Current Measurement
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P 1scs18

RANGE
SELECT

OUTPUT NON-
CONTINUOUS
4 kHz AUDIO
FREQUENCY

OVER-RANGE INDICATOR

s YES [
oo orsrLay
?
1" = >FLASHING MSD
NO
s YES DISPLAY LAST
VX >2000 3 DIGITS AND
S FLASH MSD
. EXTENDED RESOLUTION |
NO FEATURE

DISPLAY

TRUE
READING

Figure 9: Manual Range Selection;
Voltage Measurement

Conversion Timing

The TSCB818 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 TSCB818 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 us. 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.

- TSC818
N=01F DC
N=1IFAC
N '=0; 200.0 mV FULL-SCALE RANGE
N=1;2000V FULL-SCALE RANGE
N=Ng
(REMAIN IN RANGE SELECTED
K DURING THE K th CONVERSION)
CONVERSION
, ]
V= (110N vy N=N-1

DISPLAY
VOLTAGE (V) =] K=K+1

N=N+1

EXTENDED
RESOLUTION

DISPLAY "1” XXX
FLASH MSD

YES ACTIVATE
BUZZER

OVER-RANGE

DISPLAY “1" 000
FLASH MSD

I

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 10: Auto-Range Operation;
Voltage Measurement
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Manual Range Selection

The TSCB818 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, Q/LO Q) 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 kQ 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 notindicate an overrange condition. The buzzer is
used to indicate continuity. Continuity is defined as a
resistance reading less than 19 counts.

7-109

-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

Ri (N) = 18.21 kQ (20 kQ Range) = Display 18.21 kQ
MEM = Store 0.21 kQ

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

Ri (N + 2) = 22.65 kQ (200 kQ Range)
= Display 22.7 kQ & MEM Disappears

Example 2: In Fixed Range 200.0 Q Full-Scale
Ri (N) = 18.2 Q = Display 18.2 Q
MEM = Store 8.2 Q
Ri (N +1) =367 Q
= Display 36.7 - 82 = 285 Q
Ri (N+2)=580Q
= Display 5.8 - 82 =-24 "
* 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 = Store 0.51 V
Vi(N+1) =368V
= Display 3.68 - 0.51 = 317 V
Vi(N+2)=023V
= Display 0.23 - 0.51 = -0.28' V

Vi (N+3)=-521V
= 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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The “-MEM” mode is also canceled whenever
the measurement type (resistance, voltage, current,
AC/DC, Q/LO Q) orrange 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.

l

n TSC818
N=0IFQ
N=11FLOQ N=0; 200.0 2 FULL-SCALE RANGE
N=1; 2.000 k2 FULL-SCALE RANGE
( REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)
Kth
CONVERSION
1
- ——R
Rx = 7N "IN

CONTINUITY
INDICATOR

ACTIVATE
BUZZER

CONTINUOUS 4 kHz
SIGNAL

DISPLAY
RESISTANCE [ ] K-K+1

H N=N+1

OVER
RANGE

DISPLAY
DISPLAY “1” XXX 1"
FLASH MSD

FLASH MSD

EXTENDED RESOLUTION t

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

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, Q/LO Q).

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 Vg (Pin 26)
and Vgg (Pin 54) clamp the input voltage. The external
10 MQ input resistance (See Figure 1, R14 and R13)
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 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 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).

PN
T
vee o
l LOW BATTERY DETECTOR
> R
<™
‘>
V1
* T0 LCD
>
com-
S ANNUNCIATOR
$fa PARATOR SELECTION
S Logic
4 -
3n
()
vyoray PN TsCa18
v ic
=7x =62V
) T Ry + Ry
vss N
T C
LOW BATTERY ANNUNCIATOR DISPLAYED FOR VgyppLy <7 V

Figure 11: Auto-Range Operation;
Resistance Measurement

Figure 12: Low Battery Detector
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The resistance automatic range selection pro-
cedure is shown in Figure 11. The 200 Q 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 kQ.

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 kQ 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 9V battery supply hasbeen depletedtoa 7V
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 TSCB818 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 - Voisp.

vce

S 50 k
>
bs

>
S50k
S

SET VDISP
FOR PROPER V,

S0k \év:;rbgsmsnvg
O\ 1sco1sn
TSC818D O VDIsP

2l
¢

Vp = VCC - VDISP
“OFF” = Vp/3 RMS
won' = Y1 v, pms
V3

Figure 13: 1/3 Bias LCD Drive

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

Vp =Vec - Vpisp =3V

An “OFF” LCD segment has an RMS voltage of
Vp/3 across it or 1volt. An “ON” segment has a 0.63 V,
signal across it or 1.92 V for Vgc - Vpigp = 3 V.

Since the Vpgp pin is available the user may
adjust the “ON” and “OFF” LCD levels for various
manufacturer’s displays by changing V.. 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 Vpsp
to accommodate the liquid crystal temperature oper-
ating characteristics if necessary.

The TSC818A and TSC818D internally generate
two intermediate LCD drive potentials (Vy & V) from
resistive dividers (Figure 13) between Vg and Vpsp.
The ladder impedance is approximately 150 kQ. This
drive method is commonly known as 1/3 bias. With
Vpisp 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 External Crystal
Most users will design their own custom LCD The TSCB818 is designed to operate with a
display. However, for prototyping purposes, a standard 32,768 Hz crystal. This frequency is internally divided
display is available from Varitronix, Ltd. The prototype by two to give a 61.04 us clock period. One conversion
display configuration is shown in Figure 15. takes 8000 clock periods or 488.3 msec (=2 conversions/
Varitronix Lid. ?gcc)o;csi). Integratlo‘n time is 1638.5 clock periods or

9/F Liven House, 61-63, King Yip Street
Kwun Tjong, Hong Kong

Tel: 3-410286

TELEX: 36643 VTRAX HX

FAX: 3-7556033

Part No. VIM-328-DP

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 exist. A partial listing is:

Statek Corporation

512 N. Main
USA OFFICE: Orange, CA 92668
VL Electronics Inc. (714) 639-7810
2775 Glendower Ave. TWX: 910-593-1355
Los Angeles, CA 90027 TELEX: 67-8394
Tel: (213) 661-8883
TELEX: 821554
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Figure 14: Triplex LCD Drive Waveforms
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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
piezo electric 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 V¢ (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, Q/LO Q) 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

Table 7: Decimal Point Selection

212 Durham Avenue i * 9 * 9 * 9

Metuchen, New Jersey 08840 Full-Scale Range DP3 DP2 DP1

(201) 548-2800

Typical P/N’s: 102-95NS, 101-FB-00 2000 V, 2000 kQ OFF OFF OFF

Taiyo Yuden (USA) Inc. 200.0 V, 200.0 kQ OFF OFF ON

Arlington Center 20.00 V, 20.00 kQ OFF-  ON OFF

714 West Algonquin Road .

Arlington Hts, lllinois 60005 2000 V, 2.000 kQ ON OFF OFF

Typical P/N’s: CB27BB, CB20BB, CB355BB 200.0 mV, 200.0 Q OFF OFF ON
Display Decimal Point Selection 20.00 mA OFF ON OFF

The TSC818 provides a decimal point LCD 200.0 mA OFF OFF ON
drive signal. The decimal point position is a function of
the selected full-scale range as shown in Table 7.
122 ms 122 ms 122 ms 122 ms 610 ms 122ms
DIGITAL
HH”“ HHH‘ GROUND
L 1 CONVERSION —————=={ & Kbz STGNAL
Non-Continuous Buzzer Signal Indicates Input Overrange
POWER UP
VN =250 mV
l CHANGE CHANGE CHANGE CHANGE INPUT
4000 8000 12000 RANGE RANGE RANGE Vin=32V

Rt b o TR

: :IDOOCLOCK PULSES | : : | ! !

! ! | | | !
INTEGRATE i E —’J:l“_ ; m | l_l ; ‘_.I ; r—] E r—-] }

! | 16388 | ! ! i
= I M T B g |
SIGNALS | DEINTEGRATE | [ [e—— 250 CP \ 250 CP ! 2500CP | 250 CP ! 3000CP |

! | 122ms | | | | 1 |

| 2000 | |
e e T e T s I s N e O s NN

| | | | | |

| | | | : i ! |

:*—-:—AUTO—RANGING { | MANUAL RANGE '——-!————:

: | 200mVRANGE - | 2,000 v RANGE { 2.000 V RANGE t 200 mV RANGE : 2.000 V RANGE : 2.000 V RANGE |

\ : OVERRANGE : IN-RANGE : IN-RANGE | EXTENDED RANGE: IN-RANGE | OUT-OF-RANGE :

sz ! | | | | | | o
(PIN 3)|—|'Wlu “F l]| | ]

: : 4kHz Az —a{ = 15.:ms 15ms 15 m: 4 kHz 4 KHzl |'

i lt——— ONE CYCLE OF _.\I :nggéﬁqu%% :RX?E“‘S‘S 225(‘3"2 : = I | : 610 II

| | OVERRANGE BUZZER 'CHANGE CHANGE| ] | BUZZER

' l BUZZER ACTIVATED DUE ! ! BUZZER ACTIVATED DUE TO | ACHvATED
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Figure 16: TSC818 Timing Waveform for Buzzer Output
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AC to DC Converter Operational Amplifier

The TSCB818 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:

W Slew Rate: 1 V/us

B Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

m Output Voltage Swing (Load = 10 kQ) £ 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 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. RQBUF
(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 0.45V of V¢ (Pin 26) and 0.5V of Vgg
(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 = Integrator Swing = £2 V
T = Integration Time = 100 ms
C = Integration Capacitor = 0.1 uF
Vmax = Maximum input at V), = 300 mV
RvIBUF = M (1) es 10

VinT (C)

RQBUF 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
Q range with the manual, extended resolution option.

The inputvoltage VX (Pin 47) is easily calculated
(Figure 17).

Vee=9V

sw33 | Rg =~ 600 2

Rq

Rg

Vx

Rx

ANALOG COMMON =V —3V

Figure 17: RQBUF Calculation (200 Q Manual

Operation)
Vancowm = Potential at Analog Common =~ 2.7 V
Rs =220 Q
R4 = 163.85 Q
Rx =300 Q
Rs ° = Internal Switch 33 Resistance =~ 600 Q

(Vec - Vancom) Rx
(Rx + Rg + Ry + Rg)

RQOQBUF = =0.63V

For a 3.1 V integrator swing the value of
RQOBUF is easily calculated:

= Integrator Swing = 31 V
T = Integration Time = 100 ms
C = Integration Cap. = 0.1 uF
Rx Max = 300 Q

Vx Max = 700 mV

(Vx MAX) (T))

ROBUF = =~ 220 kQ
Ci (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 a3.1V
swing will set the integrator output to 0.5 V above the
negative supply.

CINT, Caz and Crer Capacitors

The integration capacitor, CynT, must have low
dielectric absorption. A 0.1 uF polypropylene capacitor
is suggested. The auto-zero capacitor, Caz, and refer-
ence capacitor, Crer, should be selected for low
leakage and dielectric absorption. Polystyrene capa-
citors are good choices.

Reference Voltage Adjustment

The TSCB818 contains a low temperature drift
internal voltage reference. The analog common poten-
tial (Pin 27) is established by this reference. Maximum
driftisalow 75 ppm/°C. Analog common is designed to
be approximately 2.6 V below V¢ (Pin 26). A resistive
divider (R18/R19, Figure 1) sets the TSC818 reference
input voltage (REFHI, Pin 32) to approximately 163.85
mV.

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

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. 1C51-064-042

Resistive LaddervNetworks

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 Caddock
. Accuracy Type Part Number
Display Hold Feature 01% Voltage 1776-C4a1
The LCD display will not be updated when 0.25% Voltage 1776-C44
HOLD (Pin 57) is connected to Ground (Pin.55). 0.25% Resistance T1794-204-1
60-Pin Plastic Flat Package
A A

.054 +.004

047 £ .004

Y B
TT’{.IOZ! 012 fe—

.0075

\- .050 + .006

“BQ” Package — Formed Leads
(Package #21)

010 MIN

|
V
-

| e 1P ! '?ng +.005

PIN 1 INDICATION
DIMPLE OR BUTTON
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TSC825

ONE-PERCENT ANALOG-TO-DIGITAL CONVERTER
WITH LCD BAR GRAPH DRIVE

FEATURES

B One-percentLCD bar graph readout
withtriplex LCD display, 101 datasegments,
over-range and under-range annunciators
Display HOLD input

Differential analoginput

Differential reference for ratiometric
measurements

100 mV to 2.0 V full-scale

9V battery or +5V supply operation
10mW power dissipation

68-lead PLCC package that permits either
surface or socketmounting

I Rosc

+IN
DIFFERENTIAL Caz Cinr
ANALOG
INPUT { R
o——-IN INT
HOLD [0 7 DISPLAY HOLD
O——] ANALOG COMMON/ AN\ TSC825 DIGITAL —f
VREF OUTPUT 1% ADC WITH GND
LCD DISPLAY DRIVE =

O—s—4 +REF
DIFFERENTIAL
REFERENCE

INPUT Lco
o——iq_ ‘ L o©
REF v Vs ) BIAS ADJUST
J BP3 |BP2 |BP1 i
TRIPLEX
ANNUNCIATOR

|I LCD DRIVE DRIVE

v
UNDERRANGE:

ooo
OVERRANGE TRIPLEX LCD BAR-GRAPH DISPLAY
0 1 2 99 100 1% (100 DATA PLUS ZERO) RESOLUTION

©1987
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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 A/D 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 ppm/°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-LEAD PLASTIC
LEADED CHIP CARRIER (PLCC)

NOTES: 1. For Segment Driver Assignments, See Table *

Ordering Information

Part No. Package Temperature
Range
TSC825CLS  68-lead PLCC 0to 70°C

The TSC825 is available in a 68-lead plastic leaded
chip carrier (PLCC). For a 2.5% resolution A/D con-
verter with bar graph output, see the TSC826 data
sheet. For a 1% resolution A/D converter with bar
graph output, serial data output and dual set points see
the TSC827 data sheet.
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Absolute Maximum Ratings

Supply voltage (V;to V). .................. 15V
Reference voltage (REF+ or REF-) (Note 1). .V to V;
Input voltage (+IN or -IN) (Note 1). . ....... Vito V]

sp+ =+ e e Vto DGND-0.3V
Digital input (Pin64). . ............... V.to DGND
Integrator input (Pin4). ................. Vito V]
Power dissipation (Note 2).............. 800 mW
Operating temperature range. . . ....... 0to +70°C
Storage temperature range. . . . ... .. -65 to +150°C
Lead soldering temperature (10 sec). . . ... .. 300°C

Notes

1. Input voltages may exceed the supply voltage provided input
current is limited to + 100 pA. 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 :
unless otherwise specified.

V,=+5V,R,_ =160kQ, T, = 25°C, full-scale = 100 mV

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero input reading V,=0.0V Under- 0 0 Display
range
Zero reading drift  V,=0.0V 0.2 1 uv/eC
NL Linearity error 0°C < T, <+70°C -1 0.5 +1 Count
max deviation
from best straight line
EN Noise V,=0V 25 uv,,
Lo Input leakage V,=0V 10 50 pPA
current
CMRR Common mode V,=+21V 70 dB
rejection ratio V,=0V
Scale factor temp 0°C < T, < +70°C 1 ppm/°C
coefficient external ref temp
coefficient = 0 ppm/°C
V omon Analog common 250 kQ between 3.1 3.3 3.5 \Y
voltage V, and common
Ve Analog common 0°C < T, < +70°C 50 ppm/°C
temp coefficient
Conversion rate  For R, see Figure 12 1 75 15 Conv/sec
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V,=1+5V,R =160 kQ, T, = 25°C, full-scale = 100 mV

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

V., Full-scale input +0.1 +2.0 V.
range

v, Common mode Vi+1 V-1 vi1a | v
input range '+ 0.6

Ve, LCD segment V,.. = DGND 4 5 6 \'
drive voltage

Ve LCD backplane V... = DGND 4 5 6 \'
drive voltage

I Supply current V,=+5V 1.4 2.0 mA

Pin Description and Function

Pin No. Name Description

1 -IN Negative signal analog input

2 +IN Positive signal analog input

3 BUFF Buffer output. Connect to integration resistor.

4 INT IN Negative integrator input. Connect to auto-zero capacitor.

5 INT OUT Integrator output. Connect to integration capacitor.

6 A Positive supply voltage. Typically + 9 V battery or
+ 5V supply.

7 OSC, Oscillator resistor (R,,,) connection.

8 OSC, Oscillator resistor (R,,.) connection.

11 Annunciator Annunciator driver. Output is a square wave at the
backplane frequency. Any LCD segment attached to
annunciator will be turned on.

12 \" Sets LCD display voltage drive level. Normally connected

to DIGITAL GND (DGND).
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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 0 through 98 of LCD display

53 UR, 100, 99 Segment drivers for under-range, 100, 99

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 uF 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
- 5V 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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Typical Schematic
10 uF
9V 0_____1 hd DISPLAY HOLD
3k 6 In 59 5‘\‘—Isa
1 v§ Voisp DGND o
67
100k S REF*
o ee .|
100 K 5] com ™ CORBER ]
+O— MWWV 1 +IN = 1&1))
ANALOG  0.01 uF =
RESG S 8L o N [
~a i N
BUF '. 54 . 5
TSC825 FE
4 e °
INTIN" (Pin Numbers Shown are = 30
for 68-Lead PLCC) = 20
INT OUT ANNUNCIATOR g S ‘(;’
osc1
BP1 %——l
osc2 ::; .
v§
- 65
G = 015 uF
(See Text) =
BATTERY
GND
Dual Slope Conversion Principles T
The TSC825 is a dual slope, integrating ana- °
log-to-digital converter. - The dual slope converter ANALOG
. as INPUT O———0
measurement cycle has two distinct phases: SIGNAL

i COMPARATOR
M Input signal integration
. [
B Reference voltage integration (deintegration). conTROL y-—-lcn_ocxl

REF
VOLTAGE

PHASE CONTROL

| DISPLAY ; COUNTER ]

Vi = V2VeyLL-scaLe

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,,)

INTEGRATOR QUTPUT

(Figure 1) “———Vin~ VFULL-SCALE
'In a simple dual .slope converter, a complete et
conversion requires the integrator output to ramp up SIGNAL _ VARIABLE

INTEGRATE REFERENCE
TImM INTEGRATE TIME

and ramp down.
A simple mathematical equation relates the
input signal reference voltage and integration time:

Figure 1: Dual Slope Converter Block Diagram

where:
Ts V, = Reference voltage
T, =Signal integration time (fixed)
—F:T Vin(t)dt = V;—g"‘— T, = Reference voltage integration time (variable)

7-122



ONE-PERCENT ADC WITH LCD BAR GRAPH DRIVE

TSC825

For a constantV, : Vin — Va Te

Tsi

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

Vg

e

20

N

NORMAL MODE REJECTION (dB)

/ T = MEASUREMENT PERIOD

/]

0
0.1/T T 10/7
INPUT FREQUENCY

Figure 2: Normal-Mode Rejection
of Dual Slope Converter

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 A/D 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.

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:

B Auto-zero

B Integrate

W Deintegrate

H 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-
tialinput 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

0osC

where Fogc= 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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INTERNAL DATA.
LATCH UPDATE
NAL

H

RINT
AAA
VWA~
DEINT = Caz = iy
REF*
DEINT
REF™ INTEGRATOR
BUFFER _
COMPARATOR
INT + Viu + 10
Vin P—> DiGITAL
blNPUYO—@ + SECTION
Az
Az 2
Az+ 2t
ANALOG
common O- . % Vi - v
INT N TSC825
~INPUT O- 12 uA
<
oM - Az S 7: <63V
oiGITAL | <— INT
CONTROL | <— DEINT
SECTION | <— 2z .
ANALOG
SWITCH L
b3
S
v§
Figure 3: TSC825 Analog Section
AUTO-ZERO SIGNAL REFERENCE INTEGRATE
INTEGRATE - ]
[ PHASE (A2) PHASE (81 (DEINTEGRATE) | st o oR
INTEGRATOR
OUTPUT
ANALOG S
POTENTIAL —0 ¢
ZERO CROSSING
DETECTED
INTERNAL SYSTEM
CLOCK (FSYS) Illllll I“r"?—]l—lrﬂ—]ﬂ I—-In

T

Tpe<Vyy

1000 COUNTS

{1500 to 499 C(
L_uuuaen oF

COUNTS —

PROPORTIONAL

OUNTS (See Text) *——J

le—— 1500 COUNTS

ONE

ON CYCLE

1

OVIN 1001 COUNTS — i
MAXIMUM

= 4000 COUNTS (Tggny = 4000 X ——)
Fsvs

Figure 4: TSC825 Conversion Has Four Cycles
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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. Vis
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
0 and 1,000 counts. The digital reading displayed is:

VIN
VRrer
while the internal conversion result is:

Vin
Vrer

As with the analog input, the differential refer-
ence input must be within the common mode range (V;
+1.0Vto V.- 1.3V). 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.

100

1000

Zero-Integrator

The fourth Phase is zero-integrator. The
comparator output is connected to V., causing the
integrator output to return to 0 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-| 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:

W Auto-zero phase—1,500 counts
M Signal integrate—1,000 counts

This time period is fixed. The integration period is:

Ts:=1000{ 2 }

Fosc

Where l;') sc is the externally set clock frequency.

M Reference integrate—0 to 1,001 counts
B 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 (V,,). The typical range
is V1.3V 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 (V). Inthis case, analog common provides
a common mode bias point about 3.3 V below the
positive supply (V?).

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 V_,
exists in conjunction with a full-scale differential signal.
The input signal drives the integrator output negative
along with V. For such applications, the integrator
output swing can be reduced below the recommended
3.0V 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-
maode 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.

7-125




TSC825

NEW PRODUCT INFORMATION

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-

Tscosr  §
TSC05*

68

REF™

66

ANALOG COMMON

" FOR FULL-SCALE VOLTAGE <1.0 V,
USE TSC04. FOR Vgg 210V, le)
USE TSC05

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 pA 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.

Digital Section

The TSC825 digital section includes a clock
generator, A/D 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
A/D converter clock and further divided by 64 for the
six-cycle backplane generator. An oscillator resistor of
160 kQ will give an oscillator frequency of about 60 kHz
and A/D 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 0 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 Vto full-scale, the appropriate LCD segments will be
on.

The 100 segment of the LCD display is on
when the internal A/D 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. [f 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

HOLD

LCD DISPLAY

O RUN

™ | e

TSC825 DPDT SWITCH HOLD

DGND
ANNUNCIATOR
BP1

Figure 7: HOLD Mode Annunciator

(COM, Pin 66) provides acommon-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 3.5and 7V 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
10 uf REF*

P:
>
<
DGND REF™
.
=9V
0 com
1 Voisp
* +IN —WA—0 +
. v,
TSC825 T N
~IN —O -

Figure 8: Powering the TSC825
from a Single 9 V Battery

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 Vgand
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 nA. A 10 uF
capacitor must be connected between DGND and V
(Pin 6) to compensate the DGND amplifier.
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Figure 10: Powering the TSC825 from
a + 5V Power Supply

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 connected to the
power supply ground in + 5 V systems.

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 Ve

100 mV 100 mV
2V » 2V
Component Value Selection

Integrating Resistor (R ;)

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 pA
drive current with minimal linearity error. R, is easily
calculated for a 10 pA full-scale current:

Full-Scale Input Voltage (V) Vks

Rint =

10x107® 10x107®

where V,, = full-scale analog input.
Integrating Capacitor (C )

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:

Cur = Ves 2000

NT —

I Rint Fosc X Vint

where V|, = integrator swing and F .. = 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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suggested. Values from 0.15 uF to 0.47 uF are typical.
Table 2 gives several capacitor/resistor com-
binations for common full-scale input conditions .

Table 2: Suggested Component Values

2v 400 mV 100 mV

Full-Scale Full-Scale Full-Scale
Component V.. ~2V Vier ~ 400 mV Vags ~ 100 mV
Ry 200kQ 40 kQ 10 kQ
Cur 0.1 uF 0.1 uF 0.1 pF
C., 022uF  0.22 uF 0.33 uF
Rosc'  150kQ 150 kQ 150 kQ

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 kQ. 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.

The TSC825 external oscillator frequency,
F.. is set by resistor R, connected between pins 7
and 8. The oscillator frequency versus resistance
curve is shown in Figure 12.

F.. is divided by 2 to provide an internal
system clock. Each conversion requires 4,000 system
clockcycles. Theinternal systemclock 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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Figure 12: Oscillator Frequency VSR ..
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LCD BACKPLANE PHASE = FBPP = FSYS/64 VWA
LCO BACKPLANE FREQUENCY = FBP = FBPP/6 ROSC
SERIAL DATA CLOCK = FSCLK = FSYS/2

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

[

:
Vs osc2 f———oNC

osc1 OSCILLATOR

TSC825

Vg  DGND

(A) Single 9 V Supply

3
s 0sc2 F—O NC

w osct ——-“——' OSCILLATOR POWER
01 4F | SUPPLY l
TSC825 -5V
)

BV

(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,=1.0V, V, =10 mV).

Annunciator

The LCD annunciator output is a square wave
running at the backplane frequency (e.g., 78 Hz when
F... = 60 kHz). The peak-to-peak amplitude is equal
to V.- V.. Connecting an annunciator of the LCD
display to Pin 11 turns it on; connecting it to its
backplane turns it off.

Figure 15: LCD Backplanes and
0, 1, 2 Segment Waveforms

7-130



ONE-PERCENT ADC WITH LCD BAR GRAPH DRIVE

TSC825

Table 3: Segment Driver Vs Backplane Assignment

Pin No. BP1 BP2 BP3
16 0 1 2
17 5 4 3
18 6 7 8
19 11 10 9
20 12 13 14
21 17 16 15
22 18 19 20
23 23 22 21
24 24 25 26
25 29 28 27
28 30 31 32
29 35 34 33
30 36 37 38
31 41 40 39
32 42 43 44
33 47 46 45
34 48 49 50
35 53 52 51
36 54 55 56
37 59 58 57
38 60 61 62
39 65 64 63
40 66 67 68
41 71 70 69
42 72 73 74
45 77 76 75
46 78 79 80
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

LCD Display Drive Voltage (V ;)

The peak-to-peak LCD drive voltage equals
(V.- V,..). For most applications, V,, can be con-
nected directly to DGND (Pin 59). This connection will
provide a typical LCD drive voltage of 5 V, .

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 16 shows two circuits that
can be adjusted to give a temperature compensation
of about 10 mV/°C between V. (Pin 6) and V,.. The
diode between DGND and V,, should have a low turn-
on voltage because V,, must not exceed 0.3 V below
DGND.

LCD Displays

Most end products will use a custom LCD
display for final production. In high volume, low-cost
custom LCD displays are available from several
manufacturers. The TSC825 interfaces to multi-
plexed LCD displays with three (triplexed) backplane
drivers.

To speed evaluation and prototype develop-
ment, a standard display, originally designed for the
TSC827, is available from:

UCE Inc.

24 Fitch Street
Norwalk, CT 06855
203/838-7509

The part number for this display is 5000-
1X101. Figure 17 shows the display layout.
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Figure 16: Temperature Compensating Circuits Figure 17: TSC825 Typical LCD Bar Graph Display
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FEATURES

Bipolar A/D 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 ....... P 11 mwW
20 mV to 2.0 V Full-Scale Operation
Non-Muitiplexed LCD Drive for Maximum Viewing
Angle

Typical TSC826 Circuit Connection (Figure 1)

CINT
RINT T caz
8 3 10
VBUF CAZ VINT
1m0
—AAA—"—58] gAR/BOT CREF+ |2
CREF
1.0 uf
1M
so] _ls
—MWA— —ros CREF

——4 TEST
ROSC
TSC826 430 K
13

0sc2
. i)
g onfe
v REF ANALOG BARO—
S IN COMMON _IN _ +IN BAR40 POL—
7 1 1 3 2 S 57
£ 2 BACKPLANE
—| | ;|
R R £ v
9V 1 2 N E
o T 41 SEGMENT
2V 200 mV 20 mV ~IN  +IN LCD BAR GRAPH
COMPONENT | FULL-SCALE | FULL-SCALE | FULL-SCALE

RINT 2MQ 200 k2 23kQ

o el o Sl D B D D D D
CREF y

1 uf 1uf 1uf
Ry +Ry=250kQ
cAZ 0.068 uf 0.068 uf 0.14 uf 1772
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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 TSCB826 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 uV. 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 125 uA 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 alow 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-
scaledriftis alow 5 uV/° C. Conversion rate is typically 5
per second and is adjustable by a single external
resistor.

Acompact, 0.5” square, flat package minimizes
PC board area. The high pin count LS| package makes
multiplexed LCD displays unnecessary. Low cost,
directdrive LCD displays offer the widest viewing angle
and are readily available. A standard display is available
now for TSC826 prototyping work.

Ordering Information

Temperature
Part No. Package Range
60-Pin Plastic
TSC826CBQ Quad Flat Package 0°C to 70°C
Formed Leads
60-Pin Plastic i
TSC826CSQ Quad Flat Package 0°C to 70°C
Straight Leads
TSC826Y © CHIP 0°C to 70°C
Pin Configuration
828K 88IQVgR2e @
$§533§3§5338333%¢%
Jas] [a<] fo3] 2] [a1] [oo] [3] [od) [57) foe] [o5] 4] [33] [52] [37]

»

TSC826
(BQ) OR {sQ)

(2] [3][4] 5] (8] (o] fnof [11] 2] [r3] [raf Tas]
T M o =N
gz i lysItvyas
3= I 203 o o <
ZE e © O o
S
<0
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Absolute Maximum Ratings

Supply Voltage (V* to V")
Analog Input Voltage (either input)

1)

Package Power Dissipation

Flat Package (B, S)

Operating Temperature
(“C” Devices)

........................ 0°C to +70°C
Storage Temperature

-65°C to +160°C

Lead Temperature (Soldering, 60sec) ............ 300°C

Electrical Characteristics: vs =9V, ROSC = 430 k), TA = 25°C, Full-Scale = 20 mV unless otherwise stated.

TEST TSC826
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
1 — Zero Input Reading VIN =0.0V -0 +0 +0 Display
_ . . V]N = 00 \ _ o
2 Zero Reading Drift 0°C < Ta < 70°C 0.2 1 wVv/°C
. . Max Deviation From
3 NL Linearity Error Best Straight Line -1 0.5 +1 Count
4 — Rollover Error -VIN = +VIN -1 0 +1 Count
5 EN Noise VIN=0V - 60 — uVp-p
Input Leakage _ _
6 ILK Current ViN=0V 10 20 pA
Common-Mode VCM =+1V
7 CMRR Rejection Ratio ViN=0V - 50 WV
0<Ta<70°C
Scale Factor
8 — . External Ref. Temperature — 1 — ppm/°C
Temperature Coefficient Coefficient = 0 ppm/° C
250 k() Between
Analog Common + °
9 VCTC - Common and V — 35 100 ppm/°C
Temperature Coefficient 0°C < Ta<70°C
Analog Common 250 k() Between
10 Voltage Common and V§ 27 29 335 v
LCD Segment
" vsb Drive Voltage 4 5 6 Ve-p
LCD Backplane
12 VBD Drive Voltage 4 5 6 Vp-p
13 | Power Supply Current — 125 175 uA
Notes:

-

limited to 100 pA.

[N

. Input voltages may exceed the supply voltages when the input current is

. Static sensitive device. Unused devices should be stored in conductive

material to protect devices from static discharge and static fields.

w

. 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.
. Logic input pins 58, 59, 60 should be connected through 1 MQ series
resistors to Vs for logic 0.

IS
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PIN NO. NAME  DESCRIPTION
1 Analog  Establishes the internal analog ground point. Analog common is set to 2$9 V below the positive supply
Common by an internal zener reference circuit. The voltage difference between Vs and analog-common canbe
used to supply the TSC826 voltage reference input at REF IN (Pin 4).
2 +IN Positive analog signal input.
3 -In Negative analog signal input.
4 REF IN  Reference voltage positive input. Measured relative to analog-common. REF IN =~ Full-Scale/2.
5 Crer +  Reference capacitor connection.
6 Crer -  Reference capacitor connection.
7 v§ Positive supply terminal.
8 VBUF Buffer output. Integration resistor connection.
9 CAZ Negative comparator input. Auto-zero capacitor connection.
10 VINT Integrator output. Integration capacitor connection.
1 Vs Negative supply terminal.
12 0OSsC1 Oscillator resistor (Rosc) connection.
13 0sc2 Oscillator resistor (Rosc) connection.
14 BP LCD Backplane driver.
15 BARO LCD Segmentdriver: Bar 0
16 1 1
17 2 2
18 3 3
19 4 4
20 5 5
21 6 6
22 7 7
23 8 8
24 9 9
25 10 10
26 11 1
27 12 12
28 13 13
29 14 14
30 15 15
31 16 16
32 17 17
33 18 18
34 19 19
35 20 20
36 21 21
37 22 22
38 23 23
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Pin Description and Function (Cont.)
PIN NO. NAME  DESCRIPTION

39 BAR 24 BAR Segment driver: Bar 24

40 25 25

41 26 26

42 27 27

43 28 28

44 29 29

45 30 30

46 31 31

47 32 32

48 33 33

49 34 34

50 35 35

51 36 36

52 37 37

53 38 _ 38

54 39 39

55 40 40

56 OR LCD segment driver that indicates input out-of-range condition.

57 POL- LCD segment driver that indicates input signal is negative.

58 BAR/DOT Input logic signal that selects bar or dot display format. Normally in bar mode. Connectto Vs through
1M resistor for Dot format.

59 HOLD Input logic signal that prevents display from changing. Pulled high internally to inactive state.
Connect to Vs through 1MQ series resistor for HOLD mode operation.

60 TEST Input logic signal. Sets TSC805 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL-
LCD driver is on. Pulled high internally to inactive state. Connect to Vs with 1 M(} series resistor to
activate.
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Dual Slope Conversion Principles

The TSC826 is a dual slope, integrating analog-to-digital
converter. The conventional dual slope converter measure-
ment cycle has two distinct phases:

® |nput Signal Integration
® Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed time
period (Tsi). Time is measured by counting clock pulses. An
opposite polarity constant reference voltage is then inte-
grated until the integrator output voltage returns to zero. The
reference integration time is directly proportional to the input
signal (TRi). (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:

VR TRI

Tsi
1
_— VIN (t)dt = ———
e /lN() RC

where: g

VR = Reference Voltage

Vg| = Signal Integration Time (Fixed)

Tri = Reference Voltage Integration Time (Variable)
TRI

Tsi

Foraconstant ViN: vy = VR

c

INTEGRATOR
ANALOG R GRATO!
INPUT O-~——0
SIGNAL

COMPARATOR

S—

L- SWITCH DRIVER

REF
VOLTAGE

CONTROL CLOCK
LOGIC

PHASE CONTROL

POLARITY CONTROL

v 4

COUNTER 1

DISPLAY

Vin = V2VEyLL-scALE
Vin = V4VEyLL-scaLE

INTEGRATOR OUTPUT *

' FIXED I ‘
SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

Figure 2: Basic Dual Slope Converter

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-
fitis 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.
Interfereing 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
)
3
g
g U
o v
3 ’
o«
w /
o
8 4
g /
FE
H
I3
(=]
2 M/ T = MEASUREMENT PERIOD
|
0 1
0.1/T 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-

tion 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:

Ts = 32 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:

VIN
VREF

20

AUTO-ZERO

SIGNAL
INTEGRATE

REFERENCE INTEGRATE

- PHASE (AZ)
INTEGRATOR
OUTPUT
ANALOG

COMMON
POTENTIAL

INTERNAL SYSTEM
CLOCK (FSYS)

INTERNAL DATA

PHASE (S1)

SIGN BIT
DETERMINED \

N
,___ec__/’/

JEEE N R i AN il

E »
(DEINTEGRATE)

/-—\’8——

ZERO CROSSING
DETECTED

TRUE ZERO
CROSSING

ol

LATCH UPDATE
SIGNAL

T

Tp=<Vy |
NUMBER OF
l— COUNTS —p»
PROPORTIONAL
TO V)

|l@—— 19 COUNTS
MINIMUM

20 COUNTS

<€————————————  ONE CONVERSION CYCLE =80 COUNTS (Tcony = 80 X —eug)

41 COUNTS |
MAXIMUM
1
FSYS

Figure 5: TSC826 Conversion Has Three Phases
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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:

Tst = 20 E__
Fosc

Where Fosc is the externally set clock frequency.
® Reference Integrate: 0 to 41 Counts

Reference Voltage Selection

A fuli-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 VREF
20 mV 10 mV
2V 1V

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.

vt

vt

“~ \‘
TSC826 "“

REF IN|—3 TSC9491CJ

1.2v
REFERENCE

ANALOG
COMMON |7

(b)

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 uA drive current with minimal linearity
error. RINT is easily calculated for a 1 uA full-scale current:

Full-Scale Input Voltage (V) _ VFS
1x107° 1x1078

RINT =

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:

VFS 640
RINT FOSC X VINT

Where: VINT = Integrator Swing
FOSC = Oscillator Frequency

CINT =

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 uf to 0.068 uf are satisfactory.

Reference Capacitor (crer)

A 1.0 uf 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

2V 200 mv 20 mv

Full-Scale Full-Scale Full-Scale

Component VRer =1V VRer ~ 100 mV  VRer = 10 mV
RINT 2 MQ 200 k) 20 kO
CINT 0.033 uf 0.033 uf 0.033 uf
CREF 1 uf 1-uf 1 uf
Caz 0.068 uf 0.068 uf 0.14uf
Rosc 430 kQ 430 k) 430 k)

Figure 6: External Reference
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TSC826

A/D CONVERTER WITH
BAR GRAPH DISPLAY OUTPUT

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 Vi -10toV +1V.
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 (VEom).

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 véor
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 k() 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 TSCB826 transfer function is shown in Figure 7.

OVERRANGE H
INDICATION =
A a0 JR—
>
3
& ~-T-39 [t
e A ' i
g7 J
= e
a
1
il | -05 [0 | | [y | |
T T 1 I I LS I B
-2 -1 05 1 2 3 39 395 40 405
:—— T ANALOG INPUT
VFS
L] —_
(X 20 }

Figure 7: TSC826 Transfer Function

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 MQ resistor.

HOLD Input (rin 59)

The TSC826 data output latches are not updated at the end of
each conversion if HOLD is tied to the negative supply (Pin 11)
through a 1 MQ) 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 TSCB826 enters a test mode with the TEST input con-
nected to the negative supply (Pin 11). The connection must
be made through a 1 MQ resistor. The TEST inputis 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. i

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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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)

The oscillator should swing from v§to Vs in single supply
operation (Figure 10A). In dual supply operati+on the signal
should swing from power supply ground to Vs.

_L z "“ 5826 A. Single 9V Supply
= Jn 12 Ia
’- osc1  |oscz
Toa uf
L] EXTERNAL
OSCILLATOR
B. Dual Supply vi=sv
V§ |7
POWER
SUPPLY
".‘ T5C826 LT OSCILLATOR -___r
0.1 uf
.
v§|” -
Vg=5V

—¢
DISPLAY FLASH FREQUENCY
BACKPLANE FRE QUENCY-FBP

INTERNAL SYSTEM CLOCK-FSYS

S>>

osc2 [13 ocs1 |12

Y
Al

>
TC

INTERNAL SYSTEM CLOCK = FSYS = FOSC/32

LCD BACKPLANE FREQUENCY = FBP = FSYS/8

CONVERSION RATE = FOSC/2560

DISPLAY FLASH RATE = FOSC/10,240

Figure 9: Internal Oscillator Operation

The internal oscillator may be bypassed by driving OSCI (Pin
12) with an external signal generator. OSC2 (Pin 13) should
be left unconnected.

Figure 10: External Oscillator Connection

LCD Display Format

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 MQ 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/D CONVERTER WITH
BAR GRAPH DISPLAY OUTPUT

A. BAR MODE

1. INPUT =0 2. INPUT =5% of FULL-SCALE
BAR4 [ OFF C—/ OFF

BAR3 [ OFF C—3 OFF

BAR2 [ OFF ON

BAR1 [ OFF pZ2ZZ4a ON

BARO (ZZZZ3 ON ZzzZZ2 ON

B. DOT MODE

1. INPUT =0 2. INPUT =5% of FULL-SCALE
BAR4 [ OFF C— OFF

BAR3 [ OFF C— OFF

BAR2 ([ OFF 77773 ON

BAR1 [ OFF /) OFF

BAR 0 ON ) 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.
Suite 303

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.

LCD Backplane Driver (rin 14)

Additional drive electronics is not required to interface the

TSC826toan LCDdisplay. 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 T
g._rr I TSC826
Tp=25°C
_ 8 Vg=9V
e
g’ /
X 6 /
H
gs
3
3 s
&
a3
'3
2
i
0
12 3 4 9 1
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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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

SET POINT INPUTS/ALARMS

3 ; t ; t “OSC

+ — e e

O——+IN ISPL/ 1SPH/ MsP/ N/ EOC/
DIFFERENTIAL SPL SPH OVR out  HOLD caz l_ CINT
ANALOG I}
INPUT T3

o——4-In S RINT

- <

o ANALOG COMMON/ Tscez7 DIGITAL

VREF OUTPUT 1% ADC WITH SETPOINTS  GND 1
AND LCD DISPLAY DRIVE = SserIAL ] 080
[——=———ODATA | ResoLuTioN

O—e—4 +REF OuUTPUT
DIFFERENTIAL | e OSERIAL
REFERENCE CLOCK OUTPUT
INPUT

Lco
[ _ l—— o
REF VE s BIAS ADJUST

8e3 |BP2 [8P1
TRIPLEX
|| LCD DRIVE S:w‘e"c'"”
9V
HIGH SET POINT
ooo LOW SET POINT
99 100

OVERRANGE TRIPLEX LCD BAR-GRAPH DISPLAY

1% (100 DATA PLUS ZERO) RESOLUTION
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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 TSCB827 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 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 overrange logic
outputs are also provided for control applications.

Although the LCD bar-graph display is 101
segments, the TSC827 A/D 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 asingle 9V battery orfrom +5V
supplies, the CMOS TSCB827 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 TSCB827 is available in a compact 60-pin
flat package or a 68-lead Plastic Leaded Chip Carrier
(PLCC). For a 2.5% resolution A/D converter with bar-
graph output see the TSC826 data sheet.

Ordering Information

Lead Temperature
Part No. Package ‘Configuration Range
TSC827CBQ 60-Pin Flat Bent 0°C to 70°C
TSC827CSQ 60-Pin Flat Straight 0°C to 70°C
TSC827CLS  68-Lead PLCC — 0°C to 70°C
TSC827Y DICE — 0°C to 70°C

Pin Configuration

SEGMENT DRIVERS FOR LCD DISPLAY

68-LEAD PLASTIC
LEADED CHIP CARRIER (PLCC)

ol
Notes: 1. For 60-Pin Fiat Package, see Figure 32.
2. For Segment Driver Assignments, See Table 5.

7-146



PRODUCT INFORMATION

TSC827

Absolute Maximum Ratings

Supply Voltage (VE1OVg) «..ovvnivvniiiniinninnnn.n. 15V
Reference Voltage (REF+ or REF-) (Note 1) ....... V§to Vg
Input Voltage (+INor -IN) (Note 1) ................ Vsto Vg
VDISP + v vveenrnenenneneneuinenenanns V§to DGND -0.3 V
Digital Input (Pins 55 -64) .................... V§ to DGND
Integrator Input (Pind4) ...............oooiinnn Vs to Vg
Power Dissipation Plastic Package (Note 2) ....... 800 mW
Operating Temperature Range .............. 0°Cto 70 °C
Storage Temperature Range ............ -65°C to +150°C
Lead Soldering Temperature (10 Sec)) ............. 300 °C

Notes:

. Input voltages may exceed the supply voltages provided that input current is
limited to +100 uA. Currents above this value may result in invalid display
readings but will not destroy the device if limited to £1 mA.

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: vg = +5V, Rogc = 160 k, Ta = 25°C, Full-Scale = 100 mV unless otherwise specified

TSC827
NO. SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS
: - Under- .
1 — Zero Input Reading Vn=00V range 0 0 Display
2 — Zero Reading Drift Viy=00V — 0.2 1 uvV/°Cc
0°C=Ta=70°C
3 NL Linearity Error Max. Deviation -1 0.5 +1 Count
From Best Straight Line
EN Noise Vin=0 Vv - 25 — uVp._p
Ik Input Leakage Current V=0V — 10 50 pA
Common Mode Vem=%1V
6  CMRR  pejection Ratio V=0V L d8
0°C=Ta=70°C
Scale Factor A
7 — . External Ref. Temp. — 1 — ppm/°C
Temperature Coefficient Coefficient = 0 ppm/°C
8 Vcommon Analog Common Voltage Vs to Pin 66 3.1 33 35 \
Analog Common ° ° °
9 Vere Temp. Coefficient 0°C=Ta=70°C — 50 — ppm/°C
10 — Conversion Rate — — 7.5 —  conv./sec.
11 Ves Full-Scale Input Range — +0.1 —_ +20 \
Common Mode - V§-1.0 |+
12 Vewm Input Range - Vs +1.0 Vs +0.6 Vs-1.3 o
13 Vsp LCD Segment Drive Voltage = — 4 5 6 v
14 Vep LCD Backplane Drive Voltage — 4 5 6 \
15 Is Supply Current Vg=15V — 14 20 mA
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Pin Description and Function:

1% ADC WITH LCD BAR-GRAPH DRIVE

NO.

PINNO. .
68-Lead PLCC 60-Pin FLAT

PIN NO.

NAME DESCRIPTION
Package - Package
1 53 -IN Negative analog signal input.
2 54 +IN Positive analog signal input.
3 55 BUFF Buffer Output. Connect to integration resistor.
4 56 INT IN Negative integrator input. Connect to auto-zero capacitor.
5 57 INT OUT Integrator output. Connect to integration capacitor.
6 58 V§ Positive supply voltage. Typically +9V battery or +5 V supply.
7 59 0OSC, Oscillator resistor (Rogc) connection.
8 60 0OSC, Oscillator resistor (Rogc) connection.
: Annunciator driver. Output is a square wave at the backplane frequency. Any

" 1 Annunciator LCD segment attached to annunciator will be turned ON.

12 .2 Vpisp Sets LCD display voltage drive level. Normally connected to DIGITAL GND (DGND).

13 3 BP1 Backplane 1 of LCD display

14 4 BP2 Backplane 2 of LCD display

15 5 BP3 Backplane 3 of LCD display

~ _ ~ Segment drivers for bars 0 through 98 of LCD display. For segment/backplane,
16-52 6-38 0-98 assignments, see Table 5.

53 39 UR, 100,99 Segment drivers for underrange, 100, 99

54 40 OR, LL,HL  Segment drivers for overrange, low limit, high limit.

55 41 iN/OUT 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. '

56 42 'ISPL/SPL  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.

57 43 ISPH/SPH  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.

58 44 MSP/OVR 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.

59 45 DGND Digital Ground. Internal reference voltage for internal logic and LCD dispiay. Do

. not connect to power supply ground. Connect a 10 uF capacitor from DIGITAL
GND TO Vpp (Pin 6). See applications section for details.

62 45 SCLK Output. Clock for serial data output.

! Output. Serial data output. After each conversion, the result (1000 counts, max.,

63 47 SDO in BCD Format) and Overrange and Underrange flags are output on this pin. After
set points are changed or displayed, the set point value_will be output as soon as
ISPL or ISPH go High.

64 48 EOC/HOLD = Bidirectional pin. Pulses HIGH at the end of each conversion. If held LOW
conversions will continue but the display is not updated.

65 49 Vs Negative supply voltage input. Typically battery ground or -5 V supply.

66 50 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 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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Figure 1: TSC827 Typical Schematic

® Input Signal Integration

c
® Reference Voltage Integration (Deintegration)
R
fs%%ig—o COMPARATOR The_ input signal bging converted is integrated for a fixed time
} period (Tg). 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-
REF contRoL cLock ence integration time is directly proportional to the input signal
VOLTAGE PHASE CONTROL (Tr)- (Figure 2).
In a simple dual slope converter a complete conversion re-
quires the integrator output to “ramp-up” and “ramp-down.”
3 A simple mathematical equation relates the input signal refer-
£ DISPLAY COUNTER ence voltage and integration time:
[=]
« - T.
E ; ViN= V2VeyLL-scALE s!
§ “«———VIN ™ VFULL-SCALE 1 VaT
£ ' _ Vi (Hdt =_VYRIRI
Fxeo 1 1 RC RC
SIGNAL VARIABLE
INTEGRATE REFERENCE O
INTEGRATE TIME
Figure 2: Dual Slope Converter Block Diagram where:
Dual Slope Conversion Principles Va = Reference Voltage

Ts) = Signal Integration Time (Fixed)

The TSC827 is a dual slope, integrating analog-to-digital con- Tr = Reference Voltage Integration Time (Variable)

verter. The conventional dual slope converter measurement T
cycle has two distinct phases: For a constant Viy: Vin = VR +
Sl
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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 theintegration periods. Integrating ADCs are 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 will be attenuated. (Figure 3).

30

Vi
//

/7

NORMAL MODE REJECTION (dB)

/ T =MEASUREMENT PERIOD

0
0.1/T

Ut
INPUT FREQUENCY

Normal-Mode Rejection of Dual Slope
Converter

10/T

Figure 3:

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.
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Figure 4: TSC827 Analog Section
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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:

Ts = X 1000

Fosc
Where:

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.

Reference Integrate Cycle

The third phase is reference deintegrate. Viy is connected
internally to REF+, and V}y 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 VIN Vin
VRer VRer

As with the analog input, the differential reference input must
be within the common mode range (Vg + 1.0 V to Vg - 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 MSP/ OVR d|g|tal out-
put to a logic LOW.

, while the internal conversion result is 1000

Zero-Integrator

The fourth cycle is Zero-integrator. The comparator output is
connected to V), causing the integrator output to returnto 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-l. The Z-|
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:

Tg = 1000 | -2
Fosc

Where Fogc 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 (Vgm). The typical range is V' -1.3to 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 (Vcowm). 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 negative Vg exists in conjunc-
tion with a full-scale differential signal. The input signal drives
the integrator output negative along with Vg. 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 Vg without increased linearity error.

Differential Reference Inputs
(REF+, Pin 67; REF-, Pin 68)

The TSCB827 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 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 TSCO5, can also be used. The circuit is shown in
Figure 6.

ov
<)
b3
6
) o
v§
» g 4 pers I
Tscoat € Tscs27

TSCO5*

68

REF™

66

ANALOG COMMON

* FOR FULL-SCALE VOLTAGE <10V,
USE TSC04. FOR Vg >1.0 V,
USE TSC05

Figure 6: Using TSC827 with an External Reference

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, acommon-mode voltage exists in the system
and is attenuated by the CMRR of the converter. However, in
some applications V)y 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 voitage 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 FET that
can sink 5 mA or more. However, there is only. 12 uA 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 TSCB827 digital section includes a clock generator, A/D
conversion counters and control logic, display drivers fora 101

segment LCD bargraph, serial data output, and set point logic.
A simplified block diagram'is shown in Figure 7.
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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 kQ will give an oscillator frequency
of about 60 kHz, backplane repetition rate of 78 Hz, and A/D
conversion rate of 7.5 second.

The TSCB827 drives a triplexed LCD display. Three backplane
and 35 segment drivers yield 105 display segments, arranged
as 0through 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 0 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 0 V to full-scale, the appropriate LCD segments will be
“ON.”

The “100” segment of the LCD display is “ON” when the inter-
nal A/D conversion result is =1000 counts. When the analog
input equals or exceeds 1001 counts, an overrange condition
exists. The “Overrange” LCD segment willbe “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.
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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 A/D 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 (E0C/ROLD, 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 kQ in series with the output, it can only drive a single
CMOS gate. A Schmitt-trigger buffer (such as a 74C14) should
be used if fast rise/fall times are required. Also, precise timing
relationships between EOC 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 (spo, 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 TTL load.

64
DISPLAY
EOC/HOLD O - UPDATE

VWA

~200 k2

EOC

"

TSC827

Figure 10: EOC/HOLD Pin Schematic

EOC/HOLD

LCD DISPLAY

ﬂ\

TsC827

DGND
ANNUNCIATOR
BP1

Figure 11: “HOLD” Mode Annunciator

Serial Clock (scLk, Pin 62)

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 1/2 system clock. SCLK will drive
one TTL load.

AND THE FIRST SCLK PULSE

EOC —J_I

NOTE: THERE IS A DELAY OF 10 SYSTEM CLOCKS
BETWEEN THE FALLING EDGE OF EOC

P Tscezr

T

stk LT LALLM e

o
Lvn_Jon Jatosooroonjarooch

Jatoo [aroc] atos]atoafaio Jarc Jate Jara |

CLOCK

NOTE: SYSTEM CLOCK FREQUENCY IS 1/2 fosc

Figure 9: TSC827 Serial Data Output Waveform
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Table 1: Decoding Serial Data Output

SCLK
Pulse SDO Data
1 UR — Underrange
2 OR — Overrange
3 Q1000 — 1000s digit
4 Q100D — Bg of 100s digit (BCD)
5 Q100C — B4 of 100s digit
6 Q100B — B of 100s digit
7 Q100A — By of 100s digit
8 Q10D — Bg of 10s digit
9 Q10C — B, of 10s digit
10 Q108 — B, of 10s digit
11 Q10A — By of 10s digit
12 Q1D — Bg of 1s digit
13 Qi1C — B4 of 1s digit
14 Q1B — B, of 1s digit
15 Q1A — By of 1s 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 101 10 H H
Set point 100 10 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 (EOC) 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 ISPL/SPL) control set point entry. Table 4
shows the relationship between the four inputs, and Figure 12
isthe 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  WMSP/OVR  DISPLAY
1 OUTPUT  OUTPUT  OUTPUT A'}ﬁm
o 0 o x e
o 1 x
oo g

Input/Output (N/ouT, Pin 55)

This input determines whether the three bidirectional pins will
be inputs or outputs. When IN/OUT is a logic HIGH, pins 56,
57, and 58 are the low set point, high set point, and overrange
alarm outputs respectively. When IN/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.LED 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 “0,” this pin is
used to input the set point value. The first negative-going puise
will reset the appropriate set point register to-zero counts.
Eachadditional pulse willincrement the register by one count.
Holding MSP LOW will; after a delay of eight A/D conversions,
cause the set point register to increment at the A/D conversion
rate. If 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.

olf 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 d;splayed without changing the contents of the
registers.
When IN/OUT 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
“LOW"” LCD ANNUNCIATOR “ON"; LOW SETPOINT REGISTER
IN/OUTII CONTENTS DISPLAYED; LOW SETPOINT ALARM “OFF’ r

ISPL 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.

Applications Information
Power Supplies

The TSCB827 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 uF S Rert >
b3
N DGND REF™
=9V
5 com
Voise
N AM-—0 +
Tscs27 - Vin
’ ~IN o-
Vs

Figure 13: Powering the TSC827 from a Single 9 Volt
Battery
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Figure 12: Sequence for Entering Set Points

Figure 14: Powering the TSC827 from a Low-Voltage
Battery
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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
TSC7€60 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 respectto power supply ground.
Digital Ground (DGND, pin 59) must notbe connected to power

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 Vg 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 uA. A 10 uF
capacitor must be connected between DGND and Vg (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
be 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 limitis Vg +1VtoVg-1.3V.

33v
COMMON
O

Vv

)
ﬁl; L]

AAA
\4

VWA~

» !
DIGITAL Y
GND Y
_ o

.
DIGITAL =
SECTION T 10kF

TSC827

o V5

Figure 16: Generating Analog Common and Digital GND
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Table 5: Suggested Component Values

Required Full-Scale Voltage i VRer
100 mV 100 mvV 2V 400 mV 100 mV
XY, 2V - Full-Scale Full-Scale Full-Scale
Component Vpgg=~2V VRge~400mV Vgge =~ 100 mV
The internal voltage reference potential available at analog- RinT 200 kQ 40 kQ 10 kQ
common will normally be used to supply the converters refer- CiNT 0.1 uF 0.1 uF 0.1 uF
ence. This potential is stable whenever the supply potential is Caz 22 uF 22 uF 33 uF
greater than approximately 7 V.In applications where an exter- Rosc 150 kQ 150 kQ 150 kQ

nally generated reference voltage is desired refer to Figure 6.

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 integra-
tion resistor value. The internal class A output stage amplifiers
will supply a 10 uA drive current with minimal linearity error.
RINT is easily calculated for a 10 pA full-scale current:

_ Full-Scale Input Voltage (V) _ VFS

Rint
10X 107® 10X 107®

Where: VFS = Full-Scale Analog Input

Integrating Capacitor (cnm)

The integrating capacitor should be selected to achievea 3.5V
to 4Vintegrator output swing. The integrator output will swing
to within 0.4 V of Vg without saturating.

The integrating capacitor is easily calculated:

oNT= 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 uF to 0.47 uF are satisfactory.

Several capacitor/resistor combinations for common full-
scale input conditions are given in Table 5.

1. Approximately 7.5 conversions/sec.

Input Filter

For added stability, an RC input noise filter is usually inciuded
inthe circuit. The input filter resistor value is typically 100 kQ. A
typical RC time constant value is 16 ms to help reject line-
frequency noise. The input filter capacitor should have low
leakage.

Applications Information
Digital Section
Oscillator Operation

The TSC827 external oscillator frequency, Fogc, is set by resis-
tor Rposc, connected between Pins 7 and 8. The oscillator
frequency vs. resistance curve is shown in Figure 17.

™ T T TI7T
200 A
Tsce27 | 11
600 €” Vg = +6 v
400 Ta = 26°C 444
200 N
N
= N
£ 400 ™
s 80
3w NC
B N
20
!
10
10 20 40 6080100 200 400 800 1M
Rosc ()

Figure 17: Oscillator Frequency vs Rogc

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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N Connecting to External Logic
(49
External logic can be directly reference to Digital Ground
SERIAL DATA CLOCK-FSCLK (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
BACK PLANE FREQUENCY-FBP shown in Figure 21. For interfacing to large digital systems, a
buffer amplifier can be used to sink additional ground current
BACKPLANE PHASE-FBPP (Figure 22).
INTERNAL SYSTEM CLOCK-FSYS
v
L1 :
Vs
EXTERNAL
> LOGIC 1\‘
e 0sc2 ocs1 TSC827
INTERNAL SYSTEM CLOCK = FSYS = FOSC/2
LCD BACKPLANE PHASE = FBPP = FSYS/64 AAA
LCD BACKPLANE FREQUENCY = FBP = FBPP/6 ROSG | 59
SERIAL DATA CLOCK = FSCLK = FSYS/2
1
Figure 18: Internal Oscillator Operation Lose
External Oscillator Operation
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 20: External Logic Referenced Directly to DGND
Figure 19.

-5.0 ——
TSC827
- Ta= 25°C —-L—
Vi osc2f——onc +Vg = (V§ - Vg§)
4 s Q\Q\
> osc1j—— osciLaTor | OV = o 2 =~ —~——— l
z 2 SRS ev
Tscs27 § g ~
vs  DGND 3 s \\\‘ 14V
fy A\
e~ 12
£ \\w \\ o\
(A) Single 9 V Supply \ \'
—4.0
[ ) ) 16 2 32 40
V§  oscz—onc sy IDIGITAL GROUND (mA)
> osc1b—] |—-| OSCILLATOR | SoweR,
Tscsz7 0.1 uF v Figure 21: DGND Voltage vs Current vs +Vg
Vs  DGND =
(B) Dual Supply

Figure 19: External Oscillator Connection
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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
resistoris 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"

Figure 23: Two-Switch Set Point Entry

Switch debouncing for set point entry requires only one capac-
itor. When configured as inputs, Pins 55 through 58 have a 1 uA
to 2 uAinternal pullup to V§ . The input gate includes about 0.8
Vofhysterisis (V. =0.7 V, V1 y=1.5V). Therefore, connecting a
small capacitor to MSP as shown in Figure 23 will provide
debouncing for the set point switch. Switchbounce in ISPL and
ISPH will be ignored, because the set point will not change
unless MSP goes LOW while ISPL or ISPH are LOW.

uP Set Point Entry

Set points can also be entered from the 1/0 port of a uP or uC. 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. Interfacing to a uP 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 I/0 lines to enter the desired data. An exam-
ple, using the 65C22, is shown in Figure 25. First, the IN/OUT
input is made a logic LOW, causing the ISPL, ISPH, and MSP
pins tobecome inputs.1/0 port pins PA1 through PA3 are then
made outputs, to control the data entry. Next, either ISPL or ISPH
isbrought 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 IN/OUT is brought HIGH to return pins 56,57, and 58
to their output state.

=
\

PAD N/ouT

PA1 ISPL /SPL
65C02 uP PA2 TSPR/SPH

PA3 MSP/OVR

q“

TSC827

v§
65c22 j’- '
+ vs
_[ 10 uF DGND S

Figure 24: TSC827 Intertace to uP or uC
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65C22 Register Contents

DATA DIRECTION REGISTER A

DATA REGISTER A

DDRA3 DDRA2 DDRA1 DDRAO
(MSP/OVR) (ISPH/SPH) (ISPL/SPL) (IN/OUT)
I 1 [ 1 I 1 [ o l
1 1 1
0 0 0 0
L]
L]
L]
0 0 0 0
1 1 1 0

PA3 PA2 PA1 PAO

1 1 1 1 Read set points and overrange alarms on

PA1 - PA3
Make ISPL, ISPH and MSP into inputs

Make PA1 and PA3 outputs
Select low set point
Pulse MSP LOW to clear set point register

O N SO
4 a4 a4 a4
O O O = =
o O O O ©

. Pulse MSP to input desired set point value

1 1 1 0
1 1 1 1

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 bringingm/ OUTtoalogic 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 uP inter-
face applications will not be limited by the TSC827 logic
delays, fast uPs 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 a uP may simply wish to read the set point
value. In this case, a minimum pulse width of 1 usec at SPL or
SPH is required.

15 uS 15 uS
—

NJouT \ J
iSPL or 1SPH ‘ \ _J

|<.1o “S"l
3 ]

\_/
zus__-| ‘4—

Figure 26: Recommended Timing for 4P 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 abargraph 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 “0, 1,2” segment driver (Pin 16)
when b\:}x)rs Oand 1are“ON” andbar2is“OFF” (VFS=1.0V,VIN
=10 mV).

Figure 27: LCD Backplanes and 0, 1, 2" Segment
Waveforms
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Gﬂ-l.ggd 60-Pi'|(‘l Flat
PL Package
PinNo.  Pin No. &S
16 6 0 1 2
17 7 5 4 3
18 8 6 7 8
19 9 1 10 9
20 10 12 13 14
21 1 17 16 15
22 12 18 19 20
23 13 23 22 21
24 14 24 25 26
25 15 29 28 27
28 16 30 31 32
29 17 35 34 33
30 18 36 37 38
31 19 41 40 39
32 20 42 43 44
33 21 47 46 45
34 22 48 49 50
35 23 53 52 51
36 24 54 55 56
37 25 59 58 57
38 26 60 61 62
39 27 65 64 63
40 28 66 67 68
41 29 71 70 69
42 30 72 73 74
45 31 77 76 75
46 32 78 79 80
47 33 83 82 81
48 34 84 85 86
49 ~35 89 88 87
50 36 90 91 92
51 37 95 94 93
52 38 96 97 98
53 39 UR 100 99
54 40 OR LL HL

Table 5: TSC827 Segment Driver vs Backplane
Assignment

Annunciator (rin 11)

The annunciator output is-a square wave running at the back-
plane frequency (for example, 78 Hz when Fogc = 60 kHz). The
peak-to-peak amplitude is equal to Vg-DGND. Connectingan
annunciator of the LCD display to Pin 11 turns it on; connect-
ing it to its backplane turns it off.
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LCD Display Drive Voltage (vpgp, Pin 12)

The peak-to-peak LCD drive voltage is equal to (V§ - Vpgp). For
most applications, Vpigp 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 Vg (Pin 6) and
Vpisp- The diode between DGND and Vpsp should have a low
turn-on voltage because Vpigp cannot exceed .3 V below
DGND.

vt

L

39k 10uF

DGND

20k I&—K 22222 -

Tscs27

Voisp

<
318k
<

vt

, L
1N4148 gz :; 39k 10 uF
<

200 k

AAA- 59 pano
Tsc827
- 12
> Voise
5k

A

VWA — WA

3
x
AAA

v-

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
TSCB827 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 A/D Converter data can be displayed both on a
bar-graph and a numeric LCD display. This application com-
bines the ease of recognition inherentin 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 (EOC) 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, the uP can read the serial data
through an /0 port. Atypical circuitis shownin Figure 31. The
TSC7211AM, abus-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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OVR,HL,LL

99,100,UR
96,97,98
93,94,95
90,91,92
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75,76,77
72,73,74
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63,64,65
60,61,62
57,58,59
54,55,56
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45,46,47
42,43,44
39,40,41
36,37,38

33,34,35
30,31,32
27,28,29
24,25,26
21,22,23
18,19,20
15,16,17
12,13,14

9,10,11

6,7,8
34,5

1,2

ANNUNCIATOR

BP 3
BP 2
BP 1

CONOINLWON =

Figure 29: TSC827 Typical LCD Bar-Graph Display
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70 g @
. (% T TATAT T 0000

s

—] COUNT UP". CARRY STROBE CD4054 }—— STROBE  CD4056 F—— STROBE  CD4056 |——{STROBE  CD5056

TsC827 Loap 740183 IN3 N2 INT D C B A D C B A

A
i ] J l r

EOC l
74C14 Qs Q14 Q13 012 Q11 a0 09 o8 Q7 a6 a5 04 Q@ Q2 a1 ao

o
o
@

SCLK, CLOCK

sD0 - SERIAL DATA INPUT 2 EACH 74C164
9V i GND
104F
T ]
Figure 30: 827 Interface to Numeric LCD Display
4-DIGIT NUMERIC LCD
} TSC7211AM K
Low HIGH
UNDER oMt e over
FEVINIEELL oooccccc00noc0000000 LARRRRAREY]
0 10 20 100
ﬁ |\_ 101-SEGMENT BAR-GRAPH LCD
LCD BAR-GRAPH
DRIVERS
vsc827 1/0 PORT
7414
EOC/HOLD —Do—— INTERRUPT up
sD0 A
SCLK INPUT B

Figure31a: TSC827 Serial Interfaceto a Microprocessor
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SEMICONDUCTOR

The Analog Signal Processing Company ™

TSC828
LCD DISPLAY DRIVER
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS

FEATURES

m Drives Three 3-1/2 Digit LCD Displays

m Direct Interface to TSC827 Bar Graph A/D Converter

— Displays A/D Result, High Limit, Low Limit
Simultaneously

— Displays A/D 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 ............c..oiiiiiii. 500 pA

Single 5 V Power Supply

FUNCTIONAL DIAGRAM

HIGH LOW LIMIT DATA HIGH LIMIT
Low OVER UNDER

oven 1aag 1000 1aag

v i

LOW SET POINT HIGH SET POINT
DATA LATCH/
LATCH/LCD LATCH/LCD
DRIVER LCD DRIVE DRIVE
|
o BCD TO 7-SEGMENT DECODERS
TSC828
Lco
TRIPLEX
LEVEL
SHIFTERS
SERIAL
DATA 15-BIT SHIFT REGISTER I
INPUT
ALARM SET POINT DECIMAL
CONTROL :> ALARM BUZZER POINT
INPUTS CONTROL DRIVER CONTROL
ALARM OUTPUTS BUZ DECIMAL POINT
INPUTS
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LCD DISPLAY DRIVER

WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS

TSC828

GENERAL DESCRIPTION

The TSCB828 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 as a numeric display
companion for the TSC827 101 segment bar graph A/D
converter. In this application the TSC827's High set
point, Low set point, and A/D 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 TSCB828 can also be used as a flexible,
general purpose display driver for uP 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 500 #A from asingle 5V
supply. The TSC828 is packaged in a 68-lead plastic
leaded chip carrier (PLCC).

Ordering Information

Temperature
Part No. Package Range

68-Pin Plastic Leaded
Chip Carrier (PLCC)

TSC828CLS 0°C to +70°C

Pin Configuration

H-AGD3 [} TSC828 [gMSP
H-FE3 [ . : [} MSP/OVR
H-BCP4P5 [£] ) iSPH
68 LEAD PLASTIC it
D-BC1 [¢] LEADED CHIP CARRIER (PLCC) ISPH/SPH
D-AGD1 [} SPH
D-FEP1 [ [1q SPL
D-BCP2 [5] iSPL
D-AGD2 3] ] ISPL/SPL
D-FE2 5] 5} GND
NC [ 5| NC
]3]0 2| 6|0|@|0|0]B]B]0|8]0)3| 00
v @
SR
6n°$"_|-".'l.a-‘.!|3"gz_
4 =3
E
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Absolute Maximum Ratings:

Supply Voltage (Vg"to GND) ................ 6V Operating Temperature Range ..... 0°C to +70°C
Digital Inputs .................... ... Vs* to GND Storage Temperature Range ..... -65°C to +150°C
VDISP «+vvvvriiiiiinininnnn Vg* to GND - 0.3 V 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: Vg = +5 V, GND = 0 V, Rogg = 160 kQ, Ta = 25°C

SYMBOL PARAMETER TEST CONDITIONS MIN T§I'CY?='28 MAX |UNITS
Vi Logic “1” Input Voltage 1SPL, ISPH, MSP — 22 238 v
Vi Logic “0” Input Voltage 1SPL, I1SPH, MSP 0.8 11 — v
lin+ Logic Pulidown Current 5|Z?':5 58-(0F\I/_AG — 10 — A
RALARM - 0 -
liN- Logic Pullup Current ISPL, ISPH, MSP — 1 — LA
ViL=00V
tepw EOC Pulse Width 2 — - us
tENABLE EOC Enable Time — 4 — us
topw Serial Clock Pulse Width — — us
fok Serial Clock Frequency 150 250 — kHz
ips Data Setup Time — 2 — us
ton Data Hold Time —_ 2 — us
tipL Internal Data Latch Time —_ 2 — us
laL Alarm Output Sink Current, Low VoL =25V 75 120 — mA
laH Alarm Output Source Current, High Vpony =25V 10 20 - mA
Buzzer Output Current, Low VoL=25V — 15 — mA
Buzzer Output Current, High Voyg =25V — 7 — mA
Buzzer Frequency — fosc/32 — Hz
fosc Oscillator Frequency — 60 — kHz
Display Multiplex Rate —  fosc/768 — kHz
LCD Driver Output Impedance — 10 — kQ
Vs Power Supply Voltage 4 5 6 \
Is Operating Supply Current Vg=5V — 500 — MA
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Pin Description and Function

Pin

Number Name Function Description ‘

1 LBCP2 LCD LCD segmentdrivers for “b”, “c” segments of 2nd LSD (10’s digit) of Low

. Set Point Register, and decimal point 2 (P2).

2 LAGD2 LCD LCD.segment drivers for “a”, “g”, “d” segments of 2nd LSD of Low. Set
Point Register. .

3 LFE2 LCD LCD segment drivers for “f", “e” segments of 2nd LSD of Low Set Point
Register. :

4 LBCP3 LCD -LCD segment drivers for “b”, “c” segments of 3rd LSD (10’s digit) of Low
Set Point Register, and decimal point 3 (P3).

5 LAGD3 LCD LCD segmentdrivers for “a”, “g", “d” segments of 3rd LSD of Low Set Point
Register.

6 LFE3 LCD LCD segment drivers for “f”, “e” segments of 3rd LSD of Low Set Point
Register.

7 LBCP4P5 LCD LCD segmentdrivers for “bc” segment of Most Significant Digit (1,000's
digit) of Low Set Point Register, decimal point 4 (DP4), and decimal
point 5 (P5).

8 HLNORM LCD LCD segment drivers for “high”, “low”, “normal” segments of set point

: alarm status.

9 NC No internal connection.

10 NC No internal connection. :

" GND POWER Power Supply common. Connect to DGND of TSC827 or to GND of
power supply.

12 ISPL/SPL I/01 Connect to ISPL/SPL of TSC827. See Figure 16.

13 ISPL INPUT Input low set point. When ISPL is conniected to GND, the low set point
limit can be entered into a companion TSC827. '

14 SPL OUTPUT  Low set point alarm output. SPL will be low when the TSC827 analog
input is < the low set point register contents.

15 SPH OUTPUT  High set point alarm output. SPH will be low when the TSC827 analog
input is > the high set point register contents.

16 ISPH/SPH 1/01 Connect to ISPH/SPH of TSC827. See Figure 16.

17 ISPH INPUT Input the high set point. When ISPH is connected to GND, the high set
point limit can be entered into a companion TSC827.

18 MSP/OVR 1/01 Connect to MSP/OVR of TSC827See Figure 16.

19 MSP INPUT Modify the set point limit. See text. .

20 OVR OUTPUT  Overrange alarm output. OVR will be low when the TSC827 analog

input is greater than full scale.
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Pin Description and Function (Continued)

Pin

Number Name Function Description

21 RALARM INPUT Reset alarm. Connecting RALARM to GND will asynchronously reset
the alarm output latches (SPL, SPH and OVR will go high and the buzzer
will be off).

22 IN/OUT 1/01 Connect to IN/OUT of TSC827. See Figure 16.

23 EOC/HOLD 1/01 Connect to EOC/HOLD of TSC827. See Figure 16.

24 OsC2 osC Oscillator resistor (ROSC) Connection.

25 OSsC1 osC Oscillator resistor (Rogg) Connection. Also, OSCH1 is the oscillator
input if an external oscillator is used.

26 NC No internal connection.

27 NC No internal connection.

28 Vs* POWER Positive power supply connection. Connect to +5V supply, or to positive
terminal of 9 V battery.

29 BUZ OUTPUT  Audio frequency driver for piezoelectric transducer. The buzzer will be
on when any alarm output is active.

30 SCLK 1/01 Serial clock input. Display data is clocked into the TSC828 on the rising
edge of SCLK. Connect to SCLK of TSC827.

31 SDI 1/01 Serial data input. Connect to SDO of TSC827.

32 Vpisp LCD Sets LCD display drive level. Normally connected to digital ground
(GND).

33 BP1 LCD Backplane #1 output of LCD driver.

34 BP2 LCD Backplane #2 output of LCD driver.

35 BP3 LCD Backplane #3 output of LCD driver.

36 DP/FL5 INPUT Input to control decimal point/flag #5. Connecting to Vg* turns the DP
on; no connection or connecting to GND turns the DP off.

37 DP/FL4 INPUT Input to control decimal point/flag #4. Connecting to Vg* turns the DP
on; no connection or connecting to GND turns the DP off.

38 DP/FL3 INPUT Input to control decimal point/flag #3. Connecting to Vg* turns the DP
on; no connection or connecting to GND turns the DP off.

39 DP/FL2 INPUT Input to control decimal point/flag #2. Connecting to Vg* turns the DP
on; no connection or connecting to GND turns the DP off.

40 DP/FL1 INPUT Input to control decimal point/flag #1. Connecting to Vg* turns the DP
on; no connection or connecting to GND turns the DP off.

Ll ANNUNCIATOR LCD Output is a square wave at the backplane frequency. Any LCD segment

attached to ANNUNCIATOR will be turned on.

7-169



LCD DISPLAY DRIVER
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS

TSC828

Pin Description and Function (Continued)

Pin

Number Name Function Description

42 HBC1 LCD LCD segment drivers for’b”, “c” segments of Least Significant Digit

i (LSD). of High Set Point Register.

43 NC No internal connection.

44 NC No internal connection.

45 HAGD1 LCD LCD segment drivers for “a”, “g”, “d” segments of LSD of High Set Point
Register.

46 HFEP1 LCD LCD segment drivers for “f”, “e” segments of LSD of High Set Point
Register, and decimal point P1.

47 HBCP2 LCD LCD segment drivers for’b”, “c” segments of 2nd LSD (10's digit) of High
Set Point Register, and decimal point P2.

48 HAGD2 LCD LCD segment drivers for “a”, “g", “d” segments of 2nd LSD of High Set
Point Register.

49 HFE2 - . LCD LCD segment drivers for “f”, “e” segments of 2nd LSD of High Set Point

. Register.

50 HBCP3 LCD LCD segment drivers for “b”, “c” segments of 3rd LSD (100’s digit) of
High Set Point Register, and decimal point 3 (P3).

51 HAGD3 LCD LCD segment drivers for “a”, “g", “d” segments of 3rd LSD of High Set
Point Register.

52 HFE3 i LCD LCD segment drivers for “f”, “e” segments of 3rd LSD of High Set Point
Register.

53 HBCP4P5 LCD LCD segment drivers for “bc” segment of MSD of High Set Point
Register, decimal point P4, and decimal point P5.

54 DBC1 LCD LCD segment drivers for “b”, “c” segments of LSD of TSC827 a-d
conversion result.

55 DAGD1 LCD LCD segment drivers for “a”, “g”, “d” segments of LSD of TSC827 a-d
conversion result.

56 DFEP1 LCD LCD segment drivers for “f’, “e” segments of LSD of TSC827 a-d
conversion result, and decimal point P1. :

57 DBCP2 LCD LCD segment drivers for “b”, “c’” segments of 2nd LSD (10’s digit) of
TSC827 a-d conversion result, and decimal point P2.

58 DAGD2 LCD LCD segment drivers for “a”, “g”, “d” segments of 2nd LSD of TSC827
a-d conversion result.

59 DFE2UR LCD ' LCD segment drivers for “f”, “e” segments of 2nd LSD of TSC827 a-d

: conversion result, and Underrange flag.
60 NC No internal connection.
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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
TSCB827 a-d conversion result, and decimal point P3.

63 DAGD3 LCD LCD segment drivers for “a”, “g”, “d” segments of 3rd LSD of TSC827 a-d
conversion result.

64 DFE3OR LCD LCD segment drivers for “f”, “e” segments of 3rd LSD of TSC827 a-d
conversion result, and decimal point 3 (P3).

65 DBCP4P5 LCD LCD segment drivers for “bc” segment of MSD of TSC827 a-d
conversion result, decimal point P4, and decimal point P5.

66 LBCH1 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

tps —» l&— —»| re—tpy
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Figure 2. Typical Application
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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 TSCB828 receives data from the TSC827 A/D
converter via the serial data input and serial clock.
Logic on the TSC828 determines whether the received
data should be latched into the A/D 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

The TSC828 simplifies the entry of set points
into a TSC827 by demultiplexing the bidirectional set
pointinput/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 TSCB827 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.

>
>
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In the uP peripheral mode, data is transferred
from the uP to the TSC828 via a serial interface. Only
five uP input/output (1/0) pins are required to load all
three display registers

Five decimal points or annunciator flags on the
TSC828 LCD display can be controlled directly by
digital inputs. LCD drivers for the decimal points are
included for all three numeric displays (A/D result, low
set point, and high set point). A separate LCD annun-
ciator outputis 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 operates fromasingle 5V
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 Format

The TSC828 data entry format is shown in
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 digits (value 0 through 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 internal structure of the shift register, BCD
to seven segment decoder, and data latch is shown in
Figure 5. Each 4-bit BCD digit is converted to seven
segment format and stored in one of the three data
latches.

Figure 4. Serial Data Input Format

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 uP 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 SCLK. 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 A/D 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. o

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.

EOC ﬂ

sDI .
| va | on me?[ 01w3[ o1ooc] owoalmml QoD I atoc | atws I QoA l ) J aic I Q1B I Q1A I
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Figure 5. TSC828 Serial Input Display Format
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SERIAL * THERE ARE SEPARATE DRIVER/LATCHES FOR HIGH
cLocK 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
TSCB828 is used as a uP 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 TSCB827, the correct register is selected
automatically. To access registers with a uP, see the
“Stand Alone Operation” section.

Decimal Points/Display Flags

The DP/FL1 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 Vg* 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 A 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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Alarms

___The TSCB828 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 uP application. )

The TSCB827 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 TSC828 alarm sink current versus voltage
isshown in figure 6. In TSC827 applications, alarm sink
current will be limited by the TSC827 DGND output.

Figure 6. TSC828 Alarm Output Sink Current
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The SPL and SPH alarms are controlled by the
|SPL/SPL and - 1ISPH/SPH H inputs, respectively. When
1SPL/SPL and/or 1SPH/SPH are pulled low by the
TSC827, the corresponding SPL or SPH 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, the TSC827 will 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 IN/OUT output went low.

The Reset Alarm (RALARM) input can be used
toasynchronously disable the alarm outputs. All outputs
will goto 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 Vg* and
GND pins. However, the power supply limit extends
from 4 V to 6 V. Power supply current is typically only
500 uA, making the TSC828 ideal for battery powered
applications. Digital logic levels are referred to Vg and
GND.

The TSC828 can be powered directly from a
TSC827 as shownin figure 7. The TSC827 DGND pinis
an output which provndes a regulated voltage source
about 5 V below Vg*.

Figure 7. Powering the TSC828 from a TSC827

Vst =
TsC828 ¥ TSC!
10uF 827
GND | T DGND Vs _T

“OIN out

When using the TSC828 in a stand-alone mode
or as a uP display controller, power is derived from the
5Vlogic supply. A typical connection is shown in figure
8.

Clock

The TSCB828 clock frequency is set by a single
resistor, Rosc, connected between the OSC1 and
OSC2 pins. A typical value for Rogg is 160 kQ. Agraph
of oscillator frequency versus Rogg is shown in figure 9.
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Figure 8. Powering the TSC828 as a uP Display Driver

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-
| I quency by 768.
Vs* Vee
o Figure 10. .LCD Display Segment Assignments
TSC828 upP - TSC828 LCD
Pin No. Pad # BP1 BP2 BP3
oo oo 33 35 BP1 / /
I l 34 34 / BP2 /
35 33 / / BP3
41 32 Annunciator
Figure 9. Oscillator Frequency 42 31 H-B1 H-C1 /
45 30 H-A1 H-G1 H-D1
™ — 46 29 H-F1 H-E1. H-P1
poot A & 47 28 HB2  HC2 _ H-P2
400 Ta = 25°c {4 48 27 H-A2 H-G2 H-D2
\ 49 26 H-F2 H-E2 /
- N 50 25 HB3  H-C3  H-P3
: P 51 24 H-A3 H-G3 H-D3
_§ 60 ‘\‘ 52 23 H-F3 H-E3 /
- 53 22 H-BC4 H-P4 H-P5
20 54 21 D-B1 D-C1 /
" N 55 20 D-A1 D-G1 D-D1
0 20 40 60 80100 200 400 800 1M 56 19 D_F1 D_E1 D_P1
Rosc (k)
57 18 D-B2 D-C2 D-P2
58 17 D-A2 D-G2 D-D2
The internal oscillator may be bypassed by 59 16 D-F2 D-E2 4
driving OSC1 with an external signal. OSC2, the 62 15 D-83 D-C3 D-P3
oscillator output, should be left unconnected. The 63 14 D-A3 D-G3 D-B3
external oscillator signal should swing from GND to 64 13 D-F3 D-E3 /
Vg™ 65 12 D-BC4  D-P4 D-P5
ek The (f)sciI':atotr frecéu;ncg deter;nines the L‘I'ChD 66 1 L-B1 L-C1 /
ackplane refresh rate and the buzzer frequency. The
LCD%ackplane rate is fogc divided by 76?8, whi)Ile the &7 10 L-A1 L-G1 LDl
buzzer frequency is fogc/32. For Rosc = 160 kQ, typical 68 9 L-F1 L-E1 L-P1
values are fogc = 60kHz, LCD refresh rate = 78 Hz, and 1 8 L-B2 L-C2 L-p2
fBUZZER = 1.8 kHz. 2 7 L-A2 L-G2 L-D2
3 6 L-F2 L-E2 /
LCD Display 4 5 L-B3 L-C3 L-P3
The TSC828 drives a triplex (multiplexed 3:1) 5 4 L-A3 L-G3 L-D3
liquid crystal display with three backplanes. The LCD 6 3 L-F3 L-E3 /
display .can in‘clude Qne to three numeric displays, 7 2 L-BC4 L-Pa L-P5
along with decimal points and underrange, overrange,
8 1 HI LOW NORM

low limit, and high limit annunciators. Figure 10 shows
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The TSC828 display font is shown in Figure 11.
BCD numbers from 0 through 9 are correctly displayed.
If values greater than 9 are loaded (for example in a uP
application) all LCD segments will be off.

Figure 11. TSC828 Display Font

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:

01234561789

* The TSC828 will only display digits O through 9. For values

Crystaloid (USA)
Crystaloid Electronics
P. O. Box 628

5282 Hudson Dr.
Hudson, OH 44238
Phone: (216) 655-2429

Crystaloid (Europe)

Rep France

102, rue des Nouvelles
F92150 Suresnes

France

Phone: 33-1-42 04 29 25

greater than 9 (i.e. 0Ag through OF ¢), 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

&1 —_—1 ]
BP2 .‘LJ'_-'[.—!_!_I'—"_"_L_JI—_!_TN

I
l_’_—Ml

BP3 L—J_

Other display output lines have waveforms that
vary depending on the displays values. Figure 13 shows
a set of waveforms for the AGD outputs of one digit for
several combinations of “on” segments.

Figdre 13. Typical Display Output Waveforms

FAX: (216)655-2176 FAX: 33-1-45 06 46 99

Part No.: ST-1322-M1

Annunciator Output

The annunciator output is a square wave
running at the backplane frequency (for example, 78
Hz when fggc = 60 kHZ). The peak-to-peak amplitude
isequalto (Vg' - Vpisp). 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 (Vpisp)

The peak-to-peak LCD drive voltage is equal to
(Vs* - Vpisp). For most applications, Vpisp can be
connected directly to GND. This connection will provide
atypical LCD drive voltage of 5 V,_, for either a TSC827
or a uP 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 Vg* and Vpgp. With the
addition of a-5V supply ora TSC7660 DC-DC converter,
these circuits can also be used in uP applications. The
diode between GND and Vpgp should have a low turn-
on voltage because Vpsp cannot exceed 0.3 V below
GND.
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Figure 14. TSC828 Typical LCD Display
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Figure 15. Temperature Compensating Circuits Buzzer

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

_L overrange) is active. The buzzer and the alarm outputs
é sk 104F are disabled when the Reset Alarm (RALARM) input is
s connected to GND.
L S The BUZ signal swings from Vg* to GND. The
mir—K 2N2222 -<»an signal is at GND when the buzzer is not active. The
Tsce27 buzzer frequency is derived from the system clock, and
2 voise is equal to fogc/32.

vt

Logic Input Pullup/Pulidown

$ex A The TSCB828 logic inputs are connected to

& either Vg* or GND by internal current sources. Decimal

pointinputs (DP/FL1-DP/FL5) have 10 4A pulldowns to

GND. The ISPL, ISPH, and MSP inputs have a 1 A

\a pullup to Vg*, while the RALARM input has a 10 uA
v pullup to Vg™

s Applications—Interface to TSC827

1muas|; S0k 2 10uF The TSC827 to TSC828 interface is shown in

s Figure 16. The TSC827 Vg .and DGND pins provide

v 5o ono Ve power to the TSC828, and also set the logic levels. If the

-r TSCB827 Vp,gp pin is used to temperature-compensate

TsC827 the LCD drive, then the TSC828 Vp,gp pin should be
connected to the TSC827 Vp,sp pin.

Voise

VWA

\A4
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Figure 16. Interface Between TSC827 and TSC828
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Data Flow

Data entry to the TSC828 registers is controlled
by the TSC827. At the end of each A/D conversion, data
is transferred to the TSC828 A/D data register via the
serial input. Similarly, set point limits are transferred to
the TSCB828 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 ISPIﬁr ISPH input, respectively, is connected
to GND. The IN/OUT output will go low, putting the
TSCB827 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.

7-1

Power Up Sequence

The TSC827 and TSCB828 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, asingle pulse
on the MSP input will clear both the TSC827 and
TSCB828 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
golow. 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 RALARMto 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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Table 1. TSC828 Input/Output Truth Table

TSC828 Input TSC828 Output -

‘MSP 1SPL 1SPH 'MSP/OVR 1SPL/SPL 1SPH/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 uP 1/O pins required. The uP 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 uP
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.

uP Data Entry

Atypical uPinterface is shownin 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. Typical Interface to uP

S — -
sDI PBE
. ‘w SCLK PB1 uP
SC828 EoC .
iSPL PB3
iSPH| PB4
YT e T,

Selecting Display Registers

To load the Data display register, the uP must
pulse the TSC828 EOC/HOLD input high and then low.
This action simulates the TSC827 end of conversion
pulse and selects the TSC828 A/D 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 uP 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 TSCB828 displays can be concatenated to
produce displays greater than 3-1/2 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 pointregister (B12 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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Accessing Display Flags

Two LCD display segments can be controlled
via the serial input. In a TSC827 application these
segments are used for the overrange and underrange
flags. For stand alone operation, these flags can be
used for any display purpose. The flags are accessed
via bits B13 and B14 of the data register. To turn on
either of these flags, alogic 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

Buzzer
The piezoelectric buzzer can be turned on and

off via the MSP/OVR, ISPL/SPL, or ISPH/SPH bidirec-
tional pins. These three I/0 pins are ORed internally, so
connecting one or more to GND will turn the buzzer on.
Connecting all three 1/0 pins to Vg*, 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 Input (Note 1) TSC828 Output
‘MSP/OVR ISPL/SPL 1SPL/SPH OVR SPL SPH BUZ
1 1 1 1 1 1 DGND
0 1 1 0 1 1 Note 2
1 0 1 1 0 1 Note 2
1 1 0 1 0 Note 2
1 0 0 1 0 0 Note 2
0 0 1 0 0 1 Note 2
0 1 0 0 1 0 Note 2
0 0 0 0 0 0 Note 2
Notes:

1. 1SPL & ISPH inputs = Vg"
2. Square wave output, f = fogc/32
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TSC7107

3 1/2 DIGIT A/D CONVERTER

FEATURES

m Drives LCD or LED Displays Directly
B Guaranteed Zero Reading with Zero Input
m Low Noise for Stable Display
-2.000 V or 200.0 mV Full-Scale Range
m Auto-Zero Cycle Eliminates Need for Zero Adjust-
ment Potentiometer
m True Polarity Indication for Precision Null Appli-
cations

m Convenient 9 V Battery Operation (TSC7106)
m High Impedance CMOS Differential Inputs . . 1012Q0
m Differential Reference Inputs Simplify Ratiometric
Measurements
m Low Power Operation ................ 10 mW
0.1uF 0.1 uF
34]—{ '_]33 341_{ I’—laa ﬁﬂgg?"

LED

Cher CREF LCD DISPLAY Cher CReR DISPLAY
1m0 REF e |

oMW Vin 2-19[SEGMENT l 9 9 9 + Vin 2-19[seamENT __/ 9 9 9

ANALOG 22-25 ANALOG 22-25

/MALOS 0,01 uF - IAWALOS 0,01 uF

31
30— 30— 20
- Vin poLf—— - Vin POL|
I 1] MINUS SIGN gall:\ll(gLANE anol?!
32| ANALOG 2| ANALOG _—-:':—

COMMON 1 COMMON

;

N |w
®

v vt 0+5V
2] vaurr 24 VBUFF 24
47 kQ 3 0.47 uF n ke - a7 A ke g
- ‘; o TSC7106 ﬁ =9V k2 S04z ';'; T5C7107 J
2 caz + |36 VRer F2caz + |36 VREE
0.22uF VRer 2—"5-210k0 0224F VREF [=——< 10ka
— > . — >
T2y Viee |38 100mv T zlv, Ve s 100mv
|26 |26
osc, 0sc;  0sCy o0sc; 0sc;  0sCY sV
39 lza Cosc |40 39 |3a Cosc |40
Rosc, b 100 pF  <«—! TO ANALOG COMMON (P32) Rosc, , I: 100 pF <l TO ANALOG COMMON 'P32)
vV b 3 CONVERSIONS/SEC
100 ks2 Soomy Erﬁsnggts:l:Eg 100 ke 200 mV FULL-SCALE
Figure 1: Typical TSC7106 Operating Circuit Figure 2: Typical TSC7017 Operating Circuit
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TSC7106

3 1/2 DIGIT A/D CONVERTER

TSC7107

GENERAL DESCRIPTION
The TSC7106 and TSC7107 3-1/2 digit CMOS

Ordering Information

7-184

. . . . Pin Temp. Display
analog-to-digital converters contain all the active com- Part No. Package Layout Range  Drive
ponents necessary to construct a 0.05% resolution 0P 0°C to
measurement system. Seven segment decoders, po- TSC7106CPL Plastic Dip Normal +70°C LCD
larity and digit drivers, voltage reference and clock - "
circuit are integrated on chip. The TSC7106 drives  TSCTIOSRCPL  priil | Reverse G2 LOD
liquid crystal displays (LCD) and includes a backplane - "
driver. The TSC7107 drives common anode light TSC7106IPL ;?;:t'i’:: DI Normal -25,,8238 LCD
emitting diode (LED) displays directly with an 8 mA d -
drive current per segment. TSCT106CJL 40-Pin Normal 0G0 cp
A low cost, high resolution indicating meter CerDIP +70°C
requires only a display, four resistors, and four capa- TSCT106IIL 40-Pin Normal  ~25°Ct  op
citors. The TSC7106 low power drain and 9 V battery CerDIP +85°C
operation make it ideal for portable applications. 60-Pin Formed 0°C to
The TSC7106/TSC7107 reduces linearity error ~ TSC7106CBQ Plastic Flat | ¢ +0ec LCP
to less than 1 count. Rollover error — the difference in Package
readings for equal magnitude but opposite polarity TSCT107CPL 40-Pin  \omar 0°Cep
input signals — is below +1 count. High impedance Plastic Dip +70°C
Fﬁffergntial inputs offer 1_ pA |eal-<age current'and a102Q TSCT107RCPL 40-Pin Reverse 0°C°to LED
inputimpedance. The differential reference input allows Plastic Dip +70°C
ratiometric measurements for ohms 9r bridge trans- TSCTI07IPL 40-Pin Normal -25°C°to LED
ducer measurements. The 15 uVp_p noise performance Plastic Dip ] +85°C
uarantees a “rock solid” reading. The auto-zero cycle 40-Pin 0°C to
guarantees azero display reading witha zero volt in);)ut. TSCT107CIL CerDIP Normal " 7q.c ~ LED
The TSC7106/TSC7107 dual slope conversion 40-Pin _25°C to
technique automatically rejects interference signals if TSCTI07L CerDIP Normal «gsoc  ED
the converters integration time is set to a multiple of the 60-Pin
interference signal period. This is especially useful in TSC7107CBQ Plastic Flat 'ormed  0°Cto .
industrial measurement environments where 50, 60 Package Leads, +70°C
and 400 Hz line frequency signals are present.
The TSC7106/TSC7107 are available in a small Devices with Burn-In (160 Hours at +125°C)
60-pin flat package for compact designs. Standard 40-Pin 0°C to
devices are offered in an industrial temperature range TSCTI0BCPL/BI  pastic Dip ~ NO™@l +7%°C LcDb
and with burn-in lasting for 160 hours at +125°C. 40-Pin 0°C to
For applications requiring a more temperature ~ "SC7106RCPL/BI - o ic pip  Reverse g LOD
stable internal reference voltage refer to the TSC7106A/ 40-Pin _95°C to
7107A data sheets. A display hold feature is available on TSC71061JL/BI CerDIP Normal ™ gzos  LCD
the TSC7116A and TSC7117A converters. - " "
TSCrio7CPL/BI At bip  Normal ‘17%}8 LED
44 -Pin 0°C to -Pi °
Tscrioeckw  poRR L Formed +§)°C LCD  TSCTIOTRCPLBI A pp Reverse G0 Lep
TSCTIBCLW  practie Dip Tee LoD Tscromaum PR nomar 2FCI i gp
44 -Pin Formed °
TSC7I07CKW  piagtic Flat  Leads (17%:8 LED
0°C to
TSC7107CLW PLCC +70°0 LED
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Pin Configuration

o % ® N;-M/AL 40 ] 0561 oali] @ REVERSE oV
O1EZY oy conricuration [22] 952 05G2[21 oy conricuration |21 01
& 3] [ 38 ] 0sc3 0scs[3 ] [38] ¢y
814} 37 ] TEST TesT[4 | 57 o

v M[E] (36 ] Vher Vher (5 ] (s6]ar s
Fr e [35 ] Vaer Vaer[(6 ] B
G 7] PR 34 ] Cher Cher (7] PN [34] 61

| e N 53] cer CRer[E] N F5]e |
©:[3] TSC7106 [ 3)bmwon coumonLZ]  TSC7106R  [32]°-
C2 % TSC7107 [31]vin viyOo] TSC7107R [31]C,

s B2 [30]vin Vin[37] 3082 105

A2 7] 29]Caz caz(G2 ] 29 ] A2
F2 (O3 % VBUFF Vaurr[13] % F2

| E2[e [27 ] vint vint 32} E2 |
b3 26 v~ v-[35] 26 ] D3

1005 23018 [25] G2 62 [36] [55]8 450,

Fa (7] 21 o, e O] ezl

l— £ [38] [25] A A3[8 ] e |

1000's~ABg 19 ] (27 ]G3 __' L G3[9 ] 27 ] AB4 = 1000's
poL [20 | Z1] BPIGND BP/GDN [20] 21 JroL
(MINUS SIGN] (71067167 (71087107) (MINUS SIGN)

39| REF LO
38 Crer
E‘ns;

36| coMmOn
2 [17] A . (35] N+
nefi2] TSC7106CLW [34] N TSC7106CKW
8, [13] TSC7107CLW [33]in Lo TSC7107CKW
A;[1a} (PLCC) 132] a1z (FLAT PACKAGE)
#2 1] [31)8uFe
€2 [1¢] [30)nr
Dy [20] v~

3 ) 5 3 3 5 2 )

FLLFF RIS

g
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TSC7107

3 1/2 DIGIT A/D CONVERTER

Pin Ccnfiguration (Continued)

5] v-
BES
BES
5] ne
=] c5
[5] A3
B
8] sus
5] o3
Bl
2] poL
BN
HEN
3] Fa
B

-”»
TSC7106CBQ

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.

»

TSC7107CBQ

V‘;CEF

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.

Absolute Maximum Ratings

TSC7106
Supply Voltage (V 1o V) ..vvviviniiiineiiiennn.s. 15V
Analog Input Voltage (either input) (Note 1) .... Vito v~
Reference Input Voltage (either input) .......... Vito v~
ClOCK INPUL v e vveeeeeieeeiie e eaieas Testto V*
Power Dissipation (Note 2)
CerDIP Package ..........covvvviiennennnnn 1000 mW
Plastic Package ...............cooiiiiiat, 800 mW
Operating Temperature
“C" DBVICES vttt 0°C to +70°C
Y17 DEVICES L.l -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

Stresses above those listed under Absolute Maximum Raﬁngs may cause
permanentdamage 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

TSC7107
Supply Voltage
Ve e +6V
Ve e -9V
Analog Input Voltage (either input) (Note 1) .... V'toV~
Reference Input Voltage (either input) .......... Vito v~
CIOCK INPUL +.evevveeviieeeniee e, GND to V*
Power Dissipation (Note 1)
CerDIP Package ..........ocoevvevvnnennnns 1000 mW
Plastic Package .............ccoiiiiiiiinninnn 800 mW
Operating Temperature
“CDeviCes ...t 0°C to +70°C
I DeVICES .ttt -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 ‘F’mfsgﬁe"z 2000 mV -0000  +000.0 +000.0 Digital Reading
Ratiometric Reading x:‘NEfzvﬁ'gz . 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and -ViN = +ViN = 200.0 mV -1 +0.2 +1 Counts
Negative Reading Near Full-Scale)
Linearity (Max. Deviation From Full-Scale = 200 mV _
Best Straight Line Fit) or Full-Scale = 2.000 V 1 *0.2 + Counts
Common-Mode Vem=+1V,VIN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV ®
Noise (Pk - Pk Value Not Vin=0V _ 15 _ v
Exceeded 95% of Time) Full-Scale = 200.0 mV s
Leakage Current @ Input ViN=0V — 1 10 pA
ViIN=0V
Zero Reading Drift V(I:N __I_ng\l/ce =0°Cto70°C - 02 1 wv/°C
“I” Device = -25°C to +85°C - 1.0 2
ViN=199.0 mV,
“C” Device =0°C to 70°C 1 5 ppm/°C
?"a'e Factor - (Ext. Ref = 0 ppm/°C)
emperature Coefficient ViN = 199.0 mV _ _ 20 ppm/°C
“I" Device: -25°C to +85°C
Supply Current (Does Not _ _
Include LED Current for 7107) ViN =0 08 18 mA
Analog Common Voltage (With 25 k) Between Common
2.4 2.8 3.2 v
Respect to Pos. Supply) and Pos. Supply : . -
Temp. Coeff. of Analog common 25 k) Between Common °
— 80 —_ ppm/°C
(With Respect to Pos. Supply) and Pos. Supply
TSC7106 ONLY Pk - Pk + -_
Segment Drive Voltage (Note 5) Vitov =9V 4 5 6 v
TSC7106 ONLY Pk - Pk + -
Backplane Drive Voltage (Note 5) Vitov =9V 4 5 6 v
TSC7107 ONLY V' =50V A
Segment Sinking Current ; - 5 8.0 - m
(Except Pin 19) Segment Voltage =3 V
TSC7107 ONLY V=50V
Segment Sinking Current N 10 16 — mA

(Pin 19 Only)

Segment Voltage =3 V

NOTES:

1. Input voltages may exceed the supply voltages provided the input currentis

limited to + 100 uA.

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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Figure 1. TSC7107 is tested in the circuit of Figure 2.

4. 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

dc component is less than 50 mV.
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Pin Description

3 1/2 DIGIT A/D CONVERTER

40-Pin DIP 60-Pin
Pin Number . Flat Package
Normal (Reverse) Pin Number Name Description
1 (40) 13 vt Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 Ci 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.
1 (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 Bs Activates the B section of the hundreds display.
17 (24) 32 ] Activates the F section of the hundreds display.
18 (23) 33 Es 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 Gs Activates the G séction of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 17) 41 Cs 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 VINT Integrator output. Connection point for integration capacitor. See
INTEGRATING CAPACITOR section for additional details.
28 (13) 47 VBUFF  Integration resistor connection. Use a 47 k() for a 200 mV full-scale
range and a 470 kQ 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 uF capacitor for a 200 mV full-scale, and a 0.047 uF 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 Vﬁq 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 Crer  See pin 34.
34 7) 59 CEEF A 0.1 uF 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 uF is recommended and will hold the
rollover error to 0.5 count.
35 6 80 VRer  See pin 36.
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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description

36 (5) 7 1 VﬁEF 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 k() resistor and
a 100 pF capacitor. The 100 k(2 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 TSC7106 and TSC7107. 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 10 uV.

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 ViNand Vin for afixed 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 —UN_

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 0.5 count for the 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.
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INTEGRATOR

T0
p—> DIGITAL
SECTION

COMPARATOR

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 (1), 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 circuitis
shown in Figure 4.

vt vt
. vt
v VRer 6.8 VOLT 68kQ |
. ZENER : 20k
VRer \
TSC7106A 'z TSC7106A < W
TSC7T107A T5C7107A VREF|3 T )
— 1.2v
VRer R £
COMMON

(a) {b)

Figure 4: Using an External Reference

Analog common is also used as the VIN return during auto-
zero and deintegrate. If Vi 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, itshould
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 voitage
2.8 volts below the positive supply (when a load is trying to
pull the common line positive). However, there is only 10 uA
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 () 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 secong 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 dc voltage (no square-wave) and may
burn the LCD display if leftin this mode for several minutes.
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[v+ v+
r—*=
| |
4049
| |
” .
TSC7106 | | TO LCD
L er T »"—l—— DECIMAL
e POINT
TGND
TEST |—
oToLeD
BACK PLANE

Figure 5: Simple Inverter for Fixed Decimal Point

vt gp \ |

) .

|

(ol ’“‘_5 I
N H _,j > T | ToLco
TSC7106 | DECIMAL 1 ! DECIMAL
POINT »—41 | POINTS

SELECT 4 ] '

::j' D |

+ 1

] 1

TeST Lo

Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive

»
TSC7106/7107

TO
| | COUNTER

CRYSTAL

EXTERNAL
OSCILLATOR

RC NETWORK

TO TEST PIN ON TSC7106
TO GROUND PIN ON TSC7107

Figure 7: Clock Circuits

Digital Section

Figures 8 and 9 show the digital section forthe TSC7106 and
TSC7107, respectively. In the TSC7106 (Figure 8), an inter-
nal digital ground is generated from a 6 volt Zener diode and
alarge 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 5volts. 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 dc voltage exists across the
segments.

Figure 9 is the Digital Section of the TSC7107. Itis 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, the polarity indication is “on” for negative
analog inputs. If VIN and VIN 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 uF capacitor is recommended. On
the 2 volt scale, a 0.047 uF capacitor increase the speed of
recovery from overload and .is adequate for noise on this
scale.

Reference Capacitor

A 0.1 uF 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 uF 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+3.5to
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Figure 8: TSC7106 Digital Section
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- Figure 9: TSC7107 Digital Section
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+4 volt swing is nominal. For three readings/second (48 kHz
clock) nominal values for CiNT are 0.22 u1F and 0.10 uF,
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 preventroll-overerrors. Polypropylene capacitors are
recommended for this application.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100 uA of quiescent current. They can
supply 20 pA 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 fuli-scale, 470 k(} is near
optimum and similarly a 47 k) for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 kQ resistor is recom-

mended and the capacitor is selected from the equation

f= 45 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: ViN=2 VREF. Thus, for the 200.0 mV and 2.000
volt scale, VRer 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 VRer = 0.341 V. Suitable values for integrating
resistor and capacitor would be 120 k) and 0.22 uF. 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 Vin
# 0. Temperature and weighing systems with a variable tare
are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between
ViN 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 capacitorsand 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.

i

v

oscC1

0OSC 2|

0SC 3|
n
TSC7107

GND

VT=-33v

Figure 10: Generating Negative Supply From + 5V
Typical Applications

TOPIN1

-
TSC7106 r MQ +
1

]—— TO DISPLAY

TO BACKPLANE

Figure 11: TSC7106 Using the Internal Reference. (200
mV Full-Scale, 3 RPS).

TOPIN 1

1KQ 22KQ

Ny
TSC7107

H
.

(A SR ———

Figure 12: TSC7107 Internal Reference (200 mV Full-
Scale, 3 RPS, VinTied to GND for Single
Ended Inputs).
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Figure 13: Circuit for Developing Underrange and
Overrange Signals from TSC7106 Outputs.

Figure 15: TSC7106/TSC7107: Recommended Com-
ponent Values for 2.00 V Full-Scale.
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O1uF MO IN
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Figure 14: TSC7107 With a 1.2 V External Band-Gap
Reference. ViN Tied 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 8.1 mA X 3.2 V X 24 segments
=622 mW.

Figure 16: TSC7107 Operated from Single +5 V Supply.
An External Reference Must Be Used in This
Application.

Notice, however, that once the TSC7107 output voitage 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 a5.1 ohm, 1/4 watt resistor ora 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.
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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 “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)

2.050 (51.816)
4
PR 0540 (13.716)
N &MA
160
| |0 o087 (4.064) (o essv
_ 001
_ f (o 305 0.025)
Tve.
.‘ ‘._ ,”.. ,| |- :100 125(317) 0.660
(2.54)
070 .018(0.457) (16764
(1.778) 020 (0.508)
TYP. P,
1 bao
d b
i b
i b
d il 40-Pin CerDIP
g i)
g b (Package #20)
2.109 d b
mAX. b
g b
0.100 E P "
E i BEND |«— 830 —
i b
0065 o P
] = 4 |
0.020 ) E g H 3
o 015
0.040| ¢ b 15° MAXJ "0'012
200 21 o <3012

l«_ 0.590
0.090 MIN.. J.O?ODMAX 0480-,‘
0.015 MIN.

1 102+ .012 fe—
.0075

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.

N -5V
. -
1MQ
0.01
24KQ
0.22 4F
. 047 uF
0.1uF 4 DISPLAY
]{ IS 1500
30 TP 21
4
) Y\ TSC7107A =
1 10 20
P T T T T Tl
- 510 1/4W DISPLAY

VWA
: IN4001
L ppp-
Figure 18: Diode or Resistor Limits Package Power
Dissipation

60-Pin Flat Package

i

e
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A ——— .
—————
=
1 —— 454
TYP
— P
] N = 0315 550 - 005
— —— P
| eevwnevm— ————— f
————§ ——
—————
————
PIN 60 — ——
el
0145
TYP
PIN 1

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ” Package - Unformed Leads
(Package #22)

.054 + .004

’\ I"IE’ MAX

047 +.004 N
+ 1002 l

L.050 + .006 010 MIN

“BQ” Package - Formed Leads
(Package #21)
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SEMICONDUCTOR
The Analog Signal Processing Company ™ Ts C71 06A

TSC7107A

3 1/2 DIGIT A/D CONVERTER

FEATURES

m 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 Differential Inputs . . 1012Q

Differential Reference Inputs Simplify Ratiometric

Measurements

m Low Power Operation ................ 10 mW

m Available in 60-Pin Plastic Flat Package

0.1 4F 0.14F
COMMON
34 33 34 33 ANGDE
Cher CREF LCD DISPLAY Cher CREF DISPLAY
e o M g
+0—AN~1— Vi 2-19SEGMENT Y _ +o-—wv~—r— Vin 2-19SEGMENT
ANALOG 22-25|DRIVE ANALOG 22-25|DRIVE
INPUT 001WFIE T 001uFI
- Vin roL}e—— - Vin poL2 —]
g |21 MINUSSIGN | - BackpANe anol
32) ANALOG ] 32| ANALOG 1_—%
" COMMON v " COMMON v 045V
v v
BUFF o a0 2 2 BUFF .o 2 2
4742 S 0474F N e < L 70 ) b
- ‘; . TSC7106A jF =9v 047 ’;: TSC7107A [
0.224F i Vher e 2 g i Vher[BIRERLS o
.22 4 D4 0.22uF 3
— - \"rd
T2y Viee [38 100 mY Tzl Vaep |35 100m
|26 |26
0scp 0sc; 0S¢ osc, 0SC;  OSCY 0 -5V
39 [38 Cosc |40 39 38 Cosc (40
TO ANALOG TO ANALOG
Rosc, \o T 100 pF COMMON (P32) ROSC, ,, “J100pF <€— COMMON (P32)
W W
3 CONVERSIONS/SEC 3 CONVERSIONS/SEC
100 ka2 200 mV FULL-SCALE 100 ke 200 mV FULL-SCALE
Figure 1: Typical TSC7106A Operating Circuit Figure 2: Typical TSC7017A Operating Circuit
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GENERAL DESCRIPTION

The TSC7106A and TSC7107A 3-1/2 digit direct
display drive analog-to-digital convertersallow existing
7106/7107 based systems to be upgraded. Each device
offers a precision internal voltage reference featuring a
20 ppm/° C typical, 50 ppm/° C maximum temperature
drift coefficient. This represents a 4 to.7 times im-
provement over similar 3 1/2 digit converters. Existing
7106 or 7107 based systems may be upgraded without
changing external passive component values. The
need for a costly, space consuming external reference
is removed. The TSC7107A drives common anode light
emitting diode (LED) displays directly with an.8 mA
drive current per segment. A low cost, high resolution
indicating meter requires only a display, four resistors,
and four capacitors. The TSC7106A low power drain
and 9 V battery operation make it suitable for portable
applications.

The TSC7106A/TSC7107A reduces 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 102Q inputimpedance. The differential reference
input allows ratiometric measurements for ohms or
bridge transducer measurements. The 15 uVp_p noise
performance guarantees a “rock solid” reading. The
auto-zero cycle guarantees a zero display reading with
a zero volt input.

The TSC7106A/TSC7107A 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 TSC7106A/TSCT7107A are . available in a
small 60-pin flat package for compact designs. DIP
devices are offered in an industrial temperature range
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.

Ordering Information

Pin Temp. Display
Part No. Package Layout Range  Drive
TSo7I08ACPL i pip Normal ‘17%‘8 LCD
TSGTIOBARGPL Ptactio Dip Roverse ‘207%02 LCD
Tecneat ::(:STP Normal ;251"8233 LcD
TSGTIOPAGEQ  Plastc Fat Formed 00X o

Package .
TSC7T106ACKW  pbln Eg:g:d oClo LoD
TSC7106ACLW g‘l‘_gg 37%t§ LcD
TSCT107ACPL ;?a'gi’; b Normal "Gl e
TSCTIOTARCPL o b Reverse "ol g
TSCT107AIIL ?:t::irllp Normal ‘25:8%:8 LED
TSC7107ACBQ g?a-sptiir:: Flat ig;’::“ v 0:7‘(3)0‘8 LED
Package
TSCTIOTACKW  LEC0 o lonss. arp  LED
TSC7107ACLW ‘;‘l‘_g’g‘_ . 37% :g LED
Devices with Burn-In (160 Hours at +125°C)

TSCT106ACPL/BI  pot bip  Normal ‘fgfg LCD
TSCTIOTACPL/BI 00 | Normal 0000 LED
TSCTIOTALBI o Fh, ‘Normal BT ep
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Pin Configuration
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Pin Configuration (Cont.)

/"

TSC7106A

w =
528
o w
g -

Notes:

1.NC = NO INTERNAL CONNECTION E

2. PINS 8, 23, 38 AND 53-ARE CONNECTED TO THE D|§ SUBSTRATE. THE
POTENTIAL AT THESE PINS IS APPROXIMATELY V™. NO EXTERNAL
CONNECTIONS SHOULD BE MADE.

"\‘

TSC7107A

-
1A
w
=4

Notes:

1. NC = NO INTERNAL CONNECTION

2 PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE D|§ SUBSTRATE. THE
POTENTIAL AT THESE PINS IS APPROXIMATELY V™. NO EXTERNAL
CONNECTIONS SHOUL.D BE MADE.

Absolute Maximum Ratings

TSC7106A
Supply Voltage (VT toOVT) ...ooiiviiiiiiiiininns, 15V
Analog Input Voitage (either input) (Note 1) .... Vito V™
Reference Input Voltage (either input) .......... Vo Vo
Clock Input . ..eiii i Test to V*
Power Dissipation (Note 2) ‘
CerDIP Package ................. P, 1000 mW
Plastic Package ........... R 800 mwW
Operating Temperature
“CUDevices ...t 0°C to +70°C
“I" Devices ... -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60 sec) ...... R 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

TSC7107A
Supply Voltage
Ve +6 V
122 -9V
Analog Input Voltage (either input) (Note 1) .... vitov”
Reference Input Voltage (either input) .......... ARTAY
Clock Input ......ooiiviiiiiii i, GND to V*
Power Dissipation (Note 2) ’
CerDIP Package 1000 mW
Plastic Package 800 mwW
Operating Temperature
“CUDEVICES it 0°C to +70°C
“I” DEVICES ...ttt -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 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
: VIN=00V _ . .
Zero Input Reading Full-Scale = 200.0 mV 000.0 +000.0 +000.0 Digital Reading
: ; ; VIN = VREF i ;
Ratiometric Reading VREF = 100 mV 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and -VIN = +VIN = 200.0 mV -1 +0.2 +1 Counts
Negative Reading Near Full-Scale)
Linearity (Max. Deviation From Full-Scale = 200 mV
Best Straight Line Fit) or Full-Scale = 2.000 V - 02 1 Counts
Common-Mode Vem =1V, Vn=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV ®
Noise (Pk - Pk Value Not VIN=0V _ 15 _ v
Exceeded 95% of Time) Full-Scale = 200.0 mV u
Leakage Current @ Input ViN=0V — 1 10 pA
VIN=0V
wen e = (0 o
Zero Reading Drift v(':N Bgv\l;:e =0°C1o70°C - 02 1 wuv/eC
“I" Device = -25°C to +85°C — 1.0 2
ViN = 199.0 mV,
Tl : — N° o °
Scale Factor (gx'Ds;;c: 0 ‘())pr(T}'/tooCZO ¢ ! 5 ppm/®C
Temperature Coefficient VIN = 199.0 mV _ _ 20 ppm/°C
“I" Device: -25°C to +85°C
Supply Current (Does Not -
Include LED Current for TSC7107A) ViN=0 - 08 18 mA
Analog Common Voltage (With 25 k) Between Common
Respect to Pos. Supply) and Pos. Supply 27 3.0 335 v
25 k() Between Common
Temp. Coeff. of Analog Common and Pos. Supply
0°C<Ta<70°C — 20 50 ppm/°C
(With Respect to Pos. Supply) “C,” Commercial Temp.
Range Devices
25 k() Between Common
Temp. Coeff. of Analog Common and Pos. Supply
-25°C < Ta<85°C — — 75 ppm/°C
(with Respect to Pos. Supply) “1,” Industrial Temp.
Range Devices
TSC7106A ONLY Pk - Pk + -_
Segment Drive Voltage (Note 5) Vitov =9V 4 5 6 v
TSC7106A ONLY Pk - Pk + - _
Backplane Drive Voltage (Note 5) Vitov =9V 4 5 6 v
TSC7107A ONLY *o50V
Segment Sinking Current y _ 5 8.0 - mA
(Except Pin 19) Segment Voitage =3 V
TSC7107A ONLY vt=50V A
Segment Sinking Current . - 10 16 - m
(Pin 19 Only) Segment Voltage =3 V
NOTES:
1. Input voltages may exceed the supply voltages provided the input currentis of Figure 1. TSC7107A is tested in the circuit of Figure 2.
limited to + 100 uA. 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 dc component is less than 50 mV.

TSC7107A at Ta=25°C, fcLock = 48 kHz. TSC7106A is tested in the circuit
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Pin Description

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
1 (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 At 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 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 ABg4 Activates both halves of the 1 in the thousands display.
20 (21) 35 POL Activates the negative polarity display.
21 (26) 36 BP TSC7106A: LCD Backplane drive output.
GND TSC7107A: Digital Ground.
22 (19) 37 Gs Activates the G section of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 (17) 41 Cs 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 VINT  Integrator output. Connection point for integration capacitor. See
INTEGRATING CAPACITOR section for additional details.
28 (13) 47 VBUFF  Integration resistor connection. Use a 47 k() for a 200 mV full-scale
range and a 470 kQ 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 uF capacitor for a 200 mV full-scale, and a 0.047 wuF capacitor for a
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for
more details.
30 (1) 51 VIN The analog low input is connected to this pin.
31 (10) 55 Vﬂq 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 CRer  See pin 34.
34. 7) 59 CﬁEF A 0.1 uF 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 uF is recommended and will hold the
rollover error to 0.5 count.
35 (6) 60 VRer  See pin 36.
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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
36 (5) 1 VEEF 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 foradditional

information.
38 (3) 4 OSCs  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

(8 readings per section) connect pin 40 to the junction of a 100 k) resistor and
a 100 pF capacitor. The 100 k(} resistor is tied to pin 39 and the 100 pF capacitor
is tied to pin 38.

Pin Configurations

I TR

fessy s BBUEE P EFE 25835

6 ][ s «1[3]1[2][ 1]faa}[43][a2][41]]4 [aa}[a3][42][41}[a0}[39}[38}[37][3€][35][24]
w[7 Q E REF LO oy 4 [33)ne
(0 [38] Cnee NC [32] ¢,
210 [37] Cnee TesT EDE
0210] "“ 08¢y [30]45
€211 35| v Ne [29] 63
wcfia) TSCT106 ACLW 3] e osc, ng;:gg:gléw 28] spronD
&M TSC7107ACLW 3l o ose, TS [27]roL
asfia (PLCC) 32| Az v (FLAT PACKAGE) o)
Fafs 31|sure 0, [25] ¢,
€2 [16) 30|INT [ m F3
o317 29]v- 8 [23]e,

18]119]{20]{21]{22]{23{{24]{25][26]{27}{28 TzJ[safpaffxs][ellr 7T sef[1 o] 20][21][22]

SrrggErSLSS FE O R )
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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: ) '

® |nput Signal Integration
® Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed time
period (Tsi). Time is measured by counting clock pulses. An
opposite polarity constant reference voltage is then inte-
grated until the integrator output voltage returnsto zero. The
reference integration time is directly proportional to the input
signal (Tri). (Figure 3A).

In a simple dual slope converter a complete conversion re-
quires the integrator output to “ramp-up” and “ramp-down.”

ANALOG

i COMPARATOR
CONTROL —{CLOCKI
LOGIC

JR———

SWITCH DRIVER

PHASE CONTROL

REF
VOLTAGE

POLARITY CONTROL

7 1

DISPLAY ‘'COUNTER ]

VIN = VEULLSCALE

! Vin~ V2 VEyLLSCALE
H

FIXED I
SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

INTEGRATOR OUTPUT

A simple mathematical equation relates the input signal,
reference voltage and integration time:

Tsi
1 fvwmdt _ VATar
RC RC
0
where:

VR = Reference Voltage
Tsi = signal Integration Time (Fixed)
Tri = Reference Voltage Integration Time (Variable)

For a constant VIN:

VIN = VR ﬂ'__

Tsi

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 3B)

30
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: ]
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o . 7/

o«

a vid
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2
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2 / T = MEASUREMENT PERIOD
0 ———1
0T "t 10/T

INPUT FREQUENCY

Figure 3A: Basic Dual Slope Converter

Figure 3B: Normal-Mode Rejection of Dual Slope
Converter
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Analog Section

In addition to the basic signal integrate and deintegrate
cycles discussed, the circuitincorporates an auto-zerocycle.
This cycle removes buffer amplifier, integrator, and com-
parator offset voltage error terms from the conversion. Atrue
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 uV.

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 Vik 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:
4 x1000
fosc

Tsi=

where:
fosc = 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 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 de-integr+ate. ViN is
internally connected to analog common and V|N 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 __VYIN_
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 by 800. 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 segmentdrive signal causes the segmentto be “ON”
or visible. This AC drive configuration results in negligible
DC voltage across each LCD segment. Thisinsureslong 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 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.

[-—!OOD'S—I—1DD'$ Tﬂ)’s—[——l‘sj

-1 888

DISPLAY FONT

01234561789

Figure 6: Display FONT and Segment Assignment

In the TSC7106A an internal digitalground 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 TSC7107A. ltisidentical 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 VN are reversed, this indication can
be reversed also, if desired.

The display font is the same as the TSC7106A.

7-207




TSC7106A
TSC7107A

3 1/2 DIGIT A/D CONVERTER

System Timing
The oscillator frequency is divided by 4 prior to clocking the
internal decade counters. The three phase measurementcycle

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:

Tsi= 4000 1
fosc

"~ 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 value 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.

NS
TSC7106A/TSC7107A

TO
I I COUNTER

1
f
i
I
|
:
1
1

P

CRYSTAL

EXTERNAL
OSCILLATORV

RC NETWORK

TO TEST PIN ON TSC7106A
TO GROUND PIN ON TSC7107A

Figure 8: Clock Circuits

Component Value Selection
Auto-Zero Capacitor - Caz

The Caz capacitor size has some influence on system noise.
A 0.47 uF capacitor is recommended for 200 mV full-scale
applications where 1 LSB is 100 uV. A 0.047 uF capacitor is
adequate for 2.0 V full-scale applications. A mylar type die-
lectric capacitor is adequate.

7-208

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 uF capacitor is acceptable when Vin is
tied to analog common. If a large common-mode voltage
exists (VREF # analog common) and the application requires
a200 mV full-scale increase Crer to 1.0 uF. Rollovererror will
be held to less than 0.5 count. A mylar type dielectric capaci-
tor is adequate.

Integrating Capacitor - CiNT

CINT 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 casea+2 V
full-scale integrator output swing'is satisfactory. For 3 read-
ings/second (fosc =48 kHz) a0.22 uF value is suggested. Ifa
different oscillator frequency is used CiNT must be changed
in inverse proportion to maintain the nominal £2 V integrator
swing. '

An exact expression for C|NT is:

(4000) (') (VFs )
fosc RiNT

VINT

CINT =

Where:

fosc = Clock frequency at Pin 38

Vrs = Full-scale input voltage

RINT = Integrating resistor

VinG = Desired full-scale integrator output swing

CINT must have low dielectric absorption to minimize rollover
error. An inexpensive polypropylene capacitor is recom-
mended.

Integrating Resistor - RINT

The input buffer amplifier and integrator are designed with
class A output stages. The output stage idling current is
100 pA. The integrator and buffer can supply 20 A drive
currents with negligible linearity errors. RiNT is chosen to
remain in the output stage linear drive region but notso large
that printed circuit board leakage currents induce errors. For
a 200 mV full-scale RiNT is 47 kQ. A 2.0 V full-scale requires
470 kQ.

Component Nominal Full-Scale Voltage
Value 200.0 mV 2.000 V
Caz 0.47 uF 0.047 uF
RINT 47 kQ 470 kQ
CINT ' 0.22 uF 0.22 uF
Note:

1. fosc = 48 kHz (3 readings/sec)
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Oscillator Components

Rosc (Pin 40 to Pin 39) should be 100 k. Cosc is selected
from the equation:

0.45
RC

fosc =

For fosc of 48 kHz, Cosc is 100 pF nominally.

Note that fosc is divided by four to generate the TSC7106A
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, 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.

compensating offset voltage can be applied between analog
common and VIN. The transducer output is connected
between ViN 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.

vt vt

—

. ) v

V" Vher 6.8 VOLT 6.8k

ZENER
Ve
REF
NS
TSC7106A 'z TSC7106A
‘TSC7107A TSC7107A VREF| TSC9491CJ
— 12v
VREF F £
COMMON
(a) (b)

Required Full-Scale Voltage* VREF
200.0 mVv 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 Ib/in2. Rather than dividing the inputvol-
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 VN is not equal to zero. Thisis
common in temperature measuring instrumentation. A

Figure 9: External Reference

Device Pin Functional Description
Differential Signal Inputs
(VIN (Pin 31), Vin (Pin 30))

The TSC7106A/TSC7107A 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 TSC7106A/TSC7107A operates from a
battery or floating power source (isolated from measured
system) and ViN is connected to analog common (Vcom): See
Figure 10.

e

SEGMENT LCD DISPLAY

S OF23Y

e
vV GND|
POWER SOURCE

MEASURED VBUF  Caz VINT POL BP
SYSTEM N 0scy l
Vin b
vt ﬂ\‘ TSC7106A l <
ViR osc3
_0SC2

ANALOG ,—
common VREF VREF vt v
m'l:l

v

Figure 10: Common-Mode Voltage Removed in Battery Operation with Vin = Analog Common
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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. Aworse 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—sciale
swing. The integrator output will swing within 0.3 V of V" or
V™ without increasing linearity errors.

G

Fj

INPUT
BUFFER

—o0 V|
VIN
| INTEGRATOR
- o—
T
f Vit chm—VmI
Vem where:
| T, = INTEGRATION Time = 4000
€| = INTEGRATING CAPACITOR
R) = INTEGRATING RESISTOR

Figure 11: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)

Differential Reference
(VEee (Pin 36), VRer (Pin 39))

Tbe reference voltage can be generated anywhere within the
V' toV power supply range.

To prevent rollover type errors being induced by large
common-mode voltages Crer should be large compared to
stray node capacitance.

The TSC7106A/TSC7107A 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 commonis 20 ppm/°C
typically.

Analog Common (Pin 32)

The analog common pln 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 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 uA. Analog common
is therefore easily pulled to a more negative voltage (i.e.,
below V' -3.0 V). :

The TSC7106A connects the internal Vik and Vi 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;I'SC7106A 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 () output impedance.

With sufficiently high total supply voltage (V+ -V >7.0V)
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 Q resistor
in the TSC7106A. The test pin load should be no more than
1 mA.

If testis 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 circuitsallow 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 13
shows analog common supplying the necessary voltage
reference for the TSC7106A/TSC7107A.
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Figure 12: Analog Common Temperature Coefficient
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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.

7-211
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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).
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Figure 15: Negative Power Supply Generation with
TSC7660.




TSC7106A
TSC7107A

- 3 1/2 DIGIT A/D CONVERTER

TSC7107 Power Dissipation Reduction

The TSC7107A sinks the LED display currentand 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 itscommonanodeis connectedto+5V,
the TSC7107A output isat 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%! (7.3
mA X 2.2V X 24 = 385 mW).

1V 2V 3V 4V 5Vpe

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 resistorora 1 Amp
diode placed in series with the display (but not in series with
the TSC7107A). 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 resultin 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-

ments are “ON,” each “ON" output drops more voltage and
current. For the best case of sixsegments (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.

45V N -5V
‘0 o-
1Mo
24KQ o
0.22uF
100 pF 0.47 uF
. TP3 u
TP5 J_ WA
198 T 0.14F @ DISPLAY
Ti 1 1 e
_1TT2 T4l i= 1509
40 30 ™ 21
4
) 4> TSCTI07A =
1 10 20
FTTrTrrrrrrrrTrTrrrTrrrT
519 1/4W .
WA DISPLAY
1 mmmJl -]999

Figure 17: Diode or Resistor Limits Package. Power
Dissipation.

Appliéatidns 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

Representative
Part Numbers!

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

Note:

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.

Display

Manufacturer Address Type
Hewlett

Packard 640 Page Mill Rd. LED
Components Palo Alto, CA 94304

. . 19000 Homestead Rd.

Litronix, IC. ¢, hertino, CA 94010 -ED
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 Q) 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

VN
TSC7106A

BP 21

TesT 3L

oToLco
BACK PLANE

Simple Inverter for Fixed Decimal Point
or Display Annunciator

vt lv*
- —1
"’ D+
7l I
_jj 1~ | ToLeo
| ¢ DECIMAL
:C)D_._ POINTS
— |
! I
TEST |
|

| j[
L_430
GND

Multiple Decimal Point or
Annunciator Driver

NS

TSC7106A DECIMAL

POINT
SELECT

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-

Figure 18: Decimal Point Drive Using Test as Logic .
Ground.

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 inputand 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:

1

+

\%
+
VREF

>

> LCD DISPLAY

1983

<
RSTANDARD <

VREF
Vi
TSC7106A

RUNKNOWN

Vin
ANALOG
COMMON

R Unknown x 1000

R Standard
The display will overrange for R Unknown = 2 x R Standard.

Displayed Reading =
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Figure 19: Low Parts Count Ratiometric Resistance
Measurement
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Application Circuits
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Figure 20: 3 1/2 Digit True RMS AC DMM
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Figure 21: Temperature Sensor Figure 22: Positive Temperature Coefficient Resistor

Temperature Sensor
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Application Circuits (Cont.)
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Figure 23: Integrated Circuit Temperature Sensor
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25
24 TO DISPLAY
23 TO DISPLAY
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Figure 24: TSC7106A Using the Internal Reference. Figure 25: TSC7107A Internal Reference (200 mV Fuli-
(200 mV Fuli-Scale, 3 RPS). Scale, 3 RPS, Vin Tied to GND for Single
Ended Inputs).

7-215



3 1/2 DIGIT A/D CONVERTER

TSC7106A
TSC7107A

Application Circuits (Cont.)
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Figure 26: Circuit for Developing Underrange and Figure 27: TSC7106A/TSC7107A: Recommended
Overrange Signals from TSC7106A Component Values for 2.00 V Full-Scale.
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Figure 28: TSC7107A With a 1.2V External Band-Gap Figure 29: TSC7107A Operated from Single +5 V
Reference. V|n Tied to Common). Supply. An External Reference Must Be
Used in This Application.
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3 1/2 DIGIT A/D CONVERTER

FEATURES

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

m True Polarity Indication for Precision Null Appli-
cations

m Convenient 9 V Battery Operation (TSC7116)

m High Impedance CMOS Differential Inputs . . 1012Q

m Low Power Operation ................ 10 mW
0.1uF DISPLAY 0.14F DISPLAY
HOLD HOLD COMMON
34 33 34 33 1 ANODE
Cher CRer HLDR LCD DISPLAY Cher CRer HLDR DISPLAY
Mo PWEREL
+o—/\M—I—- Vin 2-19 | SEGMENT ~0—AN\T Vin 2-19|SEGMENT Y _
ANALOG (01, 22-25|DRIVE ANALOG 22-25|DRIVE
INPUT .01 10 INPUT 0.01 uF 20 m
- = _ —
Vin pof——J Vin POL|
8p 21 MINUS SIGN BDAR(I:\lI(ELANE GND. 21
32| ANALOG 5 32| ANALOG :5———_'_:
COMMON v COMMON v 015V
2|, 28y,
BUFF - 24 1: BUFF o
P “N ke 3 + 7 W
OATuF TSC7116 =9V 0.47 uF TSC7T117
29
Caz Vi |36 VRer S F2caz Vi
REF pf——<1.0kQ REF
022 4F 2 oy S 0.22pF ;
T2y m T2y
|26 .
0scp 0SC;  0SCY 0sc, 0sC;  0SCY -5V
39 [38  Cosc |40 39 |38 Cosc |40
Rosc ~4100 pF <e— TO ANALOG COMMON Rosc ~ 100 oF TO ANALOG COMMON
=AM ° (P32) ——AM ° RSIONS/S (°32)
100 k2 3 CONVERSIONS/SEC 100 ke 3 CONVERSIONS/SEC
Figure 1: Typical TSC7116 Operating Circuit Figure 2: Typical TSC7117 Operating Circuit
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TSC7117

The TSC7116 and TSC7117 3-1/2 digit CMOS
analog-to-digital converters contain all the active com-
ponents necessary to construct a 0.05% resolution
measurement system. Seven segment decoders, po-
larity and digit drivers, voltage reference and clock
circuit are integrated on chip. The TSC7116 drives
liquid crystal displays (LCD) and includes a backplane
driver. The TSC7117 drives common anode light emitting
diode (LED) displays directly with an 8 mA drive
current per segment.

The TSC7116/TSC7117 incorporates 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 Vggr or reference low
input is not available as it is with the TSC7106/TSC7107.
Vger is tied internally to analog common in the
TSC7116/TSC7117 devices.

A low cost, high resolution indicating meter
requires only a display, four resistors, and four capa-
citors. The TSC7116 low power drain and 9 V battery
operation make it ideal for portable applications.

The TSC7116/TSC7117 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
Q input impedance. The 15 uVp_p noise performance
guarantees a “rock solid” reading. The auto-zero cycle
guarantees a zero display reading witha zero volt input.

The TSC7116/TSC7117 dual slope conversion
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 TSC7116/TSC7117 are available in a small
60-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.

For applications requiring-a more temperature
stable internal reference voltage refer to the TSC7116A/
7107A data sheets.

Ordering. Information

Pin Temp. Display
Part No. Package Layout Range  Drive
40-Pin 0°C to
TSC7116CPL Plastic Dip Normal +70°C LCD
40-Pin -25°C to
TSCTHBIPL Plastic Dip  NO™a  Lggoc  LCD
40-Pin 0°C to
TSCT116CJL GerDIP Normal -7 LCD
40-Pin -25°C to
TSCT116IIL CorbIP Normal  ““gsc  LCD
60-Pin o
TSCT116CBQ Plastic Flat | orme? @010 1op
Leads +70°C
Package
40-Pin 0°C to
TSCT17CPL Plastic Dip o™ ¢ LED
40-Pin -25°C to
TSCTHTIPL Plastic Dip  NO™aLgeoc  LED
40-Pin 0°C to
TSCTI7CIL Cerpip  Normal - Tol.c  LED
40-Pin -25°C to
TSCTH7IIL CorDIP Normal = o LED
60-Pin
; Formed 0°C to
TSC7117CBQ Plastic Flat - 07" +70°c  LED
Package
44 -pPin Formed 0°C to
TSC7116CKW Plastic Flat ~Leads 70 LOP
44-Pin 0°C to
TSC71160LW (< e P
44-Pin
TSC7117CKW Plastic Flat E:::: d 2;%02 LED
* Package
, 44-Pin o
TSC7117C P
LW PLCC +70°c  LED

Devices with Burn-in (160 Hours at +125°C)

40-Pin

0°C to

TSC7116CPL/BI Plastic Dip Normal +70°C LCD
40-Pin 0°C to
TSC7117CPL/BI Plastic Dip Normal +70°C LED
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TSC7116
TSCT17

Pin Configuration

BUFF

_HoR[T] @ ML 30 ] oscy
21 I? PIN CONFIGURATION %2:?
1 3
By 37 | TEST _
s A s 36 | VREF FNSE Z
#1 6 %w fssgs e gBBEE
617 P [347] cher /[511 s][a][3][2][11[aa][a3][a2][s1][40]
L o] N [55] Crer “E = 39] REF LO
028 TSC7116 32 ] oS o 8] e
¢ [0 TSC7117 [31]vin o e
S 0V D‘ Ny COMMON
A2 (2 (73] caz 2 to) N 35
F2[13 [28] Vaurr ez 1] . [as]m v
€2 (72 ] 27 ] vint ne 1z) TSC7116CLW 34] NC
[ o3[ 26 |V & [13] TSC7117CLW 33]IN LO
0. B3 8 55 ] 62 ——| Afid] (PLCC) %AIZ
3

L— "3 [T | [28]cs o0 F2 i3]
E3

18 (23] 43 €16 30)INT
1000's ~AB4 [ 19 272 | G3
D317 29j v~
éﬂ 317} sl

POL | 20 BP/GND
s siG) = o 0} 5 0| % ) ) B P e )
z mnﬂﬁagza")ﬂ“
Lessoredesdioes TerTRfget e
) e ) L ) 7 el ) o L 5

n"
TSC7116BQ A
TSC7116CKW
TSC7117CKW
(FLAT PACKAGE)
& ®
MO G w6
L8RS S8 88 58285
S e 38 3 @ 3 3
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.
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3 1/2 DIGIT A/D CONVERTER

Absolute Maximum Ratings

TSC7116

Supply Voltage (V' to V) ........
Analog Input Voltage (either input) (Note 1) ....
Reference Input Voltage (either input)
Clock Input ..........oieia,

Power Dissipation (Note 2)

CerDIP Package .............
Plastic Package ..............

Operating Temperature

“C” Devices .........oiuiinnn.
Devices .......oovvvvinnnn.
Storage Temperature ............
Lead Temperature (Soldering, 60 sec)

upm

Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device. These are stress ratings only, and functional

............. 1000 mW
.............. 800 mW

......... 0°C to +70°C
....... -25°C to +85°C
..... -65°C to +160°C

+ -

Clock Input

............ 300°C

TSC7117
Supp+ly Voltage
Vv

+ Reference Input Voltage (either input)
"""""" TesttoV e teeeiiiiiiiiiiiiiiieiii.....GNDtoV?
Power Dissipation (Note 1)
CerDIP Package
Plastic Package
Operating Temperature
“C" Devices
Devices
Storage Temperature

Lead Temperature (Soldering, 60 sec)

............................................. -9V
Analog Input Voltage (either input) (Note 1)
....... VitoV

. Vitov”
LoV,

.......................... 1000 mW
............................ 800 mW

0°C to +70°C

-25°C to +85°C
-65°C to +160°C
......... 300°C

in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device

operation of the device at these or any other conditions above those indicated reliability.
Electrical Characteristics (Note 3)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
Zero Input Reading N e 2000 mV -0000  +000.0 +000.0 Digital Reading
Ratiometric Reading m::%’(z) iy 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and -ViN = +VIN = 200.0 mV -1 +0.2 +1 Counts
Negative Reading Near Full-Scale)
R e e W w2 ooms
Common-Mode Vem=%1V,ViN=0V. _ 50 _ VNV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV
Noise (Pk - Pk Valqe Not VIN=0V _ 15 _ uV
Exceeded 95% of Time) Full-Scale = 200.0 mV
Leakage Current @ Input VIN=0V — 1 10 pA
ViN=0V
Zero Reading Drift V% Device=0°C 10 70°C - 02 1 WV G
“I"” Device = -25°C to +85°C — 1.0 2
VIN =199.0 mV,
Soae Facer A A - ;
Temperature Coefficient VIN = 199.0 mV ‘ _ _ 20 ppm/°C
“I" Device: -25°C to +85°C
ot Remstarc I - 0
ViL, Pin 1 (TSC7116 only) — — Test +1.5 \"
ViL, Pin 1 (TSC7117 only) — — GND +1.5 \'
ViH, Pin 1 (Both) V' -15 - — \
Inclode LED Gurront for 7107) Vin=0 - 08 8 mA
Analog Common Voltage (With 25 k() Between Common 24 28 32 v
Respect to Pos. Supply) and Pos. Supply
Terpp. Coeff. of Analog common 25 k(2 Between Common _ 80 _ ppm/°C
(With Respect to Pos. Supply) and Pos. Supply
TSC7116 ONLY Pk - Pk v toV =9V 4 5 6 v

Segment Drive Voltage (Note 5)
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TSC7116
TSCM17

Electrical Characteristics (Cont.)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
TSC7116 ONLY Pk - Pk + - _

Backplane Drive Voltage (Note 5) VitV =9V 4 5 6 v
TSC7117 ONLY vt= 50V

Segment Sinking Current > _ 5 8.0 — mA
(Except Pin 19) Segment Voltage =3 V

TSC7117 ONLY Vi =50V

Segment Sinking Current N 10 16 — mA

(Pin 19 Only) Segment Voltage =3 V

NOTES:

1. Input voltages may exceed the supply voltages provided the input currentis
limited to + 100 pA.

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 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.

4. 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
dc component is less than 50 mV.

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-Pin
40-Pin DIP Flat Package
Pin Number  Pin Number Name Description

1 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 B 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 Gt 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.
1" 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 Bs Activates the B section of the hundreds display.
17 32 F3 Activates the F section of the hundreds display.
18 33 Es 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 Cs Activates the C section of the hundreds display.
25 43 Gz Activates the G section of the tens display.
26 45 A 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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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package . .
Normal Pin Number Name Description
28 47 VBUFF Integration resistor connection. Use a 47 k} for a 200 mV full-scale
range and a 470 k) for 2 V full-scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF capacitor for
29 49 Caz a 200 mV full-scale, and a 0.047 uF 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 Vin The analog high input signal is connected to this pin. .
30 57 Analo This pin is primarily used to set the analog common-mode voltage for battery operation or
c ommgn 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. ‘
. A 0.1 uF capacitor is used in most applications. If a large common-mode voltage exists
34 : 59 CREF (for example the VIN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 60 v’ Positive Power Supply Voltage.
. The analog input required to generate a full-scale output (1,999 counts). Place 100 mV
36 1 VREF  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 OSCs  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() resistor and a 100 pF capacitor. The 100 k) 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 10 uV.

Signal Integrate Phase

The auto-zero loop is opened, the internal shortis removed
and the internal input high and low are connected to the
external pins. The converter then integrates the differential
voltage between ViNand 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:

VIN
REF

1000 X

Reference .
The positive reference voltage (VReF) 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 voltabove
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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vin G—

/"
TSC7116
TSC7117

INTEGRATOR

T0
p——> DIGITAL
SECTION

COMPARATOR

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 (1), and a temperature coefficient of
80 ppm/° C typically.

vt
6.8 kS

-”»

TSC9491CJ

TSC716
TSCT17  Vieeha

12v
REFERENCE

COMMON

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 circuitis
shown in Figure 4. B

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 uA
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 Q) 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 pinwill sinkabout 10 mA under
these conditions.
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Figure 5: Simple Inverter for Fixed Decimal Point
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Igure"G: Exclusive “OR” Gate for Decimal Point Drive

TSC7116/7117
o TO
COUNTER

CRYSTAL

EXTERNAL

OSCILLATOR RC NETWORK

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
alarge 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 dc voltage exists across the
segments.
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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, the polarity indication is “on” for negative
analog inputs. If VIN and VIN are reversed, this indication can
be reversed also, if desired.

System Timing
Figure 9 shows the clocking method used inthe TSC7116and
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. Oscijllator 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, 66-2/3 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 (TSC7116) or GROUND (TSC7117)
or disconnect. This input is CMOS compatible with 70K typi-
cal resistance to TEST (TSC7116) or GROUND (TSC7117).

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 uF capacitor is recommended. On the 2 volt
scale, a 0.047 uF capacitor increase the speed of recovery
from overload and is adequate for noise on this scale. '

Reference Capacitor

A 0.1 uF 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-overerror. Generally
1.0 uF wili hold the roli-over error 0 0.5 count in this instance.
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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 voltfrom 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 common tied to supply ground,a+3.5to -

+4 volt swing is nominal. For three readings/second (48 kHz
clock) nominal values for CiNT are 0.22 p1F and 0.10 uF,
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 uA of quiescent current. They can
supply 20 pA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remainin
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 k() is near optimum
and similarly a 47 kQ) for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 k() resistor is recom-
mended and the capacitor is selected from the equation
f =45 . 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: ViN =2 VRer. Thus, for the 200.0 mV and 2.000 voit
scale, VReF should equal 100.0 mV and 1.00 voit respectively.
In many applications where the A/D is connected to a trans-
ducer, there will exista 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 VRer = 350 mV. Suitable values for
integrating resistor and capacitor would be 120 k(2 and 0.22 uF.
This makes the system- slightly quieter and also avoids a
divider network on the input. The TSC7117 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 VIN # 0. Temperature and weighing systems with a
variable tare are examples. This offset reading can be con-
veniently generated by connecting the voltage transducer
between ViN 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 anegative 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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" Typical Applications

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.

v

A LT
Viosct | coswos
i 1
0sc 2 ! ! IN914
1
osc3 I it +
- ! ! 10uF
N H ! iN91aT=
TSC7117 ! :
1 1
GND \ i
!
v 11 L ]

VT= 3.3

Figure 10: Generating Negative Supply From + 5V
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Figure 11: TSC7116 Using the Internal Reference
(200 mV Full-Scale, 3 RPS)
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Figure 12: TSC7117 Internal Reference (200 mV Full-
Scale, 3 RPS, ViN Tied to GND for Single
Ended inputs). :
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Figure 15: TSC7116/TSC7117: Recommended Com-
ponent Values for 2.00 V Full-Scale.
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Figure 14: TSC7117 With a 1.2 V External Band-Gap
Reference. V|n 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.

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 5.1 ohm, 1/4 watt 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.

7-227




TSC7116
TSC7117

3 1/2 DIGIT A/D CONVERTER

17. When segménts 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 di‘ésipation, 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

IV 2V 3V 4V 5V

Figure 17: TSC7117 Output Current vs Output Voltage

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 dispiay
brightness remaining steady is very important to the de-
signer, diode may be used instead of the resistor.

5V IN -5V
voo-
1MQ
.01
24 K2
. 0.22 uF
100 pF 3 0.47 uF
TPS _u :k
1905 T N °'1“F 4 DISPLAY
> TP 1
3T 1 i T F| | $0a
40 30 hid 21
4
D . %™ TsC7117 =
1 10 20
TP T T T T T rTd
81Q 1/4W
VA DISPLAY
. ]
1 IN4001 ! -]999
L_”-J
Figure 18: Diode or Resistor Limits Package Power
Dissipation
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SEMICONDUCTOR
The Analog Signal Processing Company ™ TSC71 1 6A

TSCT17A
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FEATURES

m 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 . . 1012Q
m Low Power Operation ................ 10 mW

0.14F DISPLAY 0.1 4F DISPLAY
HOLD HOLD COMMON
34 haa T 34 1 ANODE
Cker CRer HLDR LCD DISPLAY Cher Cregp HLDR DISPLAY
1MQ REF 1ma Rer  CREF
31] . -
* A7 2-19 | SEGMENT ¢o—~/\/vs1—— Vi
°~VW‘—_I.— N - i
ANALOG (0 ¢ 2225 |DRIVE ANALOG ¢ 01 ¢ N -
INPUT 2l = INPUT © OOTWF IS
- Vin poLf———] - Vin L
gp |21 MINUSSIGN | - BacKPLANE onol2?
32] ANALOG 32] ANALOG =
COMMON v COMMON wiE= v
28 28
U 5 S gy 63
47k S
0.47 ,;r; TsCT116A —ov 47 k2 S 0.47 uF TSC7117A {
Caz + v, H” c, v
022,48 VRerF ,ﬂ.ﬁiﬂt:mm 0224 Az Vher 35—“"-»:: 1.0kQ
> - >
T vinr Toomv T 2vr 100mv
|26 |26
\%
0SC; 0SC3  0SCY 0sc, 0sC;  0SC} -5V
39 138 Cosc (40 39 [38 Cosc |40
ROSC, , Y 100 pF <_J TO ANALOG COMMON ROSC, ., “J100pF ~e— TOANALOG COMMON
W
100 kO 3CONVERSIONS/SEC o2 00 vor 3coNVERsions/sec (P32
Figure 1: Typical TSC7116A Operating Circuit Figure 2: Typical TSC7117A Operating Circuit
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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 TSC7117A drives common anode
light emitting diode (LED) displays directly withan 8 mA
drive current per segment. ‘

The TSC7116A/TSCT7117A 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 Vggr or reference low
input is not available as it is with the TSC7106/TSC7107.
VRer is tied internally to analog common in the
TSC7116A/TSC7117A devices. ‘

The TSC7116A/TSCT7117A feature a precision
low driftinternal reference. A low drift external reference
voltage is normally not required. Existing 7116/7117
systems may be upgraded without changing external
components.

The TSC7116A/TSC7117A 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 currentand a 1012Q
input impedance. The 15 uVp_p noise performance
guarantees a “rock solid” reading. The auto-zero cycle
guarantees a zero display reading witha zero volt input.

The TSC7116A/TSC7117A 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
small 60-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.

- Ordering Information

Pin Temp. Display

Part No. Package  Layout _ Range  Drive

TSC7rteACPL o R L Normal Tewe Lo

TSCTHBAIIL ét:g’,‘,, Normal _25;%:(:0 Leo

TSCT116ACBQ g(l)a-:tiir; Flat Eg;r;:d “f}%ﬁg Lco
Package

Tso7iTACRL  gril pip "o e

TSCTM7AIL P Nomal 520 LeD

TSCT117ACBQ g?:;:tiir; Flat fg;’c',':d ‘1"7%!3 LED
Package

TSCTHGACKW  Plastie Fla DA AT
Package

TSC7116ACLW f,'tgg Tﬁ)otco Lco

TSC7117ACKW 4,:,‘.,::,'; Flat Londs. (107%:8 LED

TSC7117ACLW ;T_g: e LED

Devices with Burn-In (160 Hours at +125°C)
TSC7116ACPL/BI :‘I’;:tii’; pip  Normal T%)g LCD
TSC7117ACPL/BI ;?;:tii'; bip  Normal T%otg LED
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Pin Configuration

|

HLOR [7 40 ] 0sCy
oS @ orma % osc
! PIN CONFIGURATION 2

¢33 [38] 0sc3
B[4 37 ] TEST
s A[s | 36 ] VRer
Fi[Ce 35 vt
G ] Py [34] cher
== N F55] caee

0[] TSC7116A 37] ANALOG
[0} TSCTI17A  [E]viy

w820 (30 ]vin
A2 2] [25]Caz nefiz] TSC7116ACLW 34| NC
F2 [13] [28] veure 5, TSC7117ACLW Foalm Lo
| E2[0a] [27]vint nfid (PLCC) iz
o4 [ v
oo 83 €] [ 25] G2 ‘]
Fs (7] [2a]ca g0,
€3 [(Og] [23]43
1000's =AB4 [19 | (22 ]G3 J
poL [20 21 BP/GND
(MINUS SIGN) (71164771174)

"
TSC7116ACKW
TSC7117ACKW
(FLAT PACKAGE)

TSC7116A
TSC7117A

Notes: 1. NC = NO INTERNAL CONNECTION
2 PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE
INS IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE.

o3z
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Absolute Maximum Ratings

TSC7116A
Supply Voltage (V 1o V) .ovviiiiiiiiiiien, 15V
Analog Input Voltage (either input) (Note 1) .... A
Reference Input Voltage (either input) .......... Vito V™
CIOCK IAPUL .. vt eee e eeeieans Testto V"
Power Dissipation (Note 2)
CerDIP Package ................ s 1000 mW
Plastic Package .............c.ooiiiiiiiinn 800 mW
Operating Temperature
“C” DeVICES .vvviiiiiiii i 0°C to +70°C
“I7DeviCeS vttt -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

TSC7117A
Sup&ly Voltage
2 A +6 V
Ve -9V
Analog Input Voltage (either input) (Note 1) .... V' to V~
Reference Input Voltage (either input) .......... Vito V™
CIOCK INPUL .+ evvetisiereereeeneerennanenns GND to V*
Power Dissipation (Note 1)
CerDIP Package ............ccovviiinnen, 1000 mW
Plastic Package .............oooiiiiiinn 800 mW
Operating Temperature
“C" DBVICES «.vvvreni i 0°C to +70°C
“I” DeVICES +..viiiiiiii i -25°C to +85°C

Storage Temperature
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.

Electrical Characteristics (Note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
. VIN=00V - .
Zero Input Reading Full-Scale = 200.0 mV -000.0 +000.0 +000.0 Digital Reading
: : . VIN = VREF o :
Ratiometric Reading VREF = 100 mV 999  999/1000 1000 Digital Reading
Rollover Error (Difference in _ .
Reading for Equal Positive and _V": EJO\(/;':I_ 200.0 mv -1 +0.2 +1 Counts
Negative Reading Near Full-Scale) or=z.
Linearity (Max. Deviation From Full-Scale = 200 mV
Best Straight Line Fit) or Full-Scale = 2.000 V -1 0.2 + Counts
Common-Mode Vem=21V,ViN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV ¥
Noise (Pk - Pk Value Not VIN=0V 15 _ v
Exceeded 95% of Time) Full-Scale = 200.0 mV - ®
Leakage Current @ Input VIN=0V — 1 10 PA
VIN=0V
Zero Reading Drift V|CN Bgv\:;:e =0°Ct070°C - 02 1 uv/°eC
“I” Device = -25°C to +85°C — 1.0 2
ViN = 199.0 mV,
Scale Factor “C" Device = 0°C to 70°C - 1 5 ppm/°C
_ (Ext. Ref =0 ppm/°C)
Temperature Coefficient ViN = 199.0 mV _ _ 20 ppm/°C
“I” Device: -256°C to +85°C
Input Resistance,
Pin 1 (Note 6) 30 70 - ko
ViL, Pin 1 (TSC7116A only) — — Test +1.5 v
ViL, Pin 1 (TSC7117A only) — — GND +1.5 Vv
ViH, Pin 1 (Both) V' -15 — — \
Supply Current (Does Not _
Include LED Current for 7117A) ViN=0 = 08 18 mA
Analog Common Voltage (With 25 k() Between Common
Respect to Pos. Supply) and Pos. Supply 27 3.05 3.35 v
(Tv?/r.?lf 'R‘:‘s’ggé‘°t'o“§§;°%fp°p’l‘;’)“°" “C” Devices: 0°C to +70°C - 20 50 ppm/°C
25 k) Between Common
Temp. Coeff. of Analog Common °
(With Respect to Pos. Supply) and Pos. Supply - - [ ppm/°C

“I” Devices: -25°C to +85°C
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Electrical Characteristics (Cont.)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
TSC7116A ONLY Pk - Pk oy

Segment Drive Voltage (Note 5) VitV =9V 4 5 6 v
TSC7116A ONLY Pk - Pk + -

Backplane Drive Voltage (Note 5) VitoVv =9v 4 5 6 v
TSC7117A ONLY Vi=50V

Segment Sinking Current A _ 5 8.0 — mA
(Except Pin 19) Segment Voltage =3 V

TSC7117A ONLY vi=50V

Segment Sinking Current N 10 16 — mA

Segment Volitage =3 V

(Pin 19 Only)
NOTES:
1. Input voltages may exceed the supply voltages provided the input currentis 4. Refer to "Differential Input” discussion.
limited to = 100 pA. 5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of

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 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.

o

phase for ‘on’ segment. Frequency is 20 times conversion rate. Average
dc component is less than 50 mV.

. The TSC7116A logic input has an internal puli-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-Pin DIP 60-Pin
Pin Number  Flat Package
Normal Pin Number Name Description
1 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.
1 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 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.

29 36 BP TSC7116A: LCD Backplane drive output.

GND  TSC7117A: Digital Ground.
22 37 Ga Activates the G section of the hundreds display.
23 40 A3 Activates the A section of the hundreds display.
24 41 Cs 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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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal Pin Number Name  Description
28 47 VBUFF Integration resistor connection. Use a 47 kQ) for a 200 mV full-scale
v range and a 470 kQ for 2 V full-scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF capacitor for
29 49 Caz  a200 mV full-scale, and a 0.047 uF 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 Vin The analog high input signal is connected to this pin.
32 57 Analo This pin is primarily used to set the analog common-mode voltage for battery operation or
Commgn 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 CRer  See pin 34.
. . A 0.1 uF capacitor is used in most applications. If a large common-mode voltage exists
34 59 Crer  (for example the VIN pin is not at analog common), and a'200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 60 v Positive Power Supply Voltage.
+ The analog input required to generate a full-scale output (1,999 counts). Place 100 mV
36 1 VREF 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'F) 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 OSCs  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 kQ resistor and a 100 pF capacitor. The 100 k() 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 the noise of the
system. The offset referred to the input is less than 10 uV.

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+convert_er then integrates the differential
voltage between ViNand VN 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 _YIN_
VREF
Reference .
The positive reference voltage (VReF) 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 mustbe 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 signai drives the integrator positive when most of
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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) or forany system where
the input signals are fioating 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
enough to cause the zener to regulate (>7 V), the common
voltage will have a low voltage coefficient (0.001%/%), low
output impedance (=15 (1), and a temperature coefficient of
20 ppm/° C typically.

vt

vt
6.8k

”»

-<*»™ Vher TSC9491C)
TSC7116A

TSC7117A 12v

REFERENCE

COMMON |

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 uA
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 TSC7117A it is
coupled to the internally generated digital supply through
a 500 Q) 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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Figure 7: Clock Circuits

Digital Section

Figures 8 and 9 show the digital section for the TSC7116A and
TSCT7117A, 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 dc voltage exists across the
segments.

Figure 9 is the Digital Section of the TSC7117A. 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 Vi 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 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).

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 GROUND
(TSC7117A) or disconnect. This input is CMOS compatible
with 70K 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. For 200 mV full-scale where noise is very
important, a 0.47 uF capacitor is recommended. On the 2 volt
scale, a 0.047 uF capacitor increase the speed of recovery
from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1 uF 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 uF will hold the roli-over error to 0.5 count in this instance.
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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 fromeither
supply). In the TSC7116A or the TSC7117A, when theanalog
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 CINT are 0.22 uF and
0.10 uF, 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 uA of quiescent current. They can
supply 20 pA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remainin
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 k) is near optimum
and similarly a'47 kQ for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 k) resistor is recom-
mended and the capacitor is selected from the equation
f =45 . 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: VIN =2 VReF. Thus, for the 200.0 mV and 2.000 volt
scale, VRer should equal 100.0 mV and 1.00 volt respectively.
In many applications where the A/D is 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 VRer =350 mV. Suitable values for
integrating resistor and capacitor would be 120 k() and
0.22 uF. 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 Vin # 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 ViN and common and the variabie (or
fixed) offset voltage between common and ViN.

TSC7117A 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.

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.

+

-
Vosc1

0SsC 2| IN914

0OSC 3

”

TSC7117A

v- GND '—-l=.

V7= -3.3v

Figure 10: Generating Negative Supply From + 5V

Typical Applications
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Applications Information

The TSC7117A sinks the LED display currentand 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 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 TSC7117ACPL. Since a typical LED has 1.8 volts .

across it at 8 mA, and its common anode is connected to
+5V, 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 16: TSC7117A Operated from Single +5 V
Supply. An External Reference Must Be
Used in This Application.

Notice, however, that once the TSC7117A 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, 1/4 watt resistor ora 1 Amp
diode placed in series with the display (but not in series with
the TSC7117). The resistor will reduce the TSC7117A 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 “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

/

L

1V 2V 3V 4V 5V

Figure 17: TSC7117A Output Currentvs. Output Voltage

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.

IN -5V
.01
0.22 uF
0.47 uF
P
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i1 r If 1508
40 30 b 2
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) o\~ TSC7117A =
1 10 20
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”33 ~1393 ,

Figure 18: Diode or Resistor Limits Package Power
Dissipation
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FEATURES

Long Battery Life .......... 8000 Hours Typical

Auto-Zero Cycle

Guaranteed Zero Reading With Zero Input

Low Noise ...................ooiiln 15 uVp_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 uW Typical
900 W Maximum

Internal Clock Circuit

Drop-In Replacement For ICL7126
Available in Compact Flat Package
Industrial Temperature Range Device

IN +
+0 o-
7 Ji| i
EF = 100.0 mV é

o AN %ZAOKQ e g hd SET REF = 1000 mv zwxn ?ﬂné N

fa 0.330F ] 0.224F
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111 i Bl 11111 | &
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Figure 1: TSC7126 Clock Frequency 16 kHz Figure 2: TSC7126 Clock Frequency 48 kHz
(1 reading/sec.) (3 readings/sec.)
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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 multimeters
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 uV, zero
drift less than 1 uV/°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.

Typical Applications

m Thermometry

m Bridge Readouts (Strain Gauges, Load Cells, Null
Detectors)

m Digital Meters

— Voltage/Current/Ohms/Power

— pH

— Capacitance/Inductance

— Fluid Flow Rate/Viscosity/Level

Digital Scales

LVDT Indicators

Portable Instrumentation

Power Supply Readouts

Process Monitors

Photometers

Ordering Information

Pin Temperature

Part No. Package Layout Range

40-Pin " o
TSC7126CPL Plastic Dip Normal 0°C to 70°C
TSC7126RCPL 40-Pi.n . Reversed 0°C to 70°C

Plastic Dip

40-Pin o o
TSC71261JL CerDIP Normal -25°C to +85°C

60-Pin Formed o o
.TSC71ZGCBQ Plastic Flat Leads 0°C to 70°C

44-Pin Formed . o
TSC7126CKW Plastic Flat Leads 0°C to 70°C
TSC7126CLW 44-Pin . 0°C to 70°C

PLCC

Devices with 160 Hour, +125°C Burn-In

40-Pin 5 "
TSC7126CPL/BI Plastic Dip Normal 0°C to +70°C

40-Pin o o
TSC71261JL/BI CerDIP Normal -25°C to +85°C
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Pin Configuration
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vin [ ] (3082 o 2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THEleE
SUBSTRATE. THE POTENTIAL AT THESE PINS |
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l__ G339 [22 ] AB4 ~ 1000's
8p[20 71 ]roL
(BACK PLANE) (MINUS SIGN)

Note: For further information on Pin Configurations, see page 7-253.
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Absolute Maximum Ratings*

Supply voltage (VFto V) ... 15V Plastic PACKAGE .« vvvvevrerrnereennnennns 800 mW
Analog Input Voltage (either input) ™ .......... Vito vV~ Operating Temperature

Reference Input Voltage (either input) .......... vtito V: (CDEvVICe) .vviiviiiiiniiiieennnen 0°Cto +70°C
Clock Input ...ooiiiiiii i Test to V (IDEVICE) wvvvvviiiiniiieauann, -25°C to +85°C

Power Dissipation ?
Ceramic Package .................

Electrical Characteristics °

Storage Temperature
....... 1000 mW Lead Temperature (Soldering, 60 sec)

-65°C to +160°C
300°C

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0.0V
Full Scale = 200.0 mV -000.0 +000.0 +000.0 Digital Reading
Ratiometric Reading V\n = VRer 999 999/1000 1000 Digital Reading
Vger = 100 mV
Rollover Error (Difference in -Vin = +V)y = 200.0 mV -1 +0.2 +1 Counts
reading for equal positive and
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 Rejection Ratiol4] Vem = +1V, Viy = 0V. _ 50 _ uV/V
Full Scale = 200.0 mV
Noise (Pk - Pk value not exceeded 95% | VN =0V _ 15 . uV
of time) Full Scale = 200.0 mV
Leakage Current @ Input Vin = 0V —_ 1 10 pA
Zero Reading Drift Vin=0 _ 0.2 1 uV/°C
0°< Ta<70°C
Scale Factor Temperature Coefficient Viny=199.0mV 1 5 ppm/°C
0<Ta<70°C -
(Ext. Ref. 0 ppm/°C)
Supply Current (Does not Vin=0 _ 50 100 uA
include Common current) ‘Note 61
Analog Common Voltage (with respect | 250K() between Common and 2.4 2.8 3.2 Vv
to positive supply) positive supply
Temp. Coeff. of Analog Common 250K () between Common and _ 80 — ppm/°C
(with respect to positive supply) positive supply .
Pk-Pk Segment Drive Voltage V*toV-=9V 4 5 6 "
(Note 5)
Pk-Pk Backplane Drive Voltage V*toV—-=9V 4 5 6 \
(Note 5)
Power Dissipation Capacitance vs. Clock Frequency — 40 — pF
Notes:
1. Input voltages may exceed the supply voltages provided the input currentis 4. Refer to “Differential Input” discussion on page 4.
limited to +100 pA. 5. Backplane drive is in phase with segment drive for ‘off' segment, 180° out of
2. Dissipation rating assumes device is mounted with all leads soldered to phase for ‘on’ segment. Frequency is 20 times conversion rate. Average DC
printed circuit board. component is less than 50 mV.
3. Unless otherwise noted, specifications apply at TA=25°C. fcLock =16 kHz 6. During auto-zero phase, current is 10-20 uA higher. 48 kHz.oscillator,

and are tested in the circuit of Figure 1. Figure 2, increases current by 8 ua (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-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse)  Pin Number Name Description
1 (40) 13 v*  Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 Cq 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 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 Es 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 Gs Activates the G section of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 17) 4 Cs3 Activates the C section of the hundreds display.
25 (16) 43 G2 Activates the G section of the tens display.
26 (15) 45 A Negative power supply voltage.
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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Filat Package
Normal (Reverse) Pin Number Name Description
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 vV output to saturate. When analog common is used as a reference and
'NT " the conversion rate is 3 readings per second, a 0.047 uF 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 k() for a 200 mV full-scale range and a
28 (13) a7 VBUFF 1,80 M0 for 2 V full-scale range. v
The size of the auto-zero capacitor influences the system noise. Use a 0.33 uF
29 (12) 49 Caz  capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale.
See paragraph on AUTO-ZERO CAPACITOR for more details.
30 (11) 51 VIN The low input is connected to this pin.
31 (10) 55 Vf& The high input signal is connected to this pin.

This pin is primarily used to set the analog common-mode voltage for battery
32 © 57 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.

33 (8) 58 CREF  See pin 34.
. A 0.1 uF capacitor is used in most applications. If a large common mode voltage
34 7) 59 Crer  exists (for example the .Vin pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.

. The analog input required to generate a full-scale output (1,999 counts). Place
36 (5) 1 VRer 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

37 4) 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.
38 3) 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
40 (1) 10 OSC+1 section) connect pin 40 to the junction of a 180 k(} resistor and a 50 pF capacitor.

The 180 k(1 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 (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate, (DE.

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 input is less than 10uV.

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 Ht 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. Atthe 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

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
VIN

1000 X ——— -
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 capac-
ity onits nodes. If there is alarge 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. 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.

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 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

|
|
|
1
1
!
| 1uA
|
|

|
IN HI (B:—"—

32
common -

p———— TO DIGITAL SECTION

COMPARATOR
-»

TSC7126

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 voitage of
about 6V. However, the analog common has some of the
attributes of a reference voltage. When the total supply vol-
tageislarge enough to cause the zener to regulate (>7V), the
common voltage will have a low voltage coefficient
(0.001%/%), low output impedance (=15(}), 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
+
V' ReF Wi v 27k
6.8 VOLT
L ZENER ".‘
REF LO) T TSC7126
-~
A | -~ e
TSC7126 12V
REF LO €
COMMON
v
(@ (b)

Test

The TEST pin serves two functions. It is coupled to the
internally generated digital supply through a 5001} 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*) 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.

lvT - v+

”»

TSC7126

|

|

|

|

| | TOLCD
Cd or T %———DECIMAL

U 3 POINT

- TG'ED
TEST v
37

TOLCD
“ BACK PLANE

Figure 5: Simple Inverter for Fixed Decimal Point

Figure 4: Using an External 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 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 COM-
MON, it should be since this removes the common mode
voltage from the reference system.

Within the 1IC analog COMMON s tied to an N-channel
FET that can sink 100 uA 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 1 uA of source current, so COMMON may easily
be tied to a more negative voitage thus over-riding the
internal reference.

DECIMAL
TSC7126 POINT >—1—)
SELECT

Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive

DIGITAL SECTION

Figure 8 shows the digital section for the 7126. 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 relative large capacitive currents
when the backplane (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

7_248the same frequency and amplitude and are in phase with
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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 7)

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.

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 (also 400 and 440 Hz).

ﬁ? TSC7126 ’
i
—1 So— - |
!
) |

The oscillator frequency is divided by four before it clocks CouNTER !
the decade counters. It is then further divided to form the !
three convert-cycle phases. These are signal integrate (1000 L i - S . R ® -
counts), reference de-integrate (0to 2000 counts) and auto- oSN CRYSTAL
zero (1000 to 3000 countsi. For signals less than full scale,
auto-zero gets the unused portion of reference integrate. RC NETWORK 3
This makes a complete measure cycle of 4,000 (16,000 clock TEST
pulses) independent of input voltage. For three readings/ Figure 7: Clock Circuits
second, an oscillator frequency of 48 kHz would be used.
BACKPLANE
—————————————————— y — —
PN |
o |
TSC7126
LCD PHASE DRIVER |
|
i |
TYPICAL SEGMENT QUTPUT
+ 7 T 7 T 7 T 200 |
Vv DECODE DECODE DECODE '
0.5mA |
J— SEGMENT - I
OUTPUT
LATCH |
2mA |
INTERNAL DIGITAL GROUND l
THOUSAND j<—] HUNDREDS |« TENS j«—q] UNITS l
|
*THREE INVERTORS. TO SWITCH DRIVERS I
Ok CLan e SHOWN FROM COMPARATOR OUTPUT 1 I
FOR CLARITY. ———\
i oV
CLOCK * ea2v |
—| LoGIC CONTROL N TesT
INTERNAL DIGITAL GROUND [ @ 260y
a0 39 38 M
-———é;—-——ﬁ)—————e) ————————————————————— -
0osc1 osc 2% 0sc 3
T
LA

Figure 8: Digital Section
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Component Value Selection

1. 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 0.33 uF capacitor is
recommended. On the 2 volt scale, a 0.033 pF capacitor
increases the speed of recovery from overload and is
adequate for noise on this scale.

2. Reference Capacitor

A 0.1 uF capacitor is acceptable in most applications. How-
ever, where a large common mode voltage exists (i.e. the
REF LO pinis notatanalog COMMON ) and a200 mV scaleis
used, a larger value is required to prevent roll-over error.
Generally 1.0 uF 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). When the analog COMMON is used

as a reference, a nominal £2 volt full scale integrator .

swing is acceptable). For three readings/second (48 kHz
clock) nominal value for CinT is 0.047 uF, for one reading
per second (16 kHz) use 0.15 uF.

If different oscillator frequencies are used, these values
should be chahged in inverse proportion to maintain the
output swing. '

The integrating capacitor must have Iow dlelectrlc
absorption to prevent roll-over errors. Polypropylene
capacitors are recommended for this application.

At three readings/sec., a 750(} resistor should be placed
"in series with the integrating capacntor to compensate
for comparator delay.

Typical Applications

4. Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 6 uA of quiescent current. They can
supply ~1 A 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 M) is near optimum
and similarly 180 K( for a 200.0 mV scale.

5. Oscillator Components

For all ranges of frequency a 50 pF capacitor is recom-
mended and the resistor is selected from the approximate

equation f ~ 22 . For 48 kHz clock (3 readings/second),
R =180 K(1. )

6. Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: ViN = 2 VReF. Thus, for the 200.0 mV and
2.000 volt scale, VRer 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 VRer = 0.341V. A suitable value for inte-
grating resistor would be 330 K(). 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 VIN #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 Hi
and COMMON and the variable ror fixed: offset voltage
between COMMON and IN LO.

Scale factor adjust
(Vret = 100mV for AC to RMS)

100K(}

ACIN

100pF (for optimum band width)

Topin 1
40
A\ -
osc 1 104F
180K11 u
meE e T
osc 3[F———
F
TesT fF}—®

REF 1)

ReF LO[] < 470K0)
cresH—a 10K1) 220K¢)
CREF[ }—T

common [
N[
=
- "‘A';° ) omr e
A =
"\‘1! Vgl ouus ¥
=
G2
C3 -
= TO DISPLAY
A3 =
Ga
BP [ 1+ TO BACK PLANE
2

Figure 9: AC to DC Converter with TSC7126. Test is Used as a Conimon Mode Reference Level to Ensure
7-250
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Typical Applications (Cont.)

To pin 1
—— 40 ———— 40 Yo pin 1 =————
180K N :I 180K}
F— Set Vre! = 1.000V :] l Set Vref = 100.0mV
= SOpF = 50pF
Z b oyt —
E]——a 0.AuF 250K 1) 240K PN :):’__J-.Lour 10KO 220K
Tsc7126 [(+—e 1M1 . TSC7126 [ ™ N
_L:] ,t.ot..r vVv °IN }:] I A [N
—’:] 0.022,F 4 - - & o.:aurl M- = -
m::z;ia - }—J\/\;;:%" — OV
= 75001 '10.047.F - __,: VW \rsim b oar.r b
=, v -,
u] =]
% TO DISPLAY % TO DISPLAY
=l =
[ }————TO BACK PLANE [} TO BACK PLANE
21 21
Figure 10: Recommended Values for 2.000 V Full- Figure 12: TSC7126 Using the Internal Reference.
Scale, Three Readings Per Second. 200.0 mV Full-Scale, Three Readings Per
Second, Floating Supply Voltage
(9 V Battery).
To pin 1 Topin 1
~— 40 —— 40
}— *
Set Vref = 100.0mV :l " i Set Vret = 100.0mV
g 50pF \ L) ar /
§ ;o.ur Toxe i A es sv
TSC7126 * = 2
j I TMMF o™ oz [ 0.33,F +- 2
i Eﬂoxn! 3 %’j@
O 1 53—
5
: ) =
= TO DISPLAY é TO DISPLAY
=
TO BACK PLANE TO BACK PLANE
——— 21
Figure 11: TSC7126 with Zener Diode Reference. Figure 13: TSC7126 Operated From Single +5 V
Supply. An External Reference Must
Be Used.
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Typical Applications (Cont.)
o V*
To pin 1 To pin 1
P - o
— *
= "._'::{E Scale factor adjust
s 5w/
= = 100K, R A mn 100K
= Er—?o, f|  200k0 470K0) »ﬁ---—ﬁ
) - 7 AV WA
BV = - 2__;_‘1*\ v || e’
Tscrize - EE - OWF T - siticon NPN
% RiNT A A E » E A A 5.39:”( } igv :‘ir:ﬁ:rm‘ o
— C——d 5
- sl
— TO DISPLAY é TO DISPLAY
F—— vosack [} T0 BACK PLANE
21 PLANE = B ——T]
*Values depend on clock frequency. See Figure 10, 12, 15.
Figure 14: TSC7126 Measuring Ratiometric Values of Figure 16: TSC7126 Used as a Digital Centigrade
Quad Load Cell. The Resistor Values Thermometer. A Silicon Diode-Connected
Within the Bridge are Determined by the Transistor Has a Temperature Coefficient
Desired Sensitivity. of About 2 mV/°C.
Tt
1 40
— 40 To pin 1 I \—y [
all 560K0 r@ )
1 Set Vref = 100.0mV To E [
] S0PF okt Icg'c ] % l
200K 27K1 O To logic
T — 1 v ] L] Gno.
-» ™ é -‘-:,_.o.\.‘r- v ™ TsCo49iCy E Tson26 %
¢ TSC7126 —9 M0 + ] ]
—jq .:3 o1F YVV °iN E__— EI
e ' :
Q:——“'lmr - w O ,_:}-—Ov
[ T v (]
& g g =
TO DISPLAY ange
- ) B =i I
[ }—— 70 BACK PLANE 20 21
2
CD4023 :-I_--L I
or 74C10 i CD4a077
Figure 15: TSC7126 With an External Band-Gap Figure 17: Circuit for Developing Underrange and
Reference (1.2 V Typ) IN LO Is Tied to Overrange Signals from TSC7126 Outputs.

Common. Values Shown are for One
Reading Per Second.
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Typical Applications (Cont.)

Yo pin 1

—————— 40

al 560K 11
Set Vre!  1.000V
[ —
; 50pF
’
) AAA—4—ov "
:}——:_0‘ n 250K 1) 240K 1)
PN = ‘
N i i ,

T5C7126 L E MG N

—j 0.0224F e
1.8M()
ﬁi " 0.154F v
]
TO DISPLAY

]
=
:2‘ TO BACK PLANE * Values depend on clock frequency. See Figure 10, 12, 15.

Figure 18: Recommended Component Values for 2.00 VFull-Scale, One Reading Per Second.

Pin Configurations
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FEATURES
u Internal Reference With Low
Temperature Drift .......... 35 ppm/°C Typical
75 ppm/°C Maximum
B Guaranteed Zero Reading with Zero Input
mLowNoise .....................o.L. 15 uVp_p
B High Resolution (0.05%) and Wide Dynamic Range
(72 dB)
m Low Input Leakage Current ...... 1 pA Typical

10 pA Maximum
m Direct LCD Drive - No External Components
m Precision Null Detection With True Polarity at Zero
m High Impedance Differential Input
m Convenient 9 V Battery Operation With Low
Power Dissipation ............. 500 uW Typical
900 W Maximum
m Internal Clock Circuit
m Improved Drop-In Replacement For ICL7126 that
offers Low Analog Common Voltage Drift
| Available in Compact Flat Package
m Industrial Temperature Range Device Available

0.1 4F

34[_“133

Cher  CReF LCD DISPLAY
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TSC7126A

3 1/2 DIGIT A/D CONVERTER

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 4 times improvement over similar 3 1/2
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 uW maximum. Long battery life is
guaranteed, a key design consideration in portable or
battery back-up systems.

The TSC7126A limits Imearlty errorto 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 10'2 Q input impedance. The
differential reference input allows ratiometric measure-
ments for ohms or bridge transducer measurements.
The 15 uVp_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.

Typical :Appl‘icatiqns

Thermometry

Bridge Readouts (Strain Gauges, Load Cells, Null

Detectors)
Digital Meters

— Voltage/Current/Ohms/Power

— Capacitance/Inductance

— Fluid Flow Rate/Viscosity/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
40-Pin 0°C to 75 ppm/°C
TSC7126ACPL Plastic Dip Normal 70°C Max
40-Pin 0°C to 75 ppm/°C
TSC7126ARCPL Plastic Dip Reversed 70°C Max
40-Pin -25°C to 100 ppm/°C
TSC7126AlJL CerDIP Normal +85°C Max
60-Pin Formed 0°C to 75 ppm/°C
TSCT126ACBQ Plastic Flat  Leads 70°C Max
44-Pin Formed 0°Cto 75 ppm/°C
TSCT126ACKW Plastic Flat Leads 70°C Max
TSC7126ACLW  44-Pin - 0°Cto 75 ppm/°C
PLCC 70°C Max

Devices with 160 Hour, +125°C Burn-In
40-Pin 0°C to 75 ppm/°C
TSC7126ACPL/BI Plastic Dip Normal +70°C Max
40-Pin -25°C to 100 ppm/°C

TSC7126AlJL/BI CerDIP Normal +85°C

Max
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Pin Configuration

VI @ omma [40] 0501
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Note: For further information on Pin Configurations, see page 7-260.
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3 1/2 DIGIT A/D CONVERTER

TSC7126A

Absolute Maximum Ratings

Plastic Package (P) ...........ccooiiiiinnnnn.. 800 mW

Supply Voltage (V+ tOV) 15V Epoxy Flat Package (B, S) .......c.coovvvnn.. 500 mW
Analog Input Voltage (either input)" ..... Vito v~ Operating Temperature

Reference Input Voltage (either input) ........ ARTAS (“C" DEVICES) vvvvvvvniiiiieinieiniennes 0°C to +70°C

Clock Input ..ottt Testto V* (“1” DeVICES) +vvvviviviivniieiiiiennens -25°C to +85°C

Power Dissipation ? Storage Temperature ................. -65°C to +160°C

CerDIP Package (J) .....ovvvvvninennenennns 1000 mW Lead Temperature (Soldering, 60 sec) ........... 300 °C

Electrical Characteristics: v =9V, fciock = 16 kHz and Ta = 25°C unless otherwise noted.

: TEST TSC7126A
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
_ . VIN=0.0V, N Digital
1 Zero Input Reading Full-Scale = 200.0 mV 000.0 +000.0 +000.0 Reading
_ . . ViN=00V, _ °
2 Zero Reading Drift 0°C < TA<70°C 0.2 1 uV/°C
3 — Ratiometric Reading VN = VREF. 999 999 1000 ~Digital
1 VRer = 100 mV 1000 Reading
N
[ 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.
_ -VIN = +VIN _
5 Rollover Error ~200.0 mV 1 +0.2 +1 Counts
. Vin=0V, _ —
& En Noise Full-Scale = 200.0 mV 15 #Vp-p
7 It Input Leakage Current VIN=0V — 1 10 pA
Common-Mode Vem=£1V,VN=0V _ _
8 CMRR  Rojection Ratio Full-Scale = 200.0 mV 50 W
Scale Factor ‘é!,“;;‘?"-ﬂ r;(}{,c
9 — Temperature = A= — 1 5 ppm/°C
Coefficient Ext. Ref. Temp.
Coeff. = 0 ppm/°C
250 k() Between
Analog Common Commom and V
10 Vcte Temperature 0°C<TA<70°C — 35 75 ppm/°C
Coefficient “C"” Commercial
AC Temp. Range Devices
N 250 k0 Between,
LM Analog Common Common and V
00 11 Vcte Temperature -25°C < Ta<85°C —-_ 35 100 ppm/°C
GN Coefficient “I" Industrial Temp.
Range Devices
Analog Common 250 k) Between
12 Ve Voltage Common and V" 27 3.05 3.35 v
D LCD Segment + -
:5 ? 13 Vsp Drive Voltage VitoV =9V 4 5 6 Vp-p
DV LCD Backplane + -_
E 14 Vep Drive Voltage VitoVvV =9V 4 5 6 Vp-p
- + -
SUPPLY 15 s Power Supply Current YIN=0V,V 1oV =9V, - 55 100 LA
Note 7
Notes: 4. Refer to “Differential Input” discussion.
1. Input voltages may exceed the supply voltages when the input current is 5. Backplane drive is in phase with segment drive for ‘off' segment and 180°

limited to 100 pA.

2. Dissipation rating assumes device is mounted with all leads soldered to

printed circuit board.

3. Static sensitive device. Unused devices should be stored in conductive
material tc protect devices from static discharge and static fields.

out of phase for ‘on’ segment. Frequency is 20 times conversion rate.

NO
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Average DC component is less than 50 mV.

See Figure 1.

During auto-zero phase, current is 10-20 A higher. A 48 kHz oscillator,
increases current by 8 uA (typ.). Common cuirent not included.
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Pin Description

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
1 (40) 13 v* Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 Cq 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 D3 Activates the D section of the hundreds display.
16 (25) 31 Bs Activates the B section of the hundreds display.
17 (24) 32 F3 Activates the F section of the hundreds display.
18 (23) 33 Es 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 Cs Activates the C section of the hundreds display.
25 (16) 43 G2 Activates the G section of the tens display.
26 (15) 45 Vo 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 ana_log common is used as a referenqe and
the conversion rate is 3 readings per second, a 0.047 nF 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 VBUFF Integration resistor connection. Use a 180 k(1 for a 200 mV full-scale range and a

180 MQ for 2 V full scale range.
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TSC7126A

Pin Description (Cont.)

3 1/2 DIGIT A/D CONVERTER

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
) The size of the auto-zero-capacitor influences the system noise. Use a 0.33 uF
29 (12) 49 Caz  capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale.
See paragraph on AUTO-ZERO CAPACITOR for more details.
30 (1) 51 VIN The low input is connected to this pin.
31 (10) 55 Vlﬁ The high input signal is connected to this pin.
This pin is primarily used to set the analog common-mode voltage for battery
32 © 57 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.
33 (8) 58 CReF  See pin 34. .
. ' . A 0.1 uF capacitor is used in most applications. If a large common mode voltage
34 (7) 59 Crer exists (for example the VIN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.
. The analog input required to generate a full-scale output (1,999 counts). Place
36 (5) 1 . VRer 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
37 (4) 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.
38 (3) 4 OSC3 See pin 40.
39 (2) 6 OSC2 See pin 40. )
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per
40 1) 10 section) connect pin 40 to the junction of a 180 k) resistor and a 50 pF capacitor.

0SsC1

The 180 k resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38.

Pin Configurations

TSC7126ACLW
(PLCC)

TSC7126ACKW
(FLAT PACKAGE)
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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:

® |nput Signal Integration
® Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed time
period (Tsi). 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 (TRy).

In a simple dual slope converter a complete conversion
requires the integrator output to “ramp-up” and “ramp-down.”

ANALOG
INPUT O——0
SIGNAL

! COMPARATOR

L— SWITCH DRIVER
CONTROL ——i LOCKI
REF c
VOLTAGE Logic
PHASE CONTROL

POLARITY CONTROL
. y
2
£ DISPLAY COUNTER
2
o
S
g VIN~ VFULLSCALE
o« ~
e ! Vin = 12 VeyLLscaLe
B 1
z

et >

SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

Figure 2: Basic Dual Slope Converter

30

20

v

NORMAL MODE REJECTION (dB)

}/ T = MEASUREMENT PERIOD

1

[ —_,
0.1/T

1T
INPUT FREQUENCY
Figure 3: Normal-Mode Rejection of Dual
Slope Converter

10/T
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A simple mathematical equation relates the input signal,
reference voltage and integration time:

),

VR = Reference Voltage
Tsi = Signal Integration Time (Fixed)
Tr1 = Reference Voltage Integration Time (Variable)

For a constant VIn:

Tsi

Vinydt — _VRTRI
“RC

where:

TR
TsI

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.

VIN = VR

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 uV.

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 Vin and Vin. The differential input signal is
integrated for a fixed time period. The TSC7126A signalinte-
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:

Tsi= x 1000

fosc
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where:
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, 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 Vik 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 0 and
2000 internal clock periods. The digital reading displayed is

VIN
VREF

1000

Digital Section

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 by 800. For three con-
versions/second the backplane frequency is 60 Hz witha 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 Vi and VI are reversed this indicator would reverse.

On the TSC7126A when the test pinis 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 segment drive assignment are shownin
Figure 5.

|—1000's—|-—100's—l—10‘s—'—1's—|

-1 8§88

Figure 5: Display FONT and Segment Assignment.

DISPLAY FONT

0123456189
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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:

Te= 4000 |1
fosc

Where fosc is the externally set clock frequency.

® Reference Integrate: 0 to 2000 Counts
(0 to 8000 Clock Pulses)

The TSC7126A isa drop in replacement forthe 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 pF capacitor is recommended for 200 mV full-scale
applications where 1 LSB is 100 uV. A 0.033 pF capacitor is
adequate for 2.0 V full-scale applications. A mylar type dielec-
tric capacitor is adequate.

Reference Voltage Capacitor - CRer

The reference voltage used to ramp the integrator output vol-
tage back to zero during the reference integrate cycle is
stored on CRrer. A 0.1 uF 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 Crer to 1.0 uF. Rollover error will
be held to less than 0.5 count. A mylar type dielectric capaci-
tor is adequate.

Integrating Capacitor - CINT

CINT 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 normaily supply the dif-
ferential voltage reference. For this case a 2 V full-scale
integrator output swing is satisfactory. For 3 readings/sec-
ond (fosc =48 kHz) a 0.047 value is suggested. For one read-
ing per second 0.15 uF is recommended.!f a different oscil-
lator frequency is used CINT must be changed in inverse
proportion to maintain the nominal +2 V integrator swing.

An exact expression for CiNT is:




TSC7126A

3 1/2 DIGIT A/D CONVERTER

(@o00) (1) (VFS
fosc

VINT

R
CiNT = INT

Where:

fosc = Clock frequency at Pin 38

VFs = Full-scale input voltage

RINT = Integrating resistor -

VINT = Desired full-scale integrator output swing

At three readings per seccond, a 750 () resistor should be
placed in series with CiNT. This increases accuracy by com-
pensating for comparator delay. Cint must have low dielec-
tric absorption to minimize roll-over error. An inexpensive
polypropylene capacitor is recommended.

Integrating Resistor - RiNT

The input buffer amplifier and integrator are designed with
class A output stages. The output stage idling current is
6 pA. The integrator and buffer can supply 1 uA drive
currents with negligible linearity errors. RINT is chosen to
remain in the output stage linear drive region but notso large
that printed circuit board leakage currents induceerrors. For
a 200 mV full-scale RiNT is 180 k(). A 2.0V full-scale requires
1.8 mQ.

Component Nominal Full-Scale Voltage
Value 200.0 mV - 2.000V
Caz 0.33 uF 0.033 uF
RINT 180 kQ 1.8 MO
CINT 0.047 uF 0.047 uF
Note:

1. fosc = 48 kHz (3 readings/sec)

Oscillator Components
Cosc should be 50 pF. Rosc is selected from the equat'ion:
0.45

RC
For a 48 kHz clock (3 conversions/sec) R = 180 k().

fosc =

Note that fosc is divided by four to generate the TSC7126A
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 * VREF
200.0 mV 100.0 mV
2.000 V 1.000 V
* VFs = 2 VREF -

In some applications a scale factorother 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 Ib/in®. 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 VN 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 Vi and analog common.

Device Pin Functional Description
Differential Signal Inputs
(VIN (Pin 31), Vin (Pm 30))

The TSC7126A is designed with true differential inputs and
accepts input signals within the input stage common-mode

e

LCD DISPLAY

-1234

SEGMENT
_DRIVE

8Y!
STEM Vin

vt

Vin
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AR N
POWER SOURCE

MEASURED ~ VBur

ANALOG |~ _
coMMON VREF VREF v* V-

Caz VINT

W

l <
P> TscTi26A __'l' p:

Figure 6: Common-Mode Voltage Removed in Battery Operation with Viy = Analog Common
7-264



PRODUCT INFORMATION

TSC7126A

voltage range (Vcm). The typical rangeis V' -1.0to V™ +1V.
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 (Vcowm): 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.

INPUT
BUFFER

Vin
| INTEGRATOR
-0
Al
Vi=g [VCM —VINI
Vem where: 4000
| T) = INTEGRATION TiME = 4090
Cy = INTEGRATING CAPACITOR
Ry = INTEGRATING RESISTOR

Figure 7: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)

Differential Reference
(Vfer (Pin 36), Vaer(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 Crer 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 anaiog commonis 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 FET capable of 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 pA. Analog common
is therefore easily pulled to a more negative voitage (i.e.,
below V' -3.0 V).

The TSC7126A connects the internal Vin and V|+N 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 VN 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;rSC71 26A power source. The analogcommon
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 () 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 5V 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 Q 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 i
[3)
% 60| MAXIMUM
F SPECIFIED
]
140
gz TYPICAL|
2 5 120}
s £ 100 NO
© s
S8 GUARANTEED MAXIMUM
2 w sof- MAXIMUM SPECIFIED
2 € T reee—-
< 2 !
= 60[— TYPICAL
;4
g wf- TYPICAL
el
s icL IcL
TSC7126A 7126 7136
0

Figure 8: Analog Common Temperature Coefficient
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TSC7126A Internal Voltage Reference

The TSC7126A analog 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 analogcommon supply-
ing the necessary voltage reference for the TSC7126A.

Applications Information
Liquid Crystal Display Sources

Several LCD manufacturers supply standard LCD displays to
interface with the TSC7126A 3 1/2 digit analog-to-digital
converter.

% 240 kQ
>

9V+
T
V- vt i

Tscrizea | &
+ > 10 k!
Vierf =g 10K

Vier |
anacoc 221

COMMON

SET VREF = V/2 VFULL SCALE

'Figure 9: TSC7126A Internal Voltage Reference

Connection
Representative
Manufacturer Address/Phone Part Numbers'
Crystaloid 5282 Hudson Dr., C5335, H5535,
Electronics  Hudson, OH 44236 T5135, SX440
216/655-2429 v I Y
1
AND 770 Airport Bivd., FE 0801 | e |
Burlingame, CA 94010 FE 0203 TSC7126A ! !
415/347-9916 | |
~ w2 Lo B
EPSON 3415 Kashikawa St.,  LD-B709BZ ' ¥ 1 romT
Torrance, CA 90505  LD-H7992AZ TesT|3Z GND
213/534-0360 oTOLCD
BACK PLANE
Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903
Lake Mills, WI 53551 Simple Inverter for Fixed Decimal Point
414/648-2361 or Display Annunciator
Note:

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 Q) 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 test socket for the TSC7126ACSQ
device is available:

- ::j
|
T
sc7126A | e | : ToLen
POINT

poINT —tt)DA_ POINTS
D+

Multiple Decimal Point or
Annunciator Driver

Part No.: IC 51-42
Manufacturer: Yamaichi
Distribution: Nepenthe Distribution

2471 East Bayshore
Suite 520

Palo Alto, CA 94043
(415) 856-9332
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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 inputand 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:

The display will overrange for R Unknown =2 x R Standard.

1

IV

VReF

<
RSTANDARD S

LCD DISPLAY

1983

VREF
Vin g
TSC7126A

RUNKNOWN

Vin
ANALOG
COMMON

Displayed Reading = RUnknown 44y Figure 10: nl;low Parts C?unt Ratiometric Resistance
R Standard easuremen
9V
T . I|l—|
IN4|48* = .—u—- 2
200 mv L I v .
—t1 14 ¢ v
Vin J8 1Mo { aip r——j-
<A

" Jime B ] P> rsorizea |
0.02 JE 1:2] =

900 k2 “F AD636 v;EF

20V AA N2 4 1]

47 k2 — _ %

90 kQ 1o% 6.8uF 2= E VReF

L] 83005
10k E o Vin 2
20Kk2 S 224F -

10"29?\_< # T T =0 Vil 38
com &Y pPVARIABLE %]\~ 3

3 1/2 Digit True RMS AC DMM

LCD DISPLAY
9V [,] 8V
| all F—‘
, | !
Swoke  Z300ke S 300ka 5.6k S 160k
$ 3 3 " 1 v
v N L 2 \
N 1914 N
™ = $ 20ka N RS
.y N 3 Q
1N4148 50 kQ S Vin TSC7126A Vin TSCT126A
; SENSOR 1> L 07%rc Ry i
Vgg = 200 mv ‘:/pn; < Vier
50 k2 S Vier R3 $20kQ
>R
2
VREF VREF
OMMON COMMON

Figure 11: Temperature Sensor
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TSCT126A

9V
2 1
vt CONSTANT 5 V vt
/ - Vher
VOUT 6 1 §1‘kAﬂ !’:'IAl;n Vgg= 200V
VWA VWA
-*a Rg R "3 50 kO Vaer
TSC9495 s . ) N . b
ADJ NC
112 Lmasa\‘ iy 2
remp |2 3 // TSC7126A
TEMPERATURE Vour = Vin
DEPENDANT 186ve
OUTPUT 25°C L 50k
R TE OMMON
GND 4 v
4 JZG
=
Figure 13: Integrated Circuit Temperature Sensor
Package Information
(Package #17)
40-Pin Plastic Dip (PL Package) 60-Pin Flat Package
2,050 (51.816)
.
- q 0540 (137161 ‘
TOTYCTCIOTY ‘ e
160 025 A e 4
060 (1.542) TYP. . )
| |+="+.002 0.051) (4064 (0.635) t — f PR
4 012+ .001 = RN TYe
=7 v-= 0305 + 0.025) E N —— s 550, 005
0o | T TYP. TYP. C ::‘T TYP
07!;— mj(}o‘m) .I i T |‘_(1°é.f&) : : _———_j i
(1.778) 020 (0,508) MAX. PIN 60 =
TYP. TYP. |<_ 1‘_62—»! OT‘
.0145
(Package #20) i TYP
40-Pin CerDIP PIN 1
14 40 PIN 1 INDICATION
= E DIMPLE OR BUTTON
|
s
E
: 2100 -~ “SQ"” Package - Unformed Leads
MAX. [
2.100 g (Package #22)
— g
q
q
o0ss| 0
0.020 = g 054+ .004
0015 0.040 E | ,\ [-15° MAX
b 204 2 047 + 004 X
. +.002
0.090 Mlm..l’iL 0.200 MAX. "&E% 3 f \ /—\\ ¥ l
0.015 MIN. l—- BEND je— 610 |
0 .00T75 _'1 02012 F L.050+ 006 010 MIN
/] “BQ” Package - Formed Leads
18° MAxJ L ooz (Package #21)
! 0.008
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The Analog Signal Processing Company ™

TSC7129

4 1/2 DIGIT A/D CONVERTER
WITH ON-CHIP LCD DRIVERS

FEATURES
B Low Power Consumption: 500 uA at 9 V
m 119,999 Count Resolution
m 10 uV Resolution on 200 mV Scale
m True Differential Input and Reference
® Direct LCD Display Driver for
— 4 1/2 Digits
— Decimal Points
— Low Battery Indicator
— Continuity Indicator
m Overrange and Underrange Outputs
m 10:1 Range Select Input
® High Common Mode Rejection Ratio: 110 dB
m External Phase Compensation Not Required

Typical Operating Circuit

LOW BATTERY CONTINUITY

—159853

y JW
AR R G

5pF

P ez ( i s
TR
I J 330k
1 > L T 10pF
Tour 1;1{)’:& L:: :?z 01uF
|5:)f<.z Hio e r‘s’ci-l> v
]
EE 9V S 100ks:
N !

Vin

* NOTE: RC Network Between Pins 26 and 28 is Not Required. See Page 5.

7-269



TSC7129

4 1/2 DIGIT A/D CONVERTER
WITH ON-CHIP LCD DRIVERS

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 TSC7129 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.

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
Power consumption is low: only 500 yA from a 9 volt - -
battery. The traditional dual-slope method of A/D TSC7129CPL  Normal  40-pin Plastic DIP 010 70°C
conversion has been enhanced wnt!n a successive TSC7120RCPL  Reversed  40-pin Plastic DIP 0 to 70°C
integration technique to produce readings accurate to
better than 0.005% of full-scale, and resolution down to TSC7129CJL - Normal 40-pin CerDIP 010 70°C
10 uV per count. A
. . TSC7129CKW Formed 44-pin Plastic Flat 0 to 70°C
The TSC7129 includes features important to ormed . pin Mastic Tia °
multimeter applications. It detects and indicates low- TSC7129CLW - 44-pin PLCC 0to 70°C
battery condition. A continuity outputdrives an annun- - - N
ciator on the display, and can be used with an external TSC7120CBQ  Formed  60-pin PlasticFlat 010 70°C
driver to sound an audible alarm. Qver- and .under- TSC7129CY R DICE 0 to 70°C
range outputs and a range-change input provide the
Pin Configurations
osc1(3 ] @ ~ 30 Josc2
osca[Z 39 ]0Py
ANNUNICATOR DRIVE [ 3 38 ]0P;
81.C1.CONT[ 4 37 |RANGE
Ay.G1.0, [5 36 JoanD +1
F.E1.0P, [ 35 JreF Lo B.c Fl‘_;:'a’::; L
B,Co L0 BATT[ 7 -e (34 ] ReF Hi 272 6.p. %
£2.620, B T5C7129 33 IN HI F‘TE 2")'1 L2
F2E20P; 3 Z]INLO . cz'):uu:‘-::
B3.C3.MINUS [ 70 31 |BUFF ¥ 2] TSC7129CLW
BomY 43303 1] 0] Cnee- rq 5300 [
LINES  FyE 0P [77] 75] Crer* Jatats 1y
B4,C4,8C5 [73 | %commou a” c" 34
A4.G4.04 (72 ] [27 JconTinuiTy :‘ g:;: %
F4.Eq.0P4 5 | 726 JINT ouT VS
8°3[ 76 [25 Nt N FafaDPal]
8r2[17 2] vt
sp1[38 3]V
Voise[8 22 | TATCHAHOL D
L DP4/OR[20 27 ] oP3/UR
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Absolute Maximum Ratings

Supply Voltage (V' tOV) ..oovveiiiiiiieaiannn, .. 15V Analog Input Pins 25,2930 ............c.c.vvunen. Vito V™

Reference Voltage (REF Hi or REF LO) ............ V*to V™ Power Dissipation Plastic Package (Note2) ....... 800 mW

Input Voltage (Note 1) INHlorINLO) ............. Vito V™ Operating Temperature Range .............. 0°C to +70°C

VDISP v cevvermeenerneraneaeeneeanenns V*to DGND - 0.3V Storage Temperature Range ............ -65°C to +160°C

Digital Input Pins Lead Soldering Temperature (10seC.) .............. 300°C
1,2,19,20,21,22,27,37,39,40 .......... DGND to V*

Notes: Stresses above those listed under Absolute Maximum Ratings may cause per-

1. Input voltages may exceed the supply voltages provided that input current is
limited to 400 uA. 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.

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 notimplied. Exposure to Abso-
lute Maximum Rating Conditions for extended periods may effect device
reliability.

Electrical Characteristics: v*to V"= 9V, Vger = 1.00 V. To = +25°C, fg « = 120kHz, unless otherwise noted.

TEST TSC7129
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Viy =0V
1 Zero Input Reading 200 mV Scale -0000 0000 +0000 Counts
2 Zero Reading Drift Vin =0V — 105 - aV/°C
0°C < T, <+70°C ‘
) ) ) Vi = Vger = 1000 mV
3 Ratiometric Reading RANGE = 2 V 9997 9999 10000 Counts
Vjy = 0.10000 V on Low
4 Range Change Accuracy Range + V) = 1.0000 V 0.9999 1.0000 1.0001 Ratio
on High Range
! 5 RE Rollover Error “Vin =+ =199 mV — 1.0 20 Counts
2 6 NL Linearity Error 200 mV Scale — 1.0 — Counts
U Input Common-Mode Vem=10V, V=0V _ _
T 7 CMRR Rejection Ratio 200 mV Scale " 1o d8
Input Common-Mode Vin=0V (V) +15 _
8 CMvR Voltage Range 200 mV Scale v -10 v
Noise (p-p Value not Vin=0V _ _
9 B Exceeding 95% of Time) 200 mV Scale “ w
10 Iy Input Leakage Current Vin=0V, Pin 32, 33 — 1 10 pA
Vi =199 mV
1 Scale Factor Tempco 0°C < T, <+70°C — 2 7 ppm/°C
External Vgee =0 ppm/°C
12 Veom COMMON Voltage V* to Pin 28 28 3.2 35 \Y
13 COMMON Sink Current ACommon = +0.1 V _ 0.6 — mA
COMMON Source Current ACommon = -0.1V — 10 — uA
P V* to Pin 36
o 14 DGND Voltage VoV =9V 4.5 53 58 \
v 15 DGND  Sink Current ADGND = +05 V — 12 _ mA
R 16 Supply Voltage Range Vito vV~ 6 9 12 v
Supply Current Excluding + _ _ .
17 g COMMON Current VitoV =9V 0.5 1.0 mA
18 Fek Clock Frequency — 120 360 kHz
19 Vpisp Resistance Vpigp to V* — 50 — kQ
Low Battery Flag + -
20 Activation Voltage VitV 63 72 7 v
D 21 CONTINUITY Comparator Vour Pin 27 = HI 100 200 —_ mv
1 Threshold Voltages Vour Pin27=L0 — 200 400
G 22 Pull-Down Current Pins 37, 38, 39 — 2 10 HA
.Ir 23 “Weak Output” Current Pin 20, 21 Sink/Source — 3/3 — A
A Sink/Source Pin 27 Sink/Source - 3/9 — s
L Pin 22 Source Current - 40 —
24 Pin 22 Sink Current — 3 — HA
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Pin Descriptions

4 1/2 DIGIT A/D CONVERTER
WITH ON-CHIP LCD DRIVERS

PIN NAME FUNCTION
1  OSC1 Input to first clock inverter.
2 0S8C3 Output of second clock inverter.
3 SgwéNC'ATOR Backplane squarewave output for driving annunciators.
4 B4, Cq, CONT Output to display segments.
5 Ay, Gy, Dy Output to display segments.
7 By Cp LOBATT  Output to display segments.
8 Ay Gy Dy Output to display segments.
9 Fy Ep DPy Output to display segments.
10 Bj, C3, MINUS Output to display segments.
11 A3 Gg, D3 Output to-display segments.
12 F3, E3 DP;3 Output to display segments.
13 By, C4, BCs Output to display segments.
14 A4, D4 Gy Output to display segments.
16 F4,E4 DPy Output to display segments.
16 BP3 Backplane #3 output to display.
17 BP2 Backplane #2 output to display.
18 BP1 Backplane #1 output to display.
19 Vpigp Negative rail for display drivers.
20 DP,/OR INPUT: When HlI, turns on most significant decimal point.
OUTPUT: Pulled HI when resuit count exceeds +19,999.
21 DP3/UR INPUT: Second most significant decimal point on when HI.
OUTPUT: Pulled HI when result count is less than £1,000.
INPUT: When floating, A/D converter operates in the free-run mode. When pulled Hl, the last
displayed reading is held. When pulled LO, the result counter contents are shown incrementing
22 LATCH/HOLD during the de-integrate phase of cycle.
QUTPUT: Negative going edge occurs when the data latches are updated. Can be used for
converter status signal.
23 VvV Negative power supply terminal.
24 V' Positive power supply terminal, and positive rail for display drivers.
25 INTIN Input to integrator amplifier.
26 INTOUT Output of integrator amplifier.
INPUT: When LO, continuity flag on the display is off. When HI, continuity flag is on.
27 CONTINUITY OUTPUT: HI when voltage between inputs is less than +200 mV. LO when voltage betwen inputs
is more than +200 mV.
28 COMMON %?t:xﬁgmrgligfgggg e\{oltage of 3.2 V below V™ for DE, 10X, etc. Can be used as pre-regulator
29 CRrgrt Positive side of external reference capacitor.
30 CRggr- Negative side of external reference capacitor.
31 BUFFER Output of buffer amplifier.
32 INLO Negative input voltage terminal.
33 INHI Positive input voltage terminal.
34 REFHI Positive reference voltage input terminal.
35 REFLO Negative reference voltage input terminal.
36 DGND Ground reference for digital section.
37 RANGE 3 pA pull-down for 200 mV scale. Pulled HIGH externally for 2 V scale.
38 DPy Internal 3 pA pull-down. When HI, decimal point 2 will be on.
39 DPy Internal 3 pA pull-down. When Hl, decimal point 1 will be on.
40 0SC2 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. Coz, 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 onthe 2V range. Onc 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

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 (R

The integrating resistor sets the charging current for the inte-
grating capacitor. Choose a value that provides a current
between 5 and 20 uA at 2 volts, the maximum full-scale input.
The typical value chosen gives a charging current of 13.3 pA:

2V

Y 133uA
150 kQ K

IcharGe =
Too high a value for Ryt increases the sensitivity to noise
pickup and increases errors due to leakage current. Toolow a
value degrades the linearity of the integration, leading to inac-
curate readings.

LOW BATTERY CONTINUITY

—139

53] .

120“19 1B“|7I 16](15(|14]]13 12_] 111&0][9

LR
) : g
& & L DISPLAY DRIVE OUTPUTS zQ
o % g
® o
120 ——
E ] *TSCHZQ ( kmr;_ osc
o 2 Z 5 8 a Ed
= = »n o
3z 922 22838932 o
8. . 3e§3fkiiiiigzo48
L) S 2 0T 3 0T T O 8 mNg 0N
TRl
o

R EECEEEE

330k
4
c 10 pF == C;
S ey e Lo, T
+ <
IOJ CLE A jw 2 o 0.1uF ),
AAA H 0.1 4F - v
150 k2 FINT Tscos
v ¢
1+ 10k "BIAS PRLT
— >
= 9V 2100k0
-0 +
Vin

Figure 3: Standard Circuit
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Integrating Capacitor (Cy)
The charge stored on the integrating capacitor during the
integrate phase is directly proportional to the input voltage.
The primary selection criterion for Ciyt is to choose a value
that gives the highest voltage swing while remaining within the
high-linearity portion of the integrator output range. An inte-
grator swing of 2 V is the recommended value. The capacitor
value can be calculated from the equation:
Cinr = TinT * Iint
Vswinag

where T\t is the integration time. Using the values derived
above (assuming 60 Hz operation), the equation becomes
16.7 ms * 13.3 A
2V
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:

Cinr = =01 uF

PIN to PIN
2033  (Cpgr+ to IN HI)
3032 (Cger-to INLO)

A reading between 10000 and 9998 is acceptable; anything
lower indicates unacceptable high dielectric absorption.

Reference Capacitor (Crgr)

The reference 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
capacitorterminals. A value of at least 1.0 uF is recommended.

Voltage Reference (Dper, Ruer. Reias: Crr)

A TSC04 band gap reference provides a high stability voltage
reference of 1.25 Volts. The reference potentiometer Rggr pro-
vides an adjustment for adjusting the reference voltage; any
value above 20 kQ is adequate. The bias resistor Rgjag limits
the current through Dgge to less than 150 uA. The reference
filter capacitor Cgr forms an RC filter with Rg g to help elimi-
nate noise.

Input Filter R, Cp)

For added stability, an RC input noise filter is usually included
in the circuit. The input filter resistor value should not exceed
100 kQ. 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.”

Special Applications

The TSC7129 as a Replacement Part

The TSC7129 is a direct pin-for-pin replacement part for the
Intersil ICL7129. Note, however, that the Intersil part requires a
capacitor and resistor between Pins 26 and 28 for phase com-
pensation. Since the TSC7129 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 TSC7129isa 9
volt battery, there are other possibilities. Some of the more
common ones are explained below. -

I

24 -

l e T AN
REF HI Tsco4

== 0.1 uF

——“—ﬁ DGND comf2
._L_ N N —g—r'vv\o——o +
= | T5C7129 Vin

== 0.0 uF - WLo 32 -
IZS
e)
-5V
Figure 4: Powering the TSC7129 from a +5 Volt Power
Supply
!
2
3
+_&8 Vto6V
= 24 1 »n
T VTReF HI m»ii oo
— 21 pano 1
REF LO F——iz"’ 4
coM -§—<

TSC7129

IN HI 1T—wW—o+

yo Nt 2D e w—

- i o uF
"

TSC7660

o

3
l 10 uF
1L

Hr

Figure 5: Powering the TSC7129 from a Low-Voltage
Battery
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15 Volt Power Supply

Measurements are made with respect to power supply ground.
DGND (Pin 36) is set internally to about 5V 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.

5V
o
<
%:
== 01 uF
B 24
v PR -
< TSC04
0.1 uF 3
24 oeno
28
8 ’P
- 4
v 2 Tsc7ize |33 N
+|10uF Vin
w7 2 g
Tsc7660 |4 v
23
5 -
GND
3
10 uF
11
)
4

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.

vt

1

EXTERNAL
LOGIC

ILoaic

Figure 7: External Logic Referenced Directly to DGND

vt

24

EXTERNAL
Logic

v-

Figure 8: External Logic Referenced to DGND with
Buffer

Temperature Compensation

For most applications, Vpgp (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 10 mV/°C between V*
(Pin 24) and Vpgp. The diode between DGND and Vpgp should
have a low turn-on voltage because Vpgp cannot exceed .3V
below DGND.
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Figure 9: Temperature Compensating Circuits

RC Oscillator

For applications in which 3 1/2 digit (100 uV) resolution is
sufficient,an RC oscillator is adequate. Arecommended value
for the capacitor is 51 pF. Other values canbe used as long as
they are sufficiently larger than the circuit parasitic capacit-
ance. The resistor value is calculated from

0.45
freq*C

For 120 kHz frequency and C = 51 pF, the calculated value of R
is 75 kQ. The RC oscillator and the crystal oscillator circuits
are shown in Figure 10.

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
isthus 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.

|<t———— INTEGRATE ————3» DEINTEGRATE —3»,

ZERO CROSSING

TIME —>

Figure 10: Oscillator Circuits

Figure 11: Dual Slope Conversion

7-276




PRODUCT INFORMATION

TSC7129

I
|
I
|
|
|
|
|
|
|
|
|
1

|
<€——— INTEGRATE ——Jo=!<@— DEINTEGRATE —3»

OVERSHOOT DUE TO ZERO
r CROSSING BETWEEN CLOCK PULSES

TIME ———

‘ F INTE?RATDR RESIDUE VOLTAGE

\ L OVERSHOOT CAUSED BY

COMPARATOR DELAY OF
1 CLOCK PULSE

CLOCK PULSES

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 Description

INT1 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

DE1 reading accurate to 3 1/2 digits.
Residue represents an overshoot of the actual
input voltage.

REST Rest; circuit settles.
X10 Residue voltage is amplified 10 times and
inverted.

Integrator voltage is ramped to zero. Counter

counts down until zero crossing to correct
DE2 reading to 4 1/2 digits.

Residue represents an undershoot of the

actual input voltage.

REST Rest; circuit settles.
X10 Residue voltage is amplified 10 times and
inverted.
Integrator voltage is ramped to zero. Counter
DE3 counts up until zero crossing to correct

reading to 5 1/2 digits.
Residue is discarded.

ZERO DE4
INTEGRATE INTy DE-  RE!
AND CATCH | INTEGRATE |INTEGRATE |

| I [ ) N |
|

1
I
|
!
|
)

NOTE:
SHADED AREA GREATLY EXPANDED
IN TIME AND AMPLITUDE

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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Figure 15: Integrator Block Diagram

7-278




PRODUCT INFORMATION

TSC7129

Table X. Switch Legends

Label Meaning

DE Open during all deintegrate phases.

DE- Closed during all deintegrate phases when
input voltage is negative.

DE+ Closed during all deintegrate phases when
input voltage is positive.

INT1 Closed during the first integrate phase
(measurement of the input voltage).

INT2 Closed during the second integrate phase
(measurement of the amplifier offset).

INT Open during both integrate phases.

REST Closed during the rest phase.

Y4l Closed during the zero-integrate phase.

X10 Closed during the X10 phase.

X10 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 V of the rails, although for best linearity
the swing is usually limited to within 1 V. Both amplifiers can
supply up to 80 uA of output current but should be limited to 20
uA for good linearity.

=== == =0 —————m— DS —
1
|
|
1
|
|
i
|
N H1 G- ® BUFFER
|
1
| n\
| TSC7129
1
1
1
' ®
1
1
COMMON o]
1
1
i
N LD¢ —Q
|
] 200 mv 500 ks
'
|
! TO DISPLAY
CONTINUITY O DRIVER
1 (NOT LATCHED)
I

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
theinputsisless 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.

TsC7129

~500 ka2
DP4/OR PIN 20
DP3/UR PIN 21
TATCA/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 uA; DGND has essentially
no source capability.

24

32v
12 4A C

l IMON
28 O COMMO

O Vv*

Low
( BATTERY

n
sv
k=
N LOGIC

SECTION

YS?;ZS
J) ®

Figure 18: Digital Ground (DGND) and COMMON
Outputs

Bov-

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 holds a value greater than +19,999,
the DP4/OR output (Pin 20) is driven high. When the results
counter value is less than 11000, 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 3and 4. Figure 17 shows a schematic
of the input/output nature of these pins.

Latch/Hold

The LATCH/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 alsobe 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 TSC7129 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.

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.

opy ——~—" 1 ]
;. =] Il

ﬁr—ﬂr_lhu—nl_.lh
gz [ = = | | = =

BP3 L_I—&-—l I_’—M
Figure 20: Backplane Waveforms

b SEGMENT

Figqre 21: Typical Display Output Waveforms
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Figure 19: Display Segment Assignments
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FEATURES

m Low Rollover Error ....... +1 Count Maximum
B Guaranteed +1 Count Maximum Error

® Guaranteed Zero Reading for 0 V Input

m True Polarity Indication at Zero for Null Detection
m Multiplexed BCD Data Output

m TTL Compatible Outputs

u Differential Input

m Control Signals Permit Interface to UARTS and

u-Processors

H Auto-ranging Supported with Over and Underrange
Signals
m Blinking Display Visually Indicates Overrange
Condition
mLlowinputCurrent ...................... 1pA
® Low Zero Reading Drift ............... 2 uv/°C
m Interface to TSC7211A, TSC7212A, and TSC700A
Display Drivers
B Available in Compact Flat Package and PLCC
Typical 4 1/2 Digit DVM with LCD Display
e8ka2 ey 4 1/2 DIGIT LCD DISPLAY
5V t-—
| -sv o v- urj® l——-ﬂ h 8 8 B 8 SEGMENT
qr e O-T ‘) : —— R “ 11815141253 4 ?
B I G B coises ¢
= = 4 —
ANALOG g7 ]"NTOUT RUN/MHOLD 125 i ‘i =ALEL -
e 2 az oic. anof2 BACKPLANE
pAsa el PoL 120kHz = 3 READING/SEC v
, F"L——7 REF CAP— CLOCK 2 74 CD4030 CLOCK IN ,
u
T 8] Rercap+ susy |21 i > 5 v
9 input iy =V ] It e S CDa081} 31 ol ’”\’
100k 10 10 L : | o1
o— WA i +INPUT D2 T : 32 TSC7211A | ] 2,3,;5
INPUT o.mFI wsvollve ‘,\‘ o3l [ | = - gﬁ? g;.w
210 TSC7135 o, |17 F:D ' 34 OPTIONAL
13 . ___D—ﬁ D4 CAPACITOR
81 88 — - 83 osc e b _ sy
18 B2 B4 L 2 B2 !
l_ 28 B1 GND 3
2
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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 4V and zero drift to
0.5 uV/°C. Source impedance error sources are mini-
mized by a 10 pA maximum input current. Rollover
error is limited 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 applications.

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 u-processor based measurement systems.

Ordering Information

Pin Configuration

Temperature

Part No. Package Range

TSC7135CJI 28-Pin CerDIP 0°C to +70°C

TSC7135CPI 28-Pin Plastic 0°C to +70°C
60-Pin Plastic

TSC7135CBQ Flat Package w/ 0°C to +70°C
Formed Leads

TSC7135CLI 28-Pin PLCC 0°C to +70°C

v- [0} had 28] UNDERANGE
REF IN[Z ] 27] OVERANGE
ANALOG COMMON [} 6] STROBE
NTout [ 7] RUN/AGLD
Az IN[F] [E] DIGITAL GROUND
8UFFOUT & | Ll 23] POLARITY
Rer cap 7] Teenss E] CLOCK IN
REF cap+[T] 7] susy
—npuT o] [E] (LsD)D1
+inpUT 1G] 18] D2
v i1} E D3
wsoios [Z] 77] s
(Lse)g1[13 6] mseiss
823 5] 84

SEE PAGE 5 FOR COMPACT FLAT PACKAGE

INOTES:
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.
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Absolute Maximum Ratings (Note 1)

Positive Supply Voltage Operating Temperature Range ............ 0°C to +70°C
Negative Supply voltage : . Storage Temperature Range .......... -65°C to +160°C
Analog Input Voltage (Pin 9 or 10) ..... VitoV (l\iote 2) Soldering Lead Temperature (10 Seconds) ....... 300°C
Reference Input Voltage (Pin 2) VitoV CerDIP(J) Package Power Dissipation .............. 1w
Clock Input Voltage ................ OVtoV Plastic(P) Package Power Dissipation ............. 08w
Electrical Specifications: Ta= 25°C, fcLock = 120 kHz, V¥ =50 v, v = -5 V
TEST TSC7135
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Display Reading with ~ + Display
A 1 Zero Volt Input Note 3,4 0.0000 +0.0000 +0.0000 Reading
N
Zero Reading ViN=0V °
: 2 TGz Temperature Coefficient  Note 5 05 2 wre
o Full Scale VIN=2V . o
G 8 TCrs Temperature Coefficient Notes 5,6 - 5 ppm/°C
4 NL Nonlinearity Error Note 7 — 0.5 1 count
S - :
Differential
z 5 DNL Linearity Error Note 7 — 0.01 — LSB
T Display Reading In VIN = VREF Display
I 6 Ratiometric Operation Note 3 +0.9998 +0.9999  +1.0000 Reading
(o]
+ Full Scale Symmetry -VIN = +VIN
+ —
N 7 IFSE Error (Rollover Error) Note 8 05 1 count
8 IN Input Leakage Current Note 4 — 1 10 pA
Peak-to-Peak
9 VN Noise Value not exceed — 15 —  uVp-p
95% of time
10  INL Input Low Current VIN=0V — 10 100 uA
DS 11 INH Input High Current VIN=+5V — 0.08 10 KA
1E 12 VoL Output Low Voltage loL=1.6 mA —_ 0.20 0.40 v
GC -
Output High Voltage
1 = R 4.4 .0 v
_:_-:- 3 Vow (B1, B2, B4, Bg, D1 - Ds) lo=1mA 24 5
AO Output High Voltage
LN 14 VoH (Busy, Polarity, Overrange, loH = 10 uA 4.9 4.99 5.0 \"
Underrange, Strobe)
15 fclk Clock Frequency Note 11 100 1200 kHz
s 16 v* Positive Supply Voltage 5 6 v
gU 17 VvV Negative Supply Voltage -3 -5 -8 v
w: 18 I Positive Supply Current  foik = 0 Hz — 10 3.0 mA
: L 19 I° Negative Supply Current  fcLk = 0 Hz — 0.7 3.0 mA
Y 20 Pd Power Dissipation fcLk = 0 Hz — 8.5 30 mW
Notes: o o 7. -2V < ViN < +2 V. Error of reading from best fit straight line.
. Functional operation is not implied. 8. [Vin| = 1.9959.
. Limitinput current to under 100 uA if input voltages exceed supply voltage. 9. Test Circuit shown in Figure 1.
. Full Scale Voltage = 2.000 V. 10. Static Sensitive Device. Unused devices must be stored in conductive

ViN = 0.0000 V.
. 0°C=Ta<+70°C.
. External Reference Temperature Coefficient less than 0.01 ppm/°C.

[ 3 I N AR R

1

material to protect devices form static discharge and static fields.

. Specification related to clock frequency range over which the TSC7135
correctly performs its various functions. Increased errors result at higher -
operating frequencies.

jry
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Test Circuits

SET Vg = 1.000 V
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RESISTOR CAPACITOR

g SWey

HINPUT O0{_ g

-5V
VRer IN
G———-L 3 \Jﬁ 28 COMPARATOR
- 122 TO DIGITAL
N < —V UNDERRANGE REFERENCE o SECTION
100ks2 < Zrer overranGe |2~ INPUT
o— 31 anaLOG GND sTROBE |22
ANALOG A 2 ANALOG INTEGRATOR *
GND oo INTouT RUN/HOLD — COMMON ©
0.47 uF 5 2
Az DIGITAL GND |———
1.0 uF .
&1 ur out . roranity |£ e @ swicncroseo
22, CLOCK O switcw oren
REF CAP 1 CLOCK IN INPUT )
21 120kHz
REF CAP 2 BuUSY [ = Figure 3B: TSC7135 System Zero Phase
—INPUT “n~ LSD D1 ’—22
TSC7135 19
+INPUT bz = - ANALOG INPUT
18 U oswg swet BUFFER  NTEGRATING INTEGRATING
vt D3 |— HINPUT o_. W R h RESISTOR  CAPACITOR
17
MSD D5 D4 p—
13 16 < ERROR
—jLsest MsB B8 [— APACITOR| ¢ompaRATOR
14 15 TO DIGITAL
— B2 B4 REFERENCE SECTION
INPUT
e ANALOG INTEGRATOR
Figure 1: TSC7135 Test Circuit Common
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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:

® |nput 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 R
INPUT O——0
SIGNAL

i COMPARATOR
L SWITCH DRIVER
CONTROL cLock
LoGIC
PHASE CONTROL

POLARITY CONTROL

REF
VOLTAGE

v

DISPLAY ) COUNTER

& Vin = VFULLSCALE

|
1
! Vin = 1/2VEyLLscALE
|

FIXED |

SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

INTEGRATOR OUTPUT

Figure 3: Basic Dual Slope Converter

Table 1: Internal Analog Gate Status

A simple mathematical equation relates the input signal,
reference voltage and integration time:

Tsi
VR TRI

1
— VIN(t) dt =
RC f N RC

0

where:
VR = Reference Voltage
Tsi = Signal Integration Time (Fixed)
Tri = Reference Voltage Integration Time (Variable)

For a constant VIN:

TRI
VIN= VR | —
Tsi

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
® |ntegrator Output Zero

Internal analog gate status is shown in Table 1 for each phase.

Conversion Internal Analog Gate Status Reference
Cycle Phase Schematic
SW SWh SWaI SWz SWa SW4 SWiz

System
Zero Closed Closed Closed 3A
Input Signal
Integration Closed 3B
Reference
Voltage Closed* Closed 3C
Integration
Integrator
Output Closed Closed 3D
Zero

Note: *Assumes a positive polarity input signal. Sw;u would be closed for a negative input signal.
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System Zero Phase (Figure 38)

During this phase errors due to buffer, integrator and com-
parator offset voltages are compensated for by charging Caz
(auto-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 SWi 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 capacitor is connected
with the proper polarity to ramp the integrator output back to
'zero. The digital reading displayed is:

Reading = 10,000 [ lefere\;mal Input ]
: REF

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 normaily
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.

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+ ~—q v+
[ r 6.8k

v+ V+
6.8 VOLT
ZENER <"
REF IN '1"3;/0‘
REFIN £\ REFERENCE
“»
TSC7135 TSC7135
1
ANALOG B
COMMON ¢
ANALOG
P COMMON
s
p:

ANALOG GROUND

v

Figure 4: Using an External Reference

The TSC7135 digital section is shown in Flgure 5. Timing
relationships are shown in Figure 6.
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? POLARITY TD5 TDA TDS TDZ ]Dl

FROM MSB~— DIGIT DRIVE  SIGNAL—LsB | 1381
ANALOG DATA 14 B2
SECTION 15 84_‘0
MULTIPLEXER output) H2B4 o
1688
POLARITY
FF LATCH LATCH J=fLATCH

ZERO
CROSS
DET

[« T

DIGITAL CLOCK
GND IN

COUNTERS ]
1

CONTROL LOGIC

lzs 127 izs ﬁ (Lz1

UN/ OVER UNDER  STROBE BUSY
oL

RUN/

HOLD RANGE RANGE

Figure 5: TSC7135 Digital Section Function Diagram

TSC7135
Run/Hold Input (Pin 25)

When left open this pin assumes a logic 1 level. With R/H=1
the TSC7135 performs conversions continuously with a new
measurement cycle beginning every 40,002 clock pulses.

When R/H 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/H will initiate a new measure-
ment cycle. The measurement cycle in progress when R/H
initially assumed the logic “0” 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.

INTEGRATOR
OUTPUT
SYSTEM | SIGNAL REFERENCE
ZERO INT. INTEGRATE
10,001/ 10,000/ 20,001/
COUNTS | COUNTS [ COUNTS (MAX.)
FIXED)

<—— FULL MEASUREMENT CYCLE __g,|
40,002 COUNTS

BUSY

OVERRANGE %
WHEN APPLICABLE
UNDERRANGE
WHEN APPLICABLE ﬂ I l
| ExpAnDEDSCALE |
BELOW
piGITscan ] il 1 DS
J _n 1,
T Tl M
n 1 I 02
—n_n.___
| 1001 *FIRST D5 OF SYSTEM ZERO
COUNTS AND REFERENCE INTEGRATE
I ONE COUNT LONGER
STROBE =7~
AUTO ZERO REFERENCE
DIGIT SCAN . SIGNAL INTEGRATE -3}~ INTEGRATE
FOR OVERRANGE [ 125 > | I
—TC .
Jos Y 1 mn
—[os » i m_
TC
102 5 B
TC
— e po— I

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.

Strobe Output (Pin 26)

During the measurement cycle the STROBE control line is
pulsed low five times. The five low pulses occur in the center
of the digit drive signals (D1, D2, D3, Ds). (Figure 7)

Ds (MSD) goes high for 201 counts when the measurement
cycles end. In the center of the Ds pulse, 101 clock pulses
after the end of the measurement cycle, the first STROBE
occurs for one-half clock pulse. After the Ds digit strobe, D4
goes high for 200 clock pulses. The STROBE goes low 100
clock pulses after D4 goes high. This continues through the
D1 digit drive pulse.

The digit drive signals will continue to permit display scan-
ning. STROBE pulses are not repeated until a new measure-
mentis 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

OUTPUTS'
BUSY " END OF CONVERSION

G

D5 (MSD) D4 D3 D2 D1 (LSD)
DATA DATA DATA DATA DATA

bwd T

COUNTS

ot

201 —»|
COUNTS

B1-B8

D5
DATA I

STROBE

NDI% AESENCE
v OF STR

200
COUNTS

D4

200
COUNTS

D: 200
COUNTS

200
b2 COUNTS

D1 ‘| 2 L

00

COUNTS

* Delay between BUSY going low and first STROBE
pulse is dependent on analag input.

Figure 7: Strobe Signal Pulses Low 5 Times
Per Conversion.
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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 “0” 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 notgo high at the 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 (<1800 counts)
the underrange 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 valid 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 Bs, Bs, 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 “0” state.

Applications Information
Component Value Selection

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 uA of quies-
cent current. A 20 xA drive current gives negligible linearity
errors. Values of 5 to 40 uA give good results. The exact value
of integrating resistor for a 20 A current is easily calculated.

full-scale voltage

RINT = 20 4A

Integrating Capacitor

The pr’oduct 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 uF to
0.47 uF is recommended. In general, the value of CiNT is given
by:

Y 110,000 x clock period] x T
Integrator output voltage swing

(10,000) (clock period) (20uA)

Integrator output voltage swing

CiNT =

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 Manutacturer
TSC9491 Teledyne Semiconductor
MC1400U2 Motorola

Conversion Timing
Line Frequency Rejection

A signal integration period at a multiple of the 60 Hz line fre-
quency will maximize 60 Hz “line noise” rejection.

A 100 kHz clock frequency will reject both 50 Hz, 60 Hz and
400 Hz noise. This corresponds to 2.5 readings per second.
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TSC7135

Oscillator Frequency
300 kHz, 200 kHz,

Frequency Rejected

150 kHz, 120 kHz, 100 kHz, 60 Hz
40 kHz, 33 1/3 kHz
250 kHz, 166 2/3 kHz, 50 Hz

125 kHz, 100 kHz
100 kHz 50 Hz, 60 Hz, 400 Hz

Conversion Rate vs Clock Frequency

Oscillator
Frequency Conversion
(kHz) Rate (Conv/Sec)
100 25
120 3
200 5
300 7.5
400 10
800 20
1,200 30

Power Supplies and Grounds
Power Supplies

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:

Display
Manufacturer Address Type
Hewlett Packard 640 Page Mill Rd LED
Components Palo Alto, CA 94304
. . 19000 Homestead Rd.
Litronix, Inc. Cupertino, CA 94010 LED
And 770 Airport Blvd. LCD and

Burlingame, CA 94010 LED

3415 Kanhi Kawa St.
Torrence, CA 90505

Epson America, Inc. LCD

High Speed Operation

The maximum conversion rate of most dual-slope A/D con-
verters is limited by the frequency response of the compara-
tor. The comparator in this circuit follows the integrator ramp
with a 3 us delay, and at a clock frequency of 160 kHz (6 us
period) half of the first reference integrate clock period is lost
in delay. This means that the meter reading will change from
0 to 1 with a 50 uV input, 1 to 2 with 150 uV, 2 to 3 at 250 uV,
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 resistorin 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 countin 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

Ry R
AAA -
WV l
T i
1

AAA
W

Gates are 74C04

190~ 1 ,RP=R1R2
2 C[0.41 Rp + 0.70R1] R1 + R2

a. If R1 = R2 = Ry, f = 0.55/RC
b. If R2 >> R4, f = 0.45/R1C
c. If R2 << Ry, f =0.72/R1C
a

. f=120 kHz, C = 420 pF
Ri=R2=109k Q

b. f =120 kHz, C = 420 pF, R2 =50 k
R1=8.93k .

c. f=120kHz, C=220pF, R2=5 k Q
R1=273kQ

Figure A: R/C Oscillator

45V
o
16k 31ka
56 kQ
AAA
W
—oVour
022uF 2R
7
1 >
q $ 30ka
< S
316ke
<
=X 390 pF

R2 q

100 k

R2 2
100k ¢C1
p:

Figure B: Comparator Clock Circuit
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4 1/2 Digit ADC with Multiplexed Common Anode LED Display
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4 1/2 DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTER

TSC7135

4 1/2 Digit ADC with Multiplexed Common Cathode LED Display
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TSC7135

Four Channel Data Acquisition System

ADDRESS BUS

CONTROL BUS

L LT 1T

DATA BUS +5V

1010 s

V+ REF CAP BUF
AZ +15V -15V
T GAIN: 10,20,50,100
PAO v 1B POL INT
e » . in o -
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Negative Supply Voltage Generator

BV

”»

TSC7135 ; V)

ul

10uF

"P TSC7660

e

10 uF

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 uF capacitors were used in order to minimize output
ripple at low V+ voltages. When higher input voltages (V+)

Package Outlines

are available the 10 uF capacitors can be lowered to 1 or 0.1
uF 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 uF capacitor connected to
ground.
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“"TELEDYNE
SEMICONDUCTOR
The Analog Signal Processing Company ™ TS C71 36

TSC7136A
LOW POWER 3 1/2 DIGIT A/D CONVERTER

FEATURES

m Over-Range Recovery, Guaranteed First Reading
Accuracy

m Low Temperature Drift Internal Reference

TSC7136 ................. 70 ppm/°C (Typical)
TSC7136A ............... 35 ppm/°C (Typical)
Guaranteed Zero Reading With Zero Input

Low Noise .......................... 15 uVp_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 uW Typical

900 W Maximum
Internal Clock Circuit
Available in Compact Flat Package or PLCC
Industrial Temperature Range Device Available

LCD DISPLAY
1
;o_m__rz Vin 2-19[seGmenT
ANALOG 01 .6 22-25|DRIVE
INPUT Ot H

30],- 20
- N POL,
oy £ MINUS SIGN | BACKPLANE
32] ANALOG
2

COMMON Rk
8

VBUFF "? 2402

k$2< +
180 ke %QH uF T aen F =ov
29 T
}—'CAz + |36 <
VREF 10 ke
0.15 uF 2 — s 3
[ 2] (VW VReF
2

0scp 0SC; 05y

1 CONVERSION/SEC
39 |38 Cosc 40

Rosc, \a
W

560 k2

~ <« TO ANALOG cOMMON
50 pF P32)

Figure 1: Typical Operating Circuit
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LOW POWER 3 1/2 DIGIT A/D CONVERTER

TSC7136
TSCT7136A

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/°C (typical) and
75 ppm/°C (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 uVp_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.
Alow 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

m Bridge Readouts (Strain Gauges, Load Cells, Null
Detectors)

m Digital Meters

— Voltage/Current/Ohms/Power

— pH

— Capacitance/Inductance

— Fluid Flow Rate/Viscosity/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 0°Cto 75 ppm/°C Max
TSC7136CPL Plastic Dip 70°C 150 ppm/°C Max
TSC7136ARCPL  40-Pin Reversed 0°Cto 75 ppm/°C Max
TSC7136RCPL Plastic Dip 70°C 150 ppm/°C Max
TSC7136AI1JL 40-Pin Normal -25°Cto 100 ppm/°C Max
TSCT71361JL CerDIP 85°C 150 ppm/°C Max
TSC7136ACKW  44-Pin Formed 0°Cto 75 ppm/°C Max
TSC7136CKW Plastic Flat  Leads 70°C 150 ppm/°C Max
TSC7136ACLW 44-Pin 0°Cto 75 ppm/°C Max
TSC7136CLW PLCC 70°C 150 ppm/°C Max
Devices with 160 Hour, +125°C Burn-In
40-Pin 0°C to o
TSC7136ACPL/BI Plastic DIP Normal 70°C 75 ppm/°C Max
40-Pin -25°C to o
TSC7136A1L/BI CerDIP Normal 85°C 100 ppm/°C Max
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Pin Configuration
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LOW POWER 3 1/2 DIGIT A/D CONVERTER

Absolute Maximum Ratings

Plastic Package (P) .........covviiininniinnnn, 800 mW
Supply Voltage (V1o V) ..ovviiiiiiiiieniiiaennnnn. 15V Epoxy Flat Package (K,L,)  ...........oooat 500 mwW
Analog Input Voltage (either input)™ .............. VitoV™ Operating Temperature
Reference Input Voltage (either input) ............. VitoV~ (“C"DEeVICES) ...vvviiiiiiiiiiiiiiiie 0°C to +70°C
Clock Input  ....ciiiiiiiiiii ittt Test to V* (“I"” Devices) ~-25°C to +85°C
Power Dissipation Storage Temperature .................. -65°C to +160°C
CerDIP Package (J) «......ovvvviernennnennns 1000 mW Lead Temperature (Soldering,60sec) .............. 300°C
Electrical Characteristics: vg =9V, f; .. = 16 kHz and T, = 25°C unless otherwise noted.
TEST TSC7136/TSC7136A
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
. ViN= 0.0V, Digital
1 - Zero Input Reading Full-Scale = 200.0 mV -000.0 +000.0 +000.0 Reading
. . ViN=0.0V, _ o
2 — Zero Reading Drift 0°C < Tp < 70°C 0.2 1 uv/°C
_ : . . ViN= VREF, 999 Digital
3 Ratiometric Reading Vrer = 100 mV 999 1000 1000 Reading
I Full-Scale = 200 mV or
N 4 NL Linearity Error 2.000 V. Max. Deviation -1 +0.2 +1 Counts
P from Best Straight Line.
T s Rollover E VN = +Viy -1 +0.2 +1  Count
— ollover Error ~200.0 mV . ounts
. VIN =0 V, _ -
6 En Noise Full-Scale = 200.0 mV 15 HVpp
7 L Input Leakage Current V=0V — 1 10 pA
Common-Mode Vem=£1V,Vy=0V _ _
8 CMRR  pgejection Ratio Full-Scale = 200.0 mV 50 MV
Scale Factor X!,’élt? gg r;‘(\)/ o
9 — Temperature Ext.R efA'I::e mp. — 1 5  ppm/°C
Coefficient Coeff. = 0 ppm/°C
250 kQ Between
Analog Common Common and V*
10 Vere Temperature 0°C <Tp<70°C TSC7136A — 35 75 ppm/°C
Coefficient “C” Commercial TSC7136 — 70 150 ppm/°C
AC Temp. Range Devices
Ao 250 kQ Between
LM Analog Common Common and V*
00 11 Vere Temperature -25°C=T,<85°C TSC7136A — 35 100 ppm/°C
G N Coefficient “I” Industrial TSC7136 — 70 150 ppm/°C
Temp. Range Devices
Analog Common 250 kQ) Between
12 V¢ Voltage Common and V* 27 3.05 3.35 \"
D LCD Segment PN
é F: 13 VSD Drive Voltage VitoV =9V 4 5 6 Vp_p
DV LCD Backplane + -
E 14 VBD DriveVoItage VitoV 9V 4 5 6 Vp_p
SUPPLY 15 g Power Supply Current \'\Il‘g‘: .(; V.VoVi =9V, — 70 100 LA

Notes:

FN

. Refer to “Differential input” discussion.

-

. Inputvoltage may exceed the supply voltages when the input currentis limited
to 100 pA.

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

3. Static sensitive device. Unused devices should be stored in conductive mate-
rial to protect devi from static discharge and static fields.

»
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o

. 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.
See Figure 1.

. A 48 kHz oscillator, increases current by 20 uA (typ.). Common current not

included.
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Pin Description

40-Pin DIP
Pin Number
Normal (Reverse) Name Description
1 (40) v* Positive supply voltage.
2 (39) D4 Activates the D section of the units display.
3 (38) Cq Activates the C section of the units display.
4 37) B4 Activates the B section of the units display.
5 (36) Ay Activates the A section of the units display.
6 (35) Fq Activates the F section of the units display.
7 (34) Gq Activates the G section of the units display.
8 (33) Eq Activates the E section of the units display.
9 (32) Dy,  Activates the D section of the units display.
10 (31) Cy Activates the C section of the tens display.
11 (30) By Activates the B section of the tens dispiay.
12 (29) Ag Activates the A section of the tens display.
13 (28) Fa Activates the F section of the tens display.
14 (27) Eo Activates the E section of the tens display.
15 (26) D3 Activates the D section of the hundreds display.
16 (25) B3 Activates the B section of the hundreds display.
17 (24) F3 Activates the F section of the hundreds display.
18 (23) E3 Activates the E section of the hundreds display.
19 (22) AB4  Activates both halves of the 1 in the thousands display.
20 (21) POL  Activates the negative polarity display.
21 (20) BP Backplane drive output.
22 19) G3 Activates the G section of the hundreds display.
23 (18) A3 Activates the A section of the hundreds display.
24 17 C3 Activates the C section of the hundreds display.
25 (16) G Activates the G section of the tens display.
26 (15) \'a Negative power supply voitage.
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) Vinr &utput to sa}urate. ‘{Vhen anglog common is used as a referenqe and
e conversion rate is 3 readings per second, a 0.047 uF 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 Vaurr :ngggxla(;i?n resistor connection. Use a 180 kQ for a 200 mV fuil-scale range and a
. or 2 V full scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF
29 12) Caz capacitor for a 200 mV full-scale, and a 0.10 uF capacitor for a 2 volt full-scale.

See paragraph on AUTO-ZERO CAPACITOR for more details.
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LOW POWER 3 1/2 DIGIT A/D CONVERTER

Pin Description

40-Pin DIP
Pin Number
Normal (Reverse) Name Description

30 (11) Vin The low input is connected to this pin.

31 (10) Vin The high input signal is connected to this pin.
This pin is primarily used to set the analog common-mode voltage for battery

32 @ 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.

33 8) Crer  See pin 34.

: A 0.1 uF capacitor is used in most applications. If a large common mode voltage

34 7) Crer  exists (for example the Vi pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.

35 6) VRer See pin 36.
The analog input required to generate a full-scale output (1,999 counts). Place

36 (5) Viee 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

37 4) 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:

38 3) 0OSC3 See pin 40.

39 @ OSC,  See pin 40.
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per

40 1) OSCy section) connect pin 40 to the junction of a 180 kQ resistor and a 50 pF capacitor.

The 180 kQ 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 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 (Tg)). 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-
enceintegration time is directly proportional to the input signal

(Tri)-

ANALOG
INPUT 0——0
SIGNAL

i COMPARATOR

CONTROL
LOGIC

RS |

V
-+ SWITCH DRIVER
PHASE CONTROL

POLARITY CONTROL

—‘ CLOCK

REF
VOLTAGE

v

vt

COUNTER |

DISPLAY

& Vin = VFULLSCALE

AN
T R

SIGNAL VARIABLE
INTEGRATE REFERENCE
T INTEGRATE TIME

Vin = 12 VEyLLscALE

INTEGRATOR QUTPUT

Figure 2: Basic Dual Slope Converter
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Figure 3: Normal-Mode Rejection of Dual
Slope Converter
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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:

Tsi
Vin(t)dt _  VRTg
RC

1

=

RC

where:

Vg = Reference Voltage
Tg) = Signal Integration Time (Fixed)
Tgr| = Reference Voltage Integration Time (Variable)

For a constant Vj\:
Tri
Tsi

ViN = VR

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

o 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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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 Cy; compensates for
device offset voltages. The auto-zero cycle residual is typically
10 -15 pVv.

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 Vjy and V. 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:

Tsi = 4 x 1000
fosc
where:
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, Vy 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. Viy is
internally connected to analog common and Vy is connected

I<— 1000 —>| r
INT
_‘__Jd——— 2001-2090 ————bl |
DE-INT
} 31—640‘>|—_.|<— 1
ral
| |
AZ

| N

1

2l

Az —
l I<—910-29m—>
! 4000 I

|

Conversion Timing During Normal Operation

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 0 and 2000
internal clock periods. The digital reading displayed is

1000 YN _
VRer

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 witha 5 V
nominal amplitude. When a segmentdriver 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 Vi and V| are reversed this indicator would reverse.

Onthe TSC7136A when the test pinis 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.

r!OOO'sTwD's—I—H]‘: ——]——I's 1

-1 888

DISPLAY FONT

01234561788

Figure 5: Display FONT and Segment Assignment.
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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)

1000 Counts

(4000 Clock Pulses)
This time period is fixed. The integration period is:

Tg = 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
changesare required to upgrade existing designs and improve
the noise performance.

® Signal Integrate:

Component Value Selection
Auto-Zero Capacitor - Caz

The Caz capacitor size has some influence on system noise. A
0.47 uF capacitor is recommended for 200 mV full-scale appli-
cations where 1 LSBis 100 uV. A 0.10 uF capacitor is adequate
for 2.0 V1{ull-scale applications. A mylar type dielectric capaci-
tor is adequate.

Reference Voltage Capacitor - CRer

The reference voltage used to ramp the integrator output voltage
back to zero during the reference integrate cycle is stored on Crer.
A 0.1 uF capacitor is acceptable when V&er is tied to analog
common. If a large common-mode voltage exists (Vrer is tied to
analog common. If a large common-mode voltage exists (Vrer %=
analog common) and the application requires a 200 mV full-scale
increase Crer to 1.0 uF. Rollover error will be held to less than 0.5
count. A mylar type dielectric capacitor is adequate.

Integrating Capacitor - CinT

Cint 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£2V full-scale integrator output swing is satisfactory. For 3
readings/second (fogc = 48 kHz) a 0.047 value is suggested.
For one reading per second 0.15 uF is recommended. If a
different oscillator frequency is used Cyt must be changed in
inverse proportion to maintain the nominal +2 V integrator
swing.

An exact expression for Ciyris:

@oo0) (1) (Vs

f R
Cnr = 0sC INT

Vint

7-304

Where:

fosc = Clock frequency at Pin 38

Vgg = 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. An inexpensive polypropylene capacitor is recommended.

Integrating Resistor - RiNT

The input buffer amplifier and integrator are designed with
class A output stages. The output stage idling current is 6 uA.
The integrator and buffer can supply 1 yA drive currents with
negligible linearity errors. Ryt 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
RinT is 180 kQ. A 2.0 V full-scale requires 1.8 MQ.

Component Nominal Full-Scale Voitage
Value 200.0 mV 2.000V
Caz 0.47 uF 0.10 uF

RinT 180 kQ 1.8 MQ

CiNT 0.047 uF 0.047 uF
Note:

1. fosc = 48 kHz (3 readings/ sec). Rogc = 180 KQ, Cogc = 50 pF.

Oscillator Components
Cosc should be 50 pF. Rogc is selected from the equation:

0.45
RC

fosc =

Note that fogc 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 * VRer
200.0 mV 100.0 mV
2.000V 1.000 V

* Ves =2 Vaer
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Figure 6: Common-Mode Voltage Removed in Battery Operation with V5 = 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 Ib/in® 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 Vy is not equal to zero. This is
common in temperature measuring instrumentation. A com-
pensating offset voltage can be applied between analog
common and V). The transducer output is connected between
Vi and analog common.

Device Pin Functional Description
Differential Signal Inputs
(Vi (Pin 31), ViN (Pin 30))

The TSC7136A is designed with true differential inputs and
accepts input signals within the input stage common mode
voltage range (Vcwm)- The typical range is V' -1.0to 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 V| is connected
to analog common (Vgom): 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 Vo exists in
conjunction with a full-scale negative differential signal. The
negative signal drives the integrator output positive along with
Vem (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 0.3V 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 Crer should be large compared to stray node
capacitance.

INPUT
BUFFER

Vin
| INTEGRATOR
- o~
T
Vizg [Vem- VINI
Vem where:
- - 4000
| T| = INTEGRATION TIME = 07
C| = INTEGRATING CAPACITOR
R; = INTEGRATING RESISTOR

Figure 7: Common-Mode Voitage Reduces Available
Integrator Swing. (Vcom # ViN)

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 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 FET capable of sinking 100 uA. 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 uA. Analog
common is therefore easily pulled to a more negative voltage
(i.e. below V' -3.0 V).

The TSC7136A connects the internal Vjy and Vjy inputs to
analog common during the auto-zero cycle. During the refer-
ence integrate phase V| is connected to analog common. If
Vinis 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 Vjy are usually connected, removing common-
mode voltage concerns. In systems where Vy is connected to
the power supply ground or to a given voltage, analog common
should be connected to V.

The analog common pin serves to set the analog section
reference or common point. The TSC7136A is specifically

7-305




LOW POWER 3 1/2 DIGIT A/D 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*-3.0V gives a 7 V end of battery life voltage. The
common potential has a 0.001%/% voltage coefficient.

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 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 Q resistor. 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

The TSC7136A 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 R and C values do not need to be
changed, however, noise performance will be improved by
increasing Cpz. (See AUTO-ZERO CAPACITOR section). Fig-
ure 9 shows analog common supplying the necessary voltage
reference for the TS