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Clocks 
For additional application information, 
see AN-143 at the end of this section. 

MM5309, MM5311, MM5312, MM5313, 
MM5314, MM5315 digital clocks 

general description 

These digital clocks are monolithic MOS integrated 
circuits utilizing P·channel low-threshold, enhancement 
mode and ion implanted. depletion mode devices. The 
devices provide all the logic required to build several 
types of clocks. Two display modes (4 or 6-digits) 
facilitate end-product designs of varied sophistication. 
The circuits interface to LED and gas discharge displays 
with minimal additional components, and require only 
a single power supply. The timekeeping function 
operates from either a 50 or 60 Hz input, and. the dis· 
play format may be either 12 .hours (with leading-zero 
blanking) or 24 hours. Outputs consist of multiplexed 
display drives (BCD and 7-segment) and digit enables. 
The devices operate over a power supply range of 11 V 
to 19V and do not require a regulated supply. These 
clocks are packaged in dual-in-line packages. 

features 

• 50 or 60 Hz operation 

• 12 or 24-hour display format 

• Leading-zero blanking (12-hour format) 

• 7 ·segment outputs 

• Single power supply 

• Fast and slow set controls 

• Internal multiplex oscillator 

• For features of individual clocks, see Table I 

applications 

• Desk clocks 

• Automobile clocks 

• Industrial clocks 

• Interval Timers 

TABLE I. 

FEATURES MM5309 MM5311 

BCD Outputs x x 
4/6-Digit Display Mode x x 
Hold Count Control x 
1 Hz Output 

Output Enable Control x x 
Reset x 

connection diagrams (Dual·ln·Line Packages) 
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absolute maximum ratings 
Voltage at Any Pin 
Operating Temperature 
Storage. Temperature 
Lead Temperature (Soldering, 10 seconds) 

Vss + o.3 to Vss-,2ov 
-25°C to +70°C 

-65°C to +150°C 
300°C 

electrical characteristics TA within operating range, Vss = 11v to 19V, VDD = ov, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX 

Power Supply Voltage Vss IVDD = ov> 11 19 

Power Supply Current Vss = 14V. (No Output Loads) 10 

50/60 Hz Input Frequency de 50 or 60 60k 

50/60 Hz Input Voltage 

Logical High Level Vss-1 Vss Vss 

Logical Low Level VoD VDo Vss-10 

Multiplex Frequency Determined by External R & C 0.100 1.0 60 

All Logic Inputs Driven by External Timebase de 60 

Logical High Level Internal Depletion Device to Vss vss-1 Vss Vss 

Logical Low Level Voo VDD Vss-10 

BCD and 7-Segment Outputs 

Logical High Level Loaded 2 kQ to VDD 2.0 20 

Logical Low Level 0.01 

Digital Enable Outputs 

Logical High Level 0.3 

Logical Low Level Loaded 100 Q to Vss 5.0 25 

connection diagrams (Continued) Dual-In-Line Packages (Top Views) 
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functional description 

A block diagram of the MM5309 digital clock is shown 
in Figure 1. MM5311, MM5312, MM5313, MM5314 
and MM5315 clocks are bonding options of MM5309 
clock. Table I shows the pin-outs tor these clocks. 

50 or 60 Hz Input: This input is applied to a Schmitt 
Trigger shaping circuit which provides approximately 
5V of hysteresis and allows using a filtered sinewave 
input. A simple RC filter such as shown in Figure 10 
should be used to remove possible line voltage transients 
that could either cause the clock to gain time or damage 
the device. The shaper output drives a counter chain 
which performs the timekeeping function. 

50 or 60 Hz Select Input: This input programs the 
prescale counter to divide by either 50 or 60 to obtain a 
1 Hz timebase. The counter is prqaJrammed tor 60 Hz 
operation by connecting this input to VDD· An internal 
deple.tion device is common to this pin; simply leaving 
th is input unconnected programs the clock tor 50 Hz 
operation. As shown in Figure 1, the prescale counter 
provides both 1 Hz and 10 Hz signals, which can be 
brought out as bonding options. 

Time Setting Inputs: Both fast and slow setting inputs, · 
as well as a hold input, are provided. Internal depletion 
devices provide the normal timekeeping function. 
Switching any of these inputs (one at a time) to VDD 
results in the desired time setting function. 

The three gates in the counter chain (Figure 1) are 
used tor setting time. During normal operation, gate A 
connects the shaper output to a prescale .counter (+50 
or +60); gates B and C cascade the remaining counters. 

. Gate A is used to inhibit the input to the counters tor 
the duration of slow, fast or hold time-setting input 
activity. Gate .B is used ta connect the shaper output 
directly to a seconds counter (+60). the condition tor 
slow advance. Likewise, gate C connects the shaper 
output directly to a minutes counter (~O) tor fast 
advance. 

Fast set then, advances hours information at one hour 
per second and slow set advances minutes information 
at one minute per second.· 

12 or 24-Hour Select Input: This input is. used to pro
gram the hours counter to divide by either 12 or 24, 
thereby providing the desir.ed display format. The 
12-hour display format is selected by connecting this 
input to VDD; leaving· the input unconnected (internal 
depletion device) selects the 24-hour format. 

Output Multiplexer Operation: The seconds, minutes, 
and hours counters continuously reflect the time of day. 
Outputs from each counter (indicative of both units 
and tens of seconds, minutes, and hours) are time
division multiplexed to provide digit-.sequential access 
to the time data. Thus, instead of requiring 42 leads to 
interconnect a 6-digit clock and its display (7 segments 
per digit), only 13 output leads are required. The multi
plexer is addressed by a multiplex divider decoder, 

which is driven by a multiplex oscillator. The oscillator 
and external timing components set the frequency of 
the multiplexing function and, as controlled by the 4 or 
6-digit select input, the divider determines whether data 
will be output for 4 or 6 digits. A zero-blanking circuit 
suppresses the zero that . would otherwise sometimes 
appear in the tens-of-hours display; blanking is effective 
only in the 12-hour format. The multiplexer addresses 
also become the display digit-enable outputs. The multi
plexer outputs are applied to a decoder which is used 
to address a programmable (code converting) ROM. 
This ROM generates the final output codes, i.e., BCD 
and 7-segment. The sequential output order is from 
digit 6 (unit seconds) through digit 1 (tens of hours). 

Multiplex Timing Input: The multiplex oscillator is 
shown in Figure 2. Adding an external resistor and . 
capacitor to this circuit via the multiplex timing input 
(as shown in Figure 4a) produces a relaxation oscillator. 
The waveform at this input is a quasi-sawtooth that is 
squared by the shaping action of the Schmitt Trigger in 
Figure 2. Figure 3 provides guidelines for selecting the 
external components relative to. desired multiplex 
frequency. 

Figure 4 also illustrates two methods of synchronizing 
the multiplex oscillator to an external timebase. The 
external RC timi11g components may be omitted and 
this input may be driv.en by an external timebase; the 
required logic levels are the same as 50 or 60 Hz input. 

Res,t: Applying VDD to this input resets the counters 
to 0:00:00.00 in 12-hour format and 00:00:00.00 in 
24-hour formats leaving the input unconnected (internal 
dtlpletion pull-up) selects normal operati9n . 

4 or 6-Digit Select Input: Like the other.control inputs, 
this input is provided with an internal depletion pull-up 
device. With no input connection the clock outputs data 
tor a 4-digit display. Applying VDD to this input pro
vides a 6-digit display. 

Output Enable Input: With this pin unconnected the 
BCD and 7-segment outputs are enabled (via an internal 
depletion pull-up). Switching VDD to this input inhibits 
th~se outputs. (Not applicable to MM5312, MM5313, 
and MM5315 clocks.) 

Output Circuits: Figure 5a illustrates the circuit used 
for the BCD and 7-segment outputs. Figure 5b shows 
the digit enable output circuit. Figure 6 illustrates 
interfacing these outputs to standard and low power 
TTL. Figures 1 and 8 illustrate methods of interfacing 
these outputs to common anode and common cathode 
LED displays, respectively. A method of interfacing 
these clocks to gas discharge display tubes is shown in 
Figure 9. When driving gas discharge displays which 
enclose more than one digit in a common gas envelope, 
it is necessary to inhibit the segment drive voltage(s) 
during inter-digit transitions. Figure 9 also illustrates a 
method of generating a voltage for application to the 
output enable input to accomplish the required inter
digit blanking. 
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functional description (Continued) 
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functional _description (Continued) 
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SUCH AS NSN74R. · 

"""'l..J""" 

. <Vss VDDl/2 VF 1.sv 
RL = .~-------

N(IF) 

Where RL is in kn 
And VF =forward drop of LEO 
0.!:!V = voltage drop of transistors 
N = number of digits in display 
IF = required average LEO current 

OR EQUIV, 

*Transistors may be replaced by DM75491, DM75492, 
DM8861, DM8863 or equivalent segment/digit drivers. 

FIGURE 7. Interfacing Common Anode LED Displays FIGURE 8. Interfacing Common Cathode LED Displays 
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functional description (Continued) 

ov 
AC IN 

FAST 

-'-
SLOW 

-'-

(OV) 

TYPICAL 

EN~:i'.~1--......,----...----------------------! 
OUTPUT -

MM5309 

OUTPUT!+--------., 
ENABLE 

400 pf 

TYPICAL 
SEGMENT 

0.005 

(X7) 

Yoo 
HSV)---------------111---~-------... --1.---t----t---t---

MULTIPLEX TIMING ANO 
-35V-------------~IN~T~E~R-~D~IG~IT~B~L~A~NK~l~NG::....-----------+--4>--

-125Y------------------------------

FIGURE 9. Interface Panaplex II* Neon Display Tube *TM of Burroughs Corp. 

1N914 

15 . 27 

Vss 4/& 

18 

17 
MM5309 

1 ·van 
13 SEG 
14 . b • d 

28 26 6 1 8 g 

01 25 

02 24 
03 23 
04 22 

. f g 

10 1t 12 

2Zk 41k 

---rmWl 
ANODE I 

2N5086 DRIVER I 
(X4) 

1:.LY 1M 

0.1 lil2DOV 
lX71 

rviiWl 
CATHODE I 

DRIVER I 
I 

1Nll14 I 

Zllk 

~ 

0.12 
20IV 

11914. 

ZNSlll 

ZZlc 

INTER-DIGIT BLANKING CIRCUIT (X7) (X7) _:i_J 
-3sv-----------------------~~--+----+-------t----... ---if------t--_.-
-1osv----------------------------------~------~~--~~---

FIGURE 10. MM5309 Driving Gas Discharge Display. Typical Applications 
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MM5316 digital alarm clock 

general description 
The MM5316 digital alarm clock is a monolithic MOS 
integrated circuit utilizing P-channel low-threshold, 
enhancement mode and ion-implanted depletion mode 
devices. It provides all the logic required to build several 
types of clocks and timers. Four display modes (time, 
seconds, alarm and sleep) are provided to optimize 
circuit utility. The circuit interfaces directly with 7-
segment fluorescent tubes, and requires only a single 
power supply. The timekeeping function operates 
from either a 50 or 60 Hz input, and the display for
mat may be either 12 hours (with ·1eading-zero blank
ing and AM/PM indication) or 24 hours. Outputs 
consist of display drives, sleep (e.g., timed radio turn 
off), and alarm enable. Power failure indication is 
provided to inform the user that incorrect time is 
being displayed. Setting the time cancels this indi
cation. The device op.erates over a power supply range 
of 8-29V and does not require a regulated supply. 
The MM5316 is packaged in a 40-lead dual-in·line 
package. 

features 
• 50 or 60 Hz operation 
• Single power supply 
• Low power dissipation (36 mW at 9V) 
• 12 or 24-hour display format 

block and connection diagrams 

OUTPUT 2J 
COMMONO----------------------, 
SOURCE 

12/2~EHL~~~ <>-''--------------------~ 

50{60HZ 
INPUT 

AL~~~ +''----, 
ALARM 

OFF 

SNOOZE 

SLEEP 
OUT 

SLEEP DJS 0-------------------H 
ALA~~ 0-:3-'-1-----------------oi 

SECO~i o-'-'------------------.. 
BLANKING 0-:l'-7 ------------------oi 

INPUT 33 
SLOWSET~ 

34 
FAST SET a-----. 

28 
Vss o--+-

" Voo o-----11>-

FIGURE 1. 

BL°ANKiN°G 
DETECTOR 

J9 
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Clocks 

• AM/PM outputs } 
. . 12-hour format 

• Leading-zero blanking 
• 24-h our al arm setting 
• All counters are resettable 
• Fast and slow set controls 
• Pow~r failure indication 
• Blanking/brightness control capability 
• Elimination of illegal time display at turn on 
• Direct interface to fluorescent tubes 
·• 9-minute snooze alarm 
• Presettable 59-minute sleep timer 

applications 
• Alarm clocks 

• Desk clocks 
• Clock radios 
• Automobile clocks 
• Stopwatches 
• Industrial clocks 
• Portable clocks 
• Photography timers 
• Industrial timers 
• Appliance timers 
• Sequential controllers 

Dual-In-Line Package 

AM OUTPUT 

10 HRS-·b&c 

HRS-f 

HRS-g 

HFIS-a 

HRS- b 

HRS- d 

HRS-c 
TO HRS HRS-e DIGIT 

TD 10'$ 10MINS-a&d 

OF MINS 10MINS-b 
DIGIT 

10MINS-e 

10~1NS- c 

MINS-f 
TD MINS 
DIGIT 

MINS-b 

MINS-c 

TOP VIEW 

Order Number MM5316N 
See Package 24 

FIGURE 2. 

SLOW SET IN 

SECONDS DISPLAY IN 

ALARM DISPLAY IN 

LEEP DISPLAY IN 

ALARM OUT 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

electrical charactel"istics 

Vss + o.3 to vss - 30V 
-25°C to +70°C 

-65°C to +150°C 

300°C 

TA within operating range, Vss = 21V to +29V, VDD = OV, unless otherwise specified. 

PARAMETER CONDITIONS 

Power Supply Voltage Vss (VDD = OV) 

Power Supply Current No Output Loads 

Vss= av 

Vss= 29v 

Counter Operation Voltage 

50/60 Hz Input Frequency Voltage 

Logical High Level 

Logical Low Level 

Blanking Input Voltage 

Logical High Level 

Logical Low Level 

All Other Input Voltages 

Logical High Level 

Logical Low Level Internal Depletion Device to VDD 

Power Failure Detect Voltage (Vss Voltage) 

Output Currents, 1 Hz Display Vss = 21v to 29V, 

Output Common= Vss 

Logical High Level VoH = Vss -2V 

Logical Low Level, Leakage voL= VoD 

10's of Hours (b & c), 10's of Minutes 

(a & d) 

Logical High Level VoH = Vss -2V 

Logical Low Level .• Leakage voL = VoD 

All Other Display, Alarm and Sleep Outputs 

Logical High Level VoH = Vss-2V 

Logical Low Level, Leakage VoL = Voo 

1-10 

,MIN TYP MAX UNITS 

21 29 v 

4 mA 

5 mA 

8 29 v 

de 50 or 60 10k Hz 

Vss-1 Vss vss v 

VoD VDD VDD+1 v 

Vss-1.5 Vss Vss v 

VoD VoD Vss-4 v 

vss-1 Vss Vss v 

Voo Voo VDD+2 v 

10 20 v 

1500 µA 

µA 

1000 µA 

µA 

500 µA 

µA 



functional description 
A block diagram of the MM5316 digital alarm clock is 
shown in Figure 1. The various display modes provided 
by this clock are listed in Table I. The functions of the 
setting controls are listed in Table 11. Figure 2 is a 
conn.ection diagram. The foilowing discussions are based 
on Figure 1. 

50 or 60 Hz Input (pin 35): A shaping circuit (Figure 3) 
. is provided to square the 50 or 60 Hz input. This circuit 

allows use of a filtered sinewave input. The circuit is a 
Schmitt Trigger that .is designed to provide about 6V of 
hysteresis. A simple RC filter, such as shown in Figure 6, 
should be used to remove possible line-voltage transients 
that could either cause the clock to gain time or damage 
the device. The shaper output drives a counter chain 
which performs the timekeeping function. 

50 or 60 Hz Select Input (pin 36): A programmable 
prescale counter divides the input line frequency by 
either 50 or 60 to obtai·n a 1 Hz time base. This counter 
is programmed to divide by 60 simply by leaving pin 36 
unconnected; pull-down to Voo is provided by an 
internal depletion device. Operation at 50 Hz is pro
grammed by connecting pin 36 to Vss. 

Display Mode Select Inputs (pins 30-32): In the 
absence of any of these three inputs, the display drivers 
present time-of-day information to the appropriate 
display digits. Internal pull-down depletion devices allow 
use of simple SPST switches to select the display mode. 
If more than one mode is selected, the priorities are as 
noted in Table I. Alternate display modes are selected 
by applying Vss to the appropriate pin. As shown in 
Figure 1 the code converters receive time, seconds, alarm. 
and sleep information from appropriate points in the 
clock circuitry. The display mode select inputs control 
the gating of the desired data to the code converter 
inputs and ultim.ately (via output drivers) to the display 
digits. 

Time Setting Inputs (pins 33 and 34):. Both fast and 
slow setting inputs are provided. These inputs are 
applied either singly or in combination to obtain the 
control functions listed in Table II. Again, internal 
pull-down depletion devices are provided; application of 
Vss to these pins effects the control functions. Note 
that the control functions pro'per are dependent on the 
selected display mode. For example, a hold-time control· 
function is obtained by selecting seconds display and 
actuating the slow set input. As another example, the 
clock time may be reset to 12:00:00 AM, in the 12-hour 
format (00:00:00 in the 24-hour format), by selecting. 
seconds display and actuating both slow and fast set 
inputs. 

Blanking Control Input (pin 37): · Collnecting this 
Schmitt Trigger input to Voo places all display drivers 
in a non-conducting, high-impedance state, thereby 
inhibiting the display, (see Figures 3 and 4). Conversely, 
Vss applied to this input enables the display. 

Output Common Source Connection (pi~ 23): All 
display output drivers are open-drain devices with all 
sources common to pin 23 (Figure 4). When using 
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fluorescent tube displays, Vss or a display brightness 
control voltage is permanently connected to this pin. 
Since the brightness of a fluorescent tube display is 
dependent o.n the anode (segment) voltage, applying a 
variable voltage to pin 23 results in a display brightness 
control. This control is shown in Figure 6. 

12 or 24-Hour Select Input (pin 38): By leaving this pin 
unconnected, the outputs for the most-significant 
display digit ( 10's of hours) are programmed to provide 
a 12-hour display format. An internal depletion pull 
down device is again provided, Connecting this pin 
to Vss programs the 24-hour display format. Seg
ment connections for 1 O's of hours in 24-hour mode 
are shown in Rgure 5b. 

Power Fail Indication: If the power to the integrated 
circuit drops indicating a momentary ac power failure . 
. and possible loss of clock, the power fail .latch is set. 
The power failure indication consists of a flashing of the 
AM or PM indicato·r at a 1 Hz rate. A fast or slow set 
input resets an internal power failure latch and returns 
the display to normal. In the 24-hour format, the power 
failure indication consists of flashing segments "c" and 
"f" for times less than' 10 hours, and of a flashing 
segment "c" for times equal to or greater than 10 hours 
but less than 20 hours; and a flashing segment "g" for 
times equal to or greater than 20 hours. 

Alarm Operation and Output (pin 25): The alarm 
comparator (Figure 1) senses coincidence between the 
alarm counters (the alarm setting) and the time counters· 
(real time). The comparator output is used to set a latch 
in the alarm and sleep circuits. The latch output enables 
the alarm output driver (Figure 4), the MM5316 output 
that is used to control the external alarm sound gener
ator. The alarm latch remains set for 59 minutes, during 
which the alarm will therefore sound if the ,latch output 
is not temporarily inhibited by another latch set by the 
snooze alarm input (pin 24) or reset by the alarm "OFF" 
input (pin 26). If power fail occurs and power comes 
back up, the alarm output will be in high impedance 
state. 

Snooze Alarm Input (pin 24): Momentarily connecting 
pin 24 to Vss inhibits the alarm output for between 8 
and 9 mi.nutes, aftiir which the alarm will again be 
sounded. This input is pulled-down to Voo by an 
<nternal depletion device. The snooze alarm feature may 
be repeatedly used during the 59 minutes in which the 
alarm latch remains set. 

Alarm "OFF" Input (pin 26): Momentarily connecting 
pin 26 to Vss resets the alarm latch and thereby silences 
the alarm. This input is also returned to Voo by an 
internal depletion device. The momentary alarm "OFF" 
input also readies the alarm latch for the next compara
tor outp'ut, and ttie alarm will automatically sound again 
in 24 hours (or at a new alarm setting). If it is desired 
to silence the alarm for a day or more, the alarm "OFF" 
input should remain at V55. 

Sleep Timer and Output (pin 27): The sleep output 
at pin. 27 can be used to turn off a radio after a 
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functional description (Continued) 

desired time interval of up· to 59 minutes. The. time 
interval is chosen by selecting the sleep display mode 
(Table I) and setting the desired time interval (Table II). 
This automatically results in a current-source output 
via pin 27, which can be used to turn on a radio 
(or other appliance). When the sleep counter, which 
counts downwards, reaches 00 minutes, a latch is reset 

and the sleep output current drive is removed, thereby 
turning off the radio. The turn off may also be 
manually controlled (at any time in the countdown) by 
a· momentary Vss connection to the snooze input 
(pin 24). The output circuitry is the same as the other 
outputs (Figure 4). 

Voo 

511/llOHZ 

.~r::~I~= >-•--I 50/&0Hz 
INPUT .lO-•-• ~~r:~yN~R 

PIN 40 PIN 1 
PM AM 

Vss 

FIGURE 3. 50/60 Hz or Blanking Input Shaping Circuit 

*OUTPUT COMMON SOURCE BUS (PIN 23) 

ll(DATA)z;r 

BLANKING I~ 
S~=:~:,--t (OPEN ORAIN~UTPUT 

Vss 

*Alarm and sleep output sources are connected to Vss: 
blanking is not applied to these outputs. 

NC 

FIGURE 4. Output Circuit 

PIN2 
b&c 

PIN39 PIN 1 
1 Hz AM 

la I 12·Hour Display Format lb) 24-Hour Display Format 

FIGURE 5. Wiring Tan'H>f·Houn Digit 
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functional description (Continued) 

TABLE!. MM5316 Display Modes 

*SELECTED 
DIGIT NO. 1 DIGIT NO. 2 

DI SP LAV MODE 
DIGIT N0.3 DIGIT N0.4 

Ti me Display 10's of Hours & AM/PM 

Seconds Display Blanked 

Alarm Display 1 O's of Hours & AM/PM 

Sleep Display Blanked 

Hours 

Minutes 

Hours 

Blanked 

10's of Minutes 

1 O's of Seconds 

10's of Minutes 

lO's of Minutes 

Minutes 

Seconds 

Minutes 

Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others), Alarm, 
Seconds, Time (no other mode sele'ctedl. 

TABLE II. MM5316 Setting Control Functions 

SELECTED CONTROL 
CONTROL FUNCTION 

DI SPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 

Alarm Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm. Resets to. 12:00 .AM (12-hour format) 
Both Alarm Resets to 00:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 10's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour format) 
Both Time Resets to 00:00:00 (24-hour format) 

Sleep Slow Substracts Count at 2 Hz 
Fast Substracts Count at 60 Hz 
Both Substracts Count at 60 Hz 

*when setting time sle~p minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes 
(sleep counter will not recycle). 

typical application 
Figure 6 is a schematic diagram of a general purpose alarm clock using the MM5316 and a fluorescent tube display. 

(60 H!) (12 HR) I-
NC NC f-

50/60 Hz 12/24 H~ Sl-OW 
. ..-... t-.-"""'--.-;vss SELECT SELECT SET 

OUTPUT COMMON 
SOURCE 

'--<O--!f--!f---150/60 Hz INPUT 

10'5 OF HOURS 

FAST 
SET 

UNIT HOURS 

f- f- f-
ALARM SECONDS SLEEP 

DISPLAY DISPLAY DISPLAY 

MM5Jl6 

10'8 OF MINUTES 

FIGURE 6. Schematic 
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f-
ALARM 

Off 

f-
SNOOZ!! 

B!.ANKING 

ALARM 
OUT 

SLEEP 
UNiT MINUTES OUT 

27k 

II 

ALARM 
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Clocks 

MM5370, MM5371 digital alarm clocks 

general description 

The MM5370 and MM5371 digital alarm clocks are 
monolithic MOS integrated circuits utilizing P-channel 
low-threshold, enhancement mode and ion-implanted 
depletion mode devices. They provide all the logic 
required to build several types of clocks and timers. 
Three display modes (time, alarm and sleep) are pro
vided to optimize circuit utility. The circuits interface 
simply with 7-segment gas discharge displays. The 
timekeeping function operates from either a 60 Hz 
(MM5370) or 50 Hz (MM5371) input, and the display 
format may be either 12 hours (with leading-zero 
blanking and AM/PM indication) or 24 hours. Outputs 
consist .of display drives, alarm enable .and sleep (e.g., 
timed radio turn off). Power failure indication is 
provided to inform the user that incorrect time is being 
displayed. Setting the time cancels this indication. 
These clocks are packaged in 28-pin dual~in-line packages. 

features 

• Single power supply 
• Low power dissipation 
• 12 or 24-hour display format 
• Colon drive output 

connection diagram 

• AM/PM drive output in 12-hour format 
• Leading-zero blanking in 12-hour format 
• 24-hour alarm setting 
• All counters are resettable 
• Fast and slow set controls 
• Power fail indication 

Blinking colon-12-hour or 24-hour mode 
Blinking AM/PM indicators-12-hour only 

• Brightness control capability 
• Simple interface to gas discharge display 
• Presettable 59-minute sleep timer 

• 9-minute snooze timer 

applications 

• Alarm clocks 
• Desk clocks 

• Clock/radios 
• Automobile clocks 
• Industrial clocks 
• Appliance timers 

DuaHn·Line Package 

SNOOZE 28 
HOURS 

INPUT 

ALARM 2 27 

'""'"M} "'" OUTPUT 

3 26 
ANODE-DRIVE 

ALARM 10 MINUTES OUTPUTS 
Off INPUT 

SLEEP 4 25 
OUTPUT 

MINUTES 

Vss 
24 

vDD 
Z3 

SLEEP 22 
Order Number MM5370N DISPLAY MM5370 

or MM5371N OR MULTIPLEXED 

See Package 23 ALARM MM5371 21 7·SEGMENT 
DISPLAY OUTPUTS 

RESET 
20 

SLOW 10 19 
SET 

FAST 11 18 
SET 

LINE 12 17 COLON 
FREQUENCY INPUT OUTPUT 

12/24-HOUR 13 16 AM/PM 
SELECT OUTPUT 

MULTIPLEX 14 15 BRIGHTNESS 
TIMING INPUT CONTROL INPUT 

TOP VIEW 
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absolute maximum ratings 

Voltage at Any Pin 
Voltage at Any Display Output Pin 
Operating Temperature 
Storage Temperature 
Le~dTemperature (Soldering, 10 seconds) 

vss + o.3v to Vss - 20v 
Vss + 0.3V to Vss - 55V 

-25°c to +10°c 
-115°c to +150°C 

· 300°c 

electrical characteristics TA within operating range, Vss = ov, VDD = -21 v to -29V unless otherwise specified. 

PARAMETER CONDITl-ONS MIN TVP MAX UNITS 

Power Supply Voltage 

Funi:tioning Clock No Output Loads -8.0 -25 -29 v 

Outputs Driving Display -21 -29 v 

Power Supply Current No Output Loads, (See.''Power 5.0 mA 

Supply" Section) 

60 Hz (or 50 Hz) Input Frequency 

MM5370 de 30k Hz 

MM5371 de 30k Hz 

60 Hz (or 50 Hz) Input Voltage 

Logical High Level Vsg-1.0 vss Vss v 

Logical Low Level Voo voo voo+1 v 

Brightness Control Voltage 

Logical High Level_ Vsg-2.0 vss Vss v 

Logical Low Level VDo VDo Vsg-4.0 v 

All Other Input Voltages 

Logical High Level Vsg-1.0 Vss Vss v 
·• 

Logical Low Level Internal Depletion Load to VoD VDD VDD VDD+2.o v 

Multiplex Frequency Determined by Ext. RC 500 60k Hz 

Driven by Ext. Time Base de 60k Hz 

Power Failure Detect Voltage (VDD Voltage) -3.0 -8.0 v 

Output Currents VDD = -21 v to -20v. Vss = ov 

Digit Anode Outputs 

Logica High Level, ("ON") VoH =Vss-5V 

Logical Low Level, ("OFF") VoL = Vss - 45V 

Segment Cathode Outputs 

Logical High Level, ("OFF") VoH = Vss-5V 
Logical Low Level, ("ON") VoL = Vss - 45V 

Alarm and Sleep Outputs 

Logical High Level, ("ON") VoH = Vss-2V 

Logical Low Level, ("OFF") VoL = VDb + 2V 

functional description 
A block diagram of the MM5370 and MM5371 clocks is 
shown inFigure 1. The various display modes provided 
by these clocks are listed in Table I. The functions of tl)e 
controls are listed in Table II. A connection diagram for 
these devices is shown on page 1·. Unl~ss indicated other
wise, the following discussions are based on Figure 1. 

Power Supply: Even though these clocks do not require 
a regulated supply, and operate over a wide voltage 
range, certain factors should be remembered. Power 
supply voltages between -8V and -21V will provide all 
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8.0 mA 

40 µ.A 

2.0 mA 

10 µ.A 

1.5 mA 

-10 µ.A 

functions of the clocks (proper counting, etc.) except 
output drive capabilities. In. order to ensure proper 
output levels and breakdown voltages it is necessary to 
provide supply_ voltages between -21V and -29V. At 
some point between -7V and -3V, the power fail 
latch becomes "set"; All counters will then hold their 
count at least 0.5V below this point. This ensures power 
failure indication before any count is lost. For proper 
power failure indication, power supply rise time should. 
not exceed 10 V /ms, since faster rise times may be 
faster than propagation delays within the latch circuitry. 
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functional description (Continued) 

Line Frequency Input (pin 12): A shaping circuit is 
provided to square the 60 Hz (MM5370) or 50 Hz 
(MM5371) input. This circuit allows use of a sinewave 
input. The Schmitt Trigger shaper (Figure 2) is designed 
to provide approximately 6V of hysteresis. A simple RC 
filter, such as shown in Figure 8, should be used to 
remove possible line-voltage transients that could cause 
the clock to gain time or damage the device. The shaper 
output drives a counter chain which performs the time· 
keeping function. A prescale counter divides the line 
input frequency to obtain a 1 pps timebase. 

Display Mode Select Inputs (pins 7 and 8): In the 
absence of either of these inputs, the display drivers 
output time-of-day information to the display. Internal 
pull-down (to Vool depletion loads allow use of simple 
SPST switches for connecting these inputs to V55, 
thereby selecting alternate display modes. If more than 
one mode is simultaneously selected, the priorities are 
are noted in Table I. As shown in Figure 1 the multi
plexed code converter receives time, alarm and sleep 
information from appropriate points .in the clock 
circuitry. The display mode select inputs control the 
gating of the desired data to the multiplexed code 
converter inputs and ultimately (via output drivers) 
to the display. 

Time Setting Inputs (pins 10 and 11): Both fast and 
slow setting inputs are provided. These inputs are 
applied either singly or in comb.ination to obtain the 
control functions listed in Table 11. Again, internal 
pull-down depletion loads are provided; application of 
Vgs to these pins effects the control functions. Note 
that the control functions proper are determined by the 
selected display mode .. An optional hold-time control 
function can be obtained as shown in Figure 8. 

Reset Input (pin 9): Applying Vss to this input results 
in resetting the timekeeping function of the clock; 
a pull-down depletion load is provided at this input. 
Time is reset to 12:00 AM in the 12-hour format, 
or 00:00 in the 24-hour format. See Table 11. 

12 or 24-Hour Select Input (pin 13): By leaving this 
pin unconnected, the clock is programmed to .provide 
a 12-hour display format. This format provides for 
zero-blanking the most significant display digit (ten's of 
hours). An internal pull-down depletion load is again 
provided; connecting this pin to Vss programs the 
24-hour display format. (See Figure 8). 

Output Multiplexer Operation: Depending upon the 
selected display mode (see Table I), outputs from the 
appropriate internal counter are time division multi
plexed to provide digit-sequential access to the data. 
Thus, instead of requiring 28 leads to interconnect a 
4-digit clock and its display (7-segments per digit), 
only 11 output leads are required. Note that the 
MM5370 and MM5371 actually provide 13 outputs 
(4-digit anode drive outputs plus 9 "segment" cathode 
drive outputs). The two additional "segment" drives 
are provided to accommodate displays which feature a 
colon and/or AM/PM indication. (See sections on 
pin 16 and pin 17). The multiplexed code converter and 
output drivers are controlled by a multiplex oscillator. 
The oscillator and external timing components set the 
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frequency of the multiplexing function. Each digit 
anode is sequentially enabled for a time equal to the 
period of one cycle of the multiplex oscillator frequency. 

When driving gas discharge displays which enclose more 
than one digit in a common gas envelope; it is necessary 
to either (1) inhibit the segment drive voltage(s) for a 
short time during inter-digit transitions, or (2) avoid 
physically adjacent inter-digit transitions. The MM5370 
and lll\M5371 clocks utili.ze an interlaced output sequence 
to eliminate the need for inter-digit blanking circuitry 
and to prevent display arcing problems. The digit 
sequence is: (1) digit no. 1 (ten's of hours). (2) digit 
no. 3 (ten's of minutes), (3) blank for one.digit time, 
(4) digit no. 2 (unit hours). (5) digit no. 4 (unit min
utes), (6) blank for one digit time, etc. The two blanking 
interv.als are provided to recharge level-translating 
capacitors located in the display segment drive lines 
(see Figure 8). Both segment data and digit enables are 
blanked. Figure 3 is a timing diagram which illustrates 
output timing. 

Multiplex Timing Input (pin 14): The multiplex oscil
lator is shown in Figure 4. Adding an external resistor 
and capacitor to this circuit via the multiplex timing 
input produces a relaxation oscillator. The waveform at 
this input is a quasi-sawtooth that is squared by the 
shaping action of the Schmitt Trigger in Figure 4. Figure 
5 provides guidelines for selecting the external com
ponents relative to the desired multiplex frequency. 
Figure 6 illustrates a method of synchronizing or driving 
the multiplex oscillator with an external timebase. The 
external RC timing components may be omitted and 
this input driven by an external timebase; the required 
logic levels are the same a.s the 60 Hz or 50 Hz input. 

Output Circuits: All display output drivers are open
drain devices with sources common to Vss (pin 5). 
see Figure 7. Figure 8 illustrates interfacing the clock 
outputs and a gas discharge display. 

Brightness Control Input (pin 15): Since display bright· 
ness is a function of cathode segment current, a capa· 
bility of interrupting this current for a variable per
centage of the digit interval results in a brightness 
control. Connecting this Schmitt Trigger input (see 
Figure 2) to Voo places all cathode segment drive 
voltages at the high level. thereby inhibiting the display. 
Conversely, Vss applied to this input enables the 
cathode segment drives. The Schmitt Trigger shaper 
provides approximately 1 V of hysteresis, which facili
tates using a waveform such as a sawtooth with a variable 
slope (or variable de component) to effect the shaper 
output duty cycle and, therefore, the display brightness. 
The control waveform should be derived from the multi
plex frequency; a circuit is included in Figure 8. 

Alarm Operation and Output (pin 2): An alarm com
parator (see Figure 1) senses coincidence between the 
alarm counters (the alarm setting) and the time counters 
(real time). The comparator output is used to set a latch 
in the alarm and sleep circuits. This latch enables the 
alarm output driver (see Figure 7), the output of which 
is used to control the external· alarm sound generator. 
The alarm latch remains set for 59 minutes, during 
which the alarm will sound if the latch output is not 



functional description (Continued) 

temporarily inhibited by another latch set by the snooze 
input (pin 1) or reset by the alarm "OFF" input (pin 3). 
Alarm time setting and resetting are outlined in Table 11. 
When initially powered, alarm is in "OFF" state. 

Alarm "OFF" Input (pin 3): Momentarily connecting 
this pin to Vss resets the alarm latch and thereby 
silences the alarm. This input is also returned to Voo 
by an internal depletion load. lhe momentary alarm 
"OFF" input also readies the alarm latch for the next 
alarm comparator output; the alarm will sound again in 
24 hours (or at a new alarm setting). If it is desired to 
silence the alarm for a day or more, the alarm input 
should remain at V55. . 

Snooze Timer Input (pin 1): Momentarily connecting 
this pin to Vss inhibits the alarm output for between 
8 and 9 minutes, after which the alarm will again be 
sounded. This input is pulled to Voo by an internal 
depletion load. The snooze feature may be repeatedly 
used during the 59 minutes in which the alarm latch 
remains set. 

Sleep Timer and Output (pin 4): The sleep output at 
pin 4 cari be used to turn off a radio (or other 
appliance) after a desired tinie interval of up to 59 
minutes. The time interval is chosen by selecting the 

Vsso-+ 
Voo o-+ 

MULTIPLEX 
TIMING 0----------i 

INPUT 

LINE 
FREBUENCV o---...i 

INPUT 

ALARM 
OUll'UT +-------, 
ALARM 0------. 

OFF 
INPUT 

~:~~~ o---...i 

ALARM 

MULTIPLEX 
OSCILLATOR 

sleep display mode (see Table II and setting the desired 
time interval (see Table II). This automatically results 
in a current-source output via pin 4 which c.an be used 
to turn on a radio. When the sleep counter, which 
counts downwards, reaches 00 minutes a latch is reset 
and the sleep output drive current is. removed, thereby 
turning off the radio. This turn off also may be manually 
controlled (at any time in the count-down) by a momen
tary Vss connection to the snooze input (pin 1 ). This 
input is also returned to Voo by a depletion load. The 
output circuitry is the same as the alarm output (see 
Figure 7). 

AM/PM Cathode Output. (pin 16): Current with this 
writing, gas-discharge clock displays are availabie with 
two types of AM/PM indications, (1) AM and PM 
indicators common to digits 3 and 4 respectively; and 
(2) a PM only indication common to digit 1. Figure 3 
illustrates an AM/PM cathode drive output that is com
patible with both display types. Note that this same 
output also provides a non-blinking (steady) colon drive 
common to digit two. Power failure is shown by turning 
off this outP.Ut at a 1 Hz rate. 

Colon Cathode Output (pin 17): As an optional indica
tion of clock operation, some users may prefer to 
display a 1 Hz.activity. As shown in Figure3, a cathode 
drive output is provided to facilitate a blinking colon. 

1PPS 

MULTIPLEXED 
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CONVERTER 
AND 

OUTPUT 
DRIVERS 

:·.:::··) 
DIGIT ANODE 
DRIVE OUTPUTS 

IDMINS. 

MINS. 

AM .. M 

co LON 
} 

AUXILIARY 
CATHODE DRIVE 
OUTPUTS 

) 

MULTIPLEXED 
J.SEGMENT 
CATHODE DRIVE 
OUTPUTS 

DISPLAY 0-----------------------------' 
SLEEP 0-------------------------------' 

DISPLAY 

BRIGHTNESS 
CONTROL 0---------

INPUT 

SHAPING 
CIRCUIT 

Fl<iURE 1. MM5370 and MM5371 Digital Alarm Clock, Block Diagram 
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-;:;: 
C") functional description (Continued) 
It> 
:E 
:E 
0 TABLE I. MM5370 and MM5371 Display Modas ..... 
C") 
It> 

:E 
:E 

*SELECTED 
DIGIT N0.1 DIGITN0.2 DIGITN0.3 DIGITN0.4 DISPLAY MODE 

Time 10's of Hours Unit Hours 10's of Minutes Unit Minutes 
Alarm 1 O's of Hours· Unit Hours 10's of Minutes Unit. Minutes 
Sleep Blanked** Blanked 10's of Minutes Unit Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others), Alarm, 
Seconds, Time (no other mode selected). · 

* * F segm~nt is lit in 12-hour display mode .. This maV be eliminated by using circuit shown in Figure 9. 

Table II. MM5370 and MM5371 Setting Control Functions 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

Time* Slow Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 
Reset Time Resets to 12:00 AM (12-hour format) 
Reset Time Resets to 00:00 (24-hour format) 

Alarm Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alar.m Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12-hour format) 
Both Alarm Resets to 00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz Rate 
Fast Subtracts Count at 60 Hz Rate 
Both Subtracts Count at 60 Hz Rate 

*when setting time sleep minutes will decrement at rate of time counter. until the sleep counter reaches 
00 minutes (sleep counter wif.I not recycle). -

LINE 
FREQUENCY 

BRl1:~~~E~ 0-~--f 
CONTROL 

INPUT 

Vss 

SHAPED LINE 

p-.... - ... ~~E~:l~~c;,.ESS 
CONTROL SIGNAL 

FIGURE 2. 60 Hz (or 50 Hz} Input (or Brightness Control Input) Shaping Circuit 
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functional description (Continued) 

MULTIPLEX 
TIMING I 

INPUT j 

11 

1n8~~·~:8n~ nl : r 
~1-.-------------~ 

I 11 

DIGITN0.3 l l 
1B'SOFMINS. I I 

I 

DIGITNO.Z 1
1 n . 

UNIT ff.OURS 
~1 ---+------~ ~------~ 
1 

I n DIGITN0.4 j 

UNITMINS. ~I ---+----------' . ._ ___ _, 

ANY 
SEGMENT 

...... 
CATHODES 

COLON 
CATHODES 

I 

•• UFF 

NON-SLINKING 
COLON DRIVE 

~1-H•BLINKING 1 

COLON DRIVE 

jl.___ __ 

___ 11_ 

: COLON : ... ___ .,, 

·FIGURE 3. Output Timing Diagram 

••• 

Vss 

FIGURE 4. Multiplex O!cillator Circuit 

... - ............ - .......... ..----.... -----

EXTERNAL 
TIME8ASf 

MUX. 
'---40---ITIMING 

INPUT 

... 

Voo 

···-----...... ---"--... -----~ 

1,000,000 

~ 
~ 100,000 
ill 
:0 

:1: 
ff 10,000 

~ 
~ 1000 
i 

100pF 1000pF O.O!µF 0.1µF 

CAPACITANCE C (WITH R=100k) 

FIGURE 5. Multiplex Timing Component 
Selection Guide (Typical Only) 

'Nate 1: .For synchronizing, free running period 
should be set to run slightly longer than exter
nal timebase OV!?f temperature. 
Note 2: For driving, timing capacitor should 
be deleted. 

FIGURE 6. Synchronizing or Driving Multiplex Oscillator 
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functional description (Continued) 

60 Hz 

>• 

Q (DATA) 

Vss 

Voo 

ALARM OR, 
SLEEP OUTPUT 

Vss 

U(DATA)~ 
. . . """' ""' 

v OR SEGMENT 

OD (OPEN ORAIN) OUTPUT 

FIGURE 7. Output Circuits 
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FIGURE 8. Recommended Application 
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II Clocks 

MM5375XX series clocks 

general description 

MM5375XX series clock is a monolithic MOS integrated • Brightness control capability 
circuit utilizing P-channel low threshold enhancement- • No illegal time display at turn-on 
mode and ion-implanted depletion-mode devices. It • Simple interface to gas discharge displays and LED's 
provides all the logic required to give a 4 or 6-digit • Internal digit multiplex oscillator 12-hour or 24-hour display from a 50 or 60 Hz input. 
An auxiliary counter allows various options. Available • Leading zero blanking 

Ill 
options have been listed under features. Power failure • Activity indicator 
indication is provided to inform the user that incorrect • 4 to 6-digit operation 
time is being displayed. Setting time cancels this indica- • Available options t 
tion .. MM5375XX is available in a 24-lead dual-in-line 
epoxy package. application 

• Alarm clocks 
features • Desk clocks 

• Single power supply • Automobile clocks 

• Low power dissipation • Industrial clocks 

• All counters resettable II Date clocks 

• Fast and slow set controls • Minute timer clocks 

• Power failure indication • Seconds timer clocks 

connection diagram available options tablet 

Duaf...ln·Line Package 

r~ 
tl!. 10SEC}UIGIT OPTION NAME 

~ 1 SEC OUTPUTS 
FEATURE FUNCTION 

AA AB AC AD AE AG AH Al AJ 
1DMIN .2., 

Input !=requency 60 Hz • . . . • . DIGIT 
OUTPUTS 3 f?. 8TH SEG OUT 50 "' 

. . . 
1 HR...:.. Time Display 12-Hour . . . . • 

24-Hour • . • • 
10 HRS .!_ tl!- BRIGHTNESS CON Au1tillarv Counter Alarm Counter . . • . • 

Date Counter . . 
Vao ..!. tl!!. MUM DSC MinuteTimirr • 

Second Timer . 
AUX COUNTER DIS .,!.. fl!. • Alarm Signal Tona* . • NIA NIA NIA . NIA . • 

DC Level NIA NIA NIA NIA 

ALARM "DFFH' 2,.. 
,.. 

Alarm Output Modulated at 2 Hl . . NIA NIA NIA . NIA . . i-- c Not Modulated NIA NIA NIA NIA 

ALARM OUTPUT ~ i-!l. A 
Alarm at Power Failure "ON" . . NIA NIA NIA • NIA . • 

"OFF" NIA NIA NIA NIA 

SlDWSET ,,!. ~D SEGMENT Segment Output Polarity Vss for Display . . . • • . 
OUTPUTS Voo tor Display . . . 

FASTSH ~ J2,!_ E 
AM or PM Indication .. OFF" 01.1ring Tlme Display . . NIA NIA NIA NIA 

Displayed at AH Times NIA . NIA . . NIA NIA 

60HzlNPUt ~ i-1!- F 
8th Segment Blanked v~ NIA NIA NIA NIA 
During Alam'! Display No . • NIA NIA NIA . NIA . • 

Vss ~ t-1!- • *Tone is 1 /6 multiplex frequency 

TOP VIEW 

Order Number MM5375XXN 
See Package 22 
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absolute maximum ra1;ings 
Voltage at Any Pin 
Voltage at Any Display Output Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

Vss + o.3V to Vss - 30V 
Vss + 0.3V to Vss - 55V 

-25°C to +70°C 
c-65°C to +150°C 

300°C 

TA within operating range, Vss = OV, VDD = -21V to -29V unless otherwise specified. 

MIN ! TYP 

Power Supply Current 

60 Hz Input 

Frequency 

mA 

Logical High 

Logical Low 

Brightness Control Range 

% of Digit Time 

Determined by External R and C, 

(Figure 2) 

Hz 
v 
v 

% 

Multiplex Oscillator Frequency Input Determined by External R and C, 

(Figure 2) 

kHz 

functional description 
A block diagram of the MM5375XX series of clocks 
is shown in Figure 1. The display modes are listed i.n 
Table I. The functions of the setting controls are listed 
in Table II. The following discussions are based on 
Figure 1. 

60 Hz Input (Pin 11): A shaping circuit is provided to 
square the 60 Hz input (50 Hz optional). This circuit 
allows use of a filtered sinewave input. The circuit is a 
Schmitt trigger that is designed to provide 8bout 3V of 
hysteresis. The shaper output drives a counter chain 
which performs the timekeeping function. 

Time Setting Inputs (Pins 9 and 10): The time setting 
control functions are affected by the application of Vss 
to these 2 pins, which are internally pulled to the power 

1-22 

supply. Activating Fast Set (pin 10) causes the minutes 
counter to advance at a 60 Hz rate, thus clocking the 
hours counter at a rate of 1 hour per second. Slow Set 
(pin 9) advances the minutes counter at a rate of 2.min
Utes per second. Activating either Fast Set or Slow Set 
resets the seconds counter to zero. When Fast Set and 
Slow Set are activated simultaneously, all counters are 
reset to 12:00 p.m. and remain in that count until Slow 
Set is deactivated. The 2 time setting inputs affect only 
the counters that are displayed (either the timekeeping 
counters or the alarm counters). 

8-Segment Test (Pin 24): For testing purposes, all 
8-segment output lines may be activated by connecting 
pin 24,(S10 digit output) to Vss-

v 
v 
\I 

µA 

1 

! 

I 
I 
J 



functional description (Continued) 

Brightness Control (Pin 21 ): In LED applications, 
brightness of the display may be varied by use of an 
external time constant. This time constant is used in the 
integrated circuit to control the pulse width or duty 
cycle of the 6-digit enable outputs, (Figure 2). In gas 
discharge applications, connect as shown in Figure 3. 

Activity lndi.cation (Pin 23): When all 6 digits are being 
used, it is not necessary to blink the colon to indicate 
operation of the clock, because the seconds digits pro' 
vide this information. When only 4 digits are in use, the 
S1 digit (pin 23) may be connected to Vss. In this case, 
the coion flashes at a 1 Hz rate. 

Multiplex Frequency (Pin 20): Applying an external 
time constant to this pin allows the multiplex frequency 
to be adjusted, (Figure 2). 

Power Failure Indication: If the power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of clock,. the AM or PM and colon indi
cator will flash at a 2 Hz rate. If power drops completely, 
the clock will reset itself (on resumption of power) to a 
legal state, and the AM or PM and colon indicators will 
flash at a 2 Hz rate. In addition to the flashing AM or 
PM and colon indicator, if a power failure occurs when 
alarm "OFF" (pin 7) is at V[)o (logical "O"). the.alarm 
output will be activated (non-activated optional). A 
logical "1" (Vssl on pin 7 will deactivate the alarm 
signal. 

8-Segment Outputs (Pins 13-19 and 22): These outputs 
contai~ multiplexed information for the display of 
7-segment numerical readouts. The 8th segment is for 
the activation of AM/PM and colon(s) as included in the 
gas discharge displays for which these outputs are 
designed. 

4-Digit Operation: Connect pin 23 to Vss-

Digit Enable Outputs (Pin 1-4. 23 and 24): These 
outputs are used to ·select the 6 digits and are syn
chronized with the segment outputs. If pin 23 is 
grounded, segment outputs will be blanked during the 
scanning of the seconds digits. 

Auxiliary Counter: Alarm Counter Option: In this 
option, the auxiliary counter is programmed and used as 
an alarm counter. Pin 6 serves as both alarm display and 
snooze input pin. Alarm counter is displayed when pin 6 
is held at Vss- Alarm setting (Table 11) is done using 
alarm display, Fast Set (pin 10) and Slow Set (pin 9). 
If the alarm "OFF" input (pin 7) is open and whenever 

the real time matches with the alarm time, the alarm 
comparator sets the alarm latch. This latch activates the 
alarm output (pin 8). The alarm will remain activated 
until the alarm "OFF" input is connected to Vss 
temporarily. This readies the alarm latch for next com
parison. To deactivate the alarm output for more than 
24 hours, the alarm "OFF" input is held at Vss for 
that long. ·when the alarm output is active, connecting 
pin 6 to Vss will interrupt the alarm signal for 6 to 8 
minu.tes (snooze function). 

Auxiliary Counter: Date Counter Option: In this option, 
the auxiliary counter is programmed and used as a 
month and day counter. The day counter counts up to 
31 days and increments the month counter. The day 
counter rolls over from 31 to 1. The month counter 
counts up to 12 and rolls over to f. The date counter 
can be displayed by connecting date display (pin 6) to 
Vss- The effects of Fast and Slow Set controls are 
shown in Table 11. In this option, do not use the alarm 
output (pin 8). 

Auxiliary Counter: Timer· Option: In this option, the 
auxiliary counter is programmed and used as a timer 
counter. When the display pin 6 is connected to Vss. 
the elapsed time from the previous setting is displayed. 
The following sequence describes the use of the product 
as a minute (or seconds) timer. 

1. Hold display pin 6 at Vss. 
2. Hold both Fast and Slow Set controls at Vss-

Note: This will reset the timer counter to 12:00 in 
12-hour mode and 00:00 in 24-hour mode. 

3. Release both the Fast and Slow Set controls simul
taneously. 
Note: The timer counter starts counting minutes 
(or seconds). 

4. If it is required to monitor elapsed time continuously, 
retain the display pin 6 at Vss- Otherwise, release 
pin 6. 

5. Elapsed time can be displayed any time by holding 
pin 6 at Vss-

In this option, the clock can be used for up to 12 hours 
(12 minutes in seconds timer) of elapsed time in 12-hour 
mode and 24 hours (24 minutes in seconds timer) of 
elapsed time in 24-hour mode. The effect of Fast and 
Slow Set controls are listed in Table II. In these options, 
do not use the alarm output (pin 8). 

Accuracy of Elapsed Time: Elapsed time = displayed 
time± 1 minute (or second). 

TABLE. I. Display Modes 

SELECTED 
DIGIT NO. 1 DIGIT NO. 2 DIGIT N0.3 DIGIT N0.4 DIGIT NO. 5 DIGIT NO. 6 

DISPLAY MODE 

Time Display 1 O's of Hours UnitS Hours 1 O's of Minutes Units Minutes 1 O's of Seconds Units Seconds 

Alarm Display 1 O's of Hours Units Hours 1 O's of Minutes Units Minutes i/> i/> 
Date Display Month Month Date Date i/> i/> 
Minute Timer Display 10's of Hours Units Hours 1 O's of Minutes Units Minutes i/> i/> 
Second Timer Display 1 O's Of Mi,nutes Units Minutes 1 O's of Seconds Units Seconds i/> i/> 

s: s: 
CJ'I 
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functional description (Continued) 

Vss 
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Voo 
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TABLE II. Setting Control Functions 

CONTROL 
INPUT 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

MULTIPLEX 
OSCILLATOR 

PREStALE 
CDtlNTER 

TlME t.Uppb 
MINUTES 
COUNTER 

ALARM 
COMPAflATDR 

PUl5EWIDTH 
MODULATOR CIRCUIT 

CONTROL FUNCTION 

Minutes advance at 2.0 Hz rate and seconds are 
held at a reset (00) condition 

Minutes advance at 60 Hz rate and seconds are 
held at a reset (00) condition 

Time resets to 12:00:00 p.m. (12-hour mode) 
or 00:00:00 (24-hour mode) 

Alarm minutes advance at a 2.0 Hz rate 

Alarm minutes advance at a 60 Hz rate 

Alarm resets to 12:00 p.m. ( 12-hour mode) 
or 00:00 (24-hour mode) 

Date advances at a 2.0 Hz rate 

Date advances at a 60 Hz rate 

Date counter resets to 12:00 

Minutes (auxiliary counter) advance at a 
2.0 Hz rate 

Minutes (auxiliary counter) advance at a 
60 Hz rate 

Timer counter resets to 12:00 (12-Hour mode) 
or 00:00 (24-hour mode) 

Seconds (auxiliary counter) advance at a 
2.0 Hz rate 

Secon_ds (auxiliary counter) advance at a 
60 Hz rate 

Timer counter resets to 12:00 !i2-hour mode) 
or 00:00 (24-hour mode) 

MULTIPLEXED 
CODE 

CONVERtER 
ANO 

OUTPUT 
DRIVERS ' ) MUL TIPlEXEO 

7.SEGMENT 
CATHODE 
DRIVE OUTPUTS 

f 

' ,,,, 

FIGURE 1. Block Diagram 
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functional description (Continued) 
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FIGURE 2 
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Note. LED interface - common cathode LED's (NSN74R) can 
be interfaced with MM5375AB by using two DM75491 segment 
drivers·, one DM75492 digit driver, eight 150.Q, 1.0W resistors 
and a 1 OV power supply. 
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FIGURE 3. Typical Application 
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functional description (Continued) 

MULTIPLEX 
TIMING INPUT 

BRIGHTNESS 
CONTROL 

INPUT 

DIGIT NO. 6 
UNIT SECS. 

DIGIT ND. 4 
UNIT MINS. 

DIGIT NO. 2 
UNIT HOURS 

DIGIT NO. 5 

10'S OF SECS. r-+-+--+-----------' 
DIGIT NO. 3 

10"S OF MINS. 

DIGIT NO. 1 
1o·s OF HOURS r-+--+---+--------------------' 
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BTH r-+--+---+-~ 
SEGMENT 

FIGURE 5. Output Timing Diagram 
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Clocks 

MM5376XX series clocks 

general description 

• Brightness control capability 

• No illegal time display at turn-on 

MM5376XX series clock is a monolithic MOS integrated 
circuit utilizing P-channel, low threshold, enhancement
mode and ion-implanted depletion-mode devices. It 
provides all the logic required to give a 4 or 6-0igit 
12-hour or 24-hour display from. a 50 or 60 Hz input. 
An aux ii iary counter allows various options. Available 
options have been listed under features. Power failure 
indication is provided to inform the user that incorrect 
time is being displayed. Setting time cancels. this indica
tion. MM5376XX is available in a 24-lead dual-in-line 
epoxy package. 

• Simple interface to gas discharge displays and LED's 

features 

• 50 or 60 Hz operation 

• Single power supply 

• Low power dissipation 

• All counters resettable 

• Fast and slow set controls 

• Power failure indication 

connection diagram 

I MIN 

tOMIN 2 

DIGIT l 1 

OUTPUTS 1 HA 

NC 

IDHRS 

Von 

AUX COUNTER DISP 

ALARM "DFF" 

ALARM OUT 

SLOW SET 
10 

FAST SET 
11 

50/&0HzlN 
12 

50/60 Hz SEL 
13 

Vss " 

Dual-In-Line Package 

TOP VIEW 

28 10SEC} DIGIT 

27 1 SEC OUTPUTS 

26 8TH SEG OUT 

25 NC 

l4 BIRGHTNESS CON 

ZJ MUX OSC 

2) 

21 c 

20 A 

,, 
SEGMENT 

18 NC OUTPUTS 

17 

16 

15 

Note 1: 50 Hz input at pin 12 connect pin 13 to Voo
Note 2: 60 Hz input at pin 12 connect pin 13 to Vgg. 

Order Number MM5376XXN 
See Package 23 

• Internal digit multiplex oscillator 

• Leading zero blanking 

• Activity indicator 

• 4 to 6-digit operation 

• Available options t 

application 

• Afarm clocks 

• Desk clocks 

• Automobile clocks 

• Industrial clocks 

• Two time zone clocks 

• Date clocks 

• Minute timer clocks 

• Seconds timer clocks 

available options tablet 

FEATURE FUNCTION 
AA 

Input Frequency 60Hz . 
50 Hz . 

Time Display 12-Hour . 
24-Hour 

Auxiliary Counter Alarm Counter . 
Date Counter 
Minute Timer 

Second Timer 

Alarm Signal Tone* . 
DC Level 

Alarm Output Modulated at 2 Hz . 
Not Modulated 

Alarm at Power Failure ""ON" • 
"OFF"" 

Segment' Output Polarity Vss for Display 

voo for Display . 
AM or PM lndicatio"n "OFF" During . 

Time Display 

Displayed at 

All Times 

8th Segment Blanked Yes 

During·Alarrn Display No . 
*Tone is '16 multiplex frequency 
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OPTION NAME 

AB AO AE AG AH 

• . . . . . . . . . . . . . . . . 
• . . . NIA N/A . N/A 

N/A N/A N/A 

• N/A N/A . NIA 

N/A N/A· NIA . NIA N/A . NIA 

N/A NIA N/A . . . . . . N/A 

. NIA . . 
NIA NIA N/A 

• NIA NIA . N/A 

Ill 
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absolute maximum ratings 

Voltage at Any Pin 
Voltage at Any Display Output Pin 
Operating Ti!mperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

electric a I characteristics 

Vss + o.3V to Vss- 30V 
Vss + 0.3V to Vss- 55V 

-25°C to +70°C 
-65°C to +150°C 

300°C 

TA within operating range, Vss = OV, Voo =-av to-29V unless otherwise specified. 

PARAMETER 

Power Supply Current 

50/60 Hz Input Frequency 

Logic High 

Logic Low 

Brightness Control Range % of 

Digit Time 

Multiplex Oscillator Frequency Input 

All Other Input Voltages 

Logic High Level 

Logic Low Level 

Power Failure Detect Voltage 

Output Current Levels 

Digit Select Outputs 

Logic High, Source 

Logic Low, Leakage 

Segment Outputs 

Logic High, Source 

Logic Low, Leakage 

Alarm Output 

Logic High, Source 

Logic Low, Sink 

functional description 

CONDITIONS 

Excluding Outpu.ts 

Determined by External R and C 

(Figure 2) 

Determined by External R and C , 

(Figure 2) 

(VDD Voltage) 

VDD=-21Vto-29V 

Vss= OV 

VOH = V5s -.5.0V 

VoL = Vss- 45V 

VoH = Vss - 5.0V 

VoL = Vss - 45V 

VoH = Vss- 2.0V 

VoL = VDD + 2.0V 

MIN 

be 
Vss-1.0 

0 

DC 

Vss-1.0 

-1.0 

8.0 

2.0 

1.5 

1.0 

TYP 

60/50 

voD 

vss 

VDD 

MAX 

8.0 

10k 

Vss 

Vss-15.0 

95 

10 

Vss 

Vss-15.0 

-a.o 

40 

10 

UNITS 

mA 

Hz 

v 

v 

% 

kHz 

v 
v 
v 

mA 

µA 

mA 

µA 

mA 

µA 

A block diagram of the MM5376XX series of alarm 
clocks'is shown in Figure 1. The two display modes are 
listed, in Table I. The functions of the setting controls 
are listed in Table 11. The following discussions are 
based on Figure 1. 

allows use of a filtered sinewave input. The circuit is a 
Schmitt trigger that is designed to provide about 3.0V 
of hysteresis. The shaper output drives a ,counter chain 
which performs the timekeeping function. 

50 or 60 Hz Input (Pin 12): A shaping ci.rcuit is pro: 
vided to square the 50 or 60 Hz input. This Circuit 

1·28 

50 or 60 Hz Select (Pin 13): 50 or SO Hz input at pin 
12 is selected by pin 13. 50 Hz operation is selected by 
connecting pin 13 to VDD (pin 6} and 60 Hz operation 
is selected by connecting pin 13 to Vss (pin 14). 



functional description (Continued) 

Time Setting Inputs {Pins 10 and 11): The time setting 
control functions are affected by the application of Vss 
to these two pins, which are internally pulled to the 
power supply. Activating Fast Set (pin 11) causes the 
minutes counter to advance at 50 or 60 Hz rate, thus 
clocking the hours counter at a rate of one hour per 
second. Slow Set (pin 10) advances the minutes counter 
at a rate of 2 minutes per second. Activating either Fast 
Set or Slow Set resets the seconds counter to zero. When 
Fast. Set and Slow Set are activated simultaneously, all 
counters are reset to 12 :00 p.m. and remain in that 
count until Slow Set is deactivated. The two time setting 
inputs affect only the counters that are displayed (either 
the timekeeping counters or the alarm counters). 

8-Segment Test (Pin 28): For testing 'purposes, all 8-
segment output lines may be activated by connecting 
pin 24 (S10 digit output) to Vss. 

Brightness Control {Pin 24): In LED applications, 
brightness, of the display may be varied by use of an 
external time constant. This time constant is used in the 
integrated circuit to control the pulse width or duty 
cycle of the 6-digit enable outputs (Figure 2). In 
gas discharge applications, connect as shown in Figure 3. 

Activity Indication (Pin 27): When all 6 digits are being 
used, it is not necessary to blink the colon to indicate 
operation of the clock, because the seconds digits 
provide this information. When only 4 digits _are in use, 
the S1 digit (pin 27) may be connected to Vss. In this 
case, the colon flashes at a 1.0 Hz rate. 

Multiplex Frequency (Pin 23): Applying an external 
time constant to this pin allows the multiplex frequency 
to be adjusted. See Figure 2. 

Power Failure Indication: If the power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of clock, the AM or PM and colon 
indicator will flash at a 2.0 Hz rate. If power drops 

. completely, the clock will reset itself (on resumption of 
power) to a legal state, and the AM or PM and colon 
indicators will flash at a ;!.O Hz rate. In addition to th~ 
flashing AM or PM and colon indicator, if a power 
failure occurs when ·alarm "OFF" (pin 8) is at VDD 
(logic "0"), the alarm output will be activated (non
activated optional). A logic "1" (Vssl pn pin 8 will 

· deactivate the alarm signal. 

8-Segment Outputs (Pins-15-17, 19-22'and 26): These 
outputs contain multiplexed information for the display 
of 7-segment numerical readouts. The eighth segment 
is for the activation of AM/PM and colon(s) as included. 
in. the gas discharge displays for which these outputs are 
designed. 

4-Digit Operation: Connect pin 23 to Vss. 

Digit Enable Outputs (Pins 1-3, 5, 27 and 28): These 
outputs are used to select the 6 digits and are synchron
iied with the. segment outputs. If pin 27 is grounded, 
segment_ outputs will be blanked during the scanning of 
the seconds digits. 

Auxiliary Counter, Alarm Counter Option: In this 
option, the auxiliary counter is programmed and used as 
an alarm counter. Pin .7 serves as both alarm display and 
snooze input pin. Alarm counter is displayed when 
pin 7 is held at Vss- Alarm setting (Table II) is 
done using Alarm Display, Fast Set (pin 11) and Slow 
Set (pin 10). If the alarm "OFF" input (pin 8) is open 
and whenever the real time matches with the alarm time, 
the alarm comparator sets the alarm latch. This latch 

. activates the alarm output (pin 9). The alarm will 
remain activated until the alarm "OFF" input is con
nected to Vss temporarily. This readies the alarm 
latch for next comparison. To deactivate the alarm 
output for more than 24 hours, the alarm "OFF" input 
is held at Vss for that long. When the alarm output is 
active, connecting pin 7 to Vss will interrupt the alarm 
signal for 6 to 8 minutes (snooze function). 

TABLE I. Display Modes 

SELECTED 
DIGIT N0.1 DIGIT NO. 2 DIGITN0.3 DIGITN0.4 DIGIT NO. 5 DIGITN0.6 

DISPLAY MODE 

Time Display 10's of Hours Uni,ts Hours 10's of Minutes Vnits Minutes 1 O's of Seconds Units Seconds 

Alarm Display 10's o~ Hours Units Hours 10's of Minutes Units Minutes <I> <I> 

Date Display Month Month Date Date <I> <I> 

Minute Timer Display 1 O's of Hours Units Hours 1 O's of Minutes UnitS Minutes <I> </> 
Second Timer Display 10's of Minutes Units Minui:es 1 O's of Seconds Uni'ts Seconds <I> <I> 

• 

l-2g 
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functional description (Continued) 

Vss 
o--+ 

Voo 
o--+ 

MULTIPLEX 
TIMING 

INPUT 

-·· SELECT 

5D/6Gftz 
INPUT 

SLOW SET 
o--+ 

FAST SET 
o--+ 

ALARM 
OUTPUT 

ALARM OFF 
INPUT 

AUXILIARY 
COUNTER 

DISPLAY 

BRIGHTNESS 
· CONTRDl 

INPUT 

SELECTED DISPLAY 
MODE 

Time Display 

' 

Alarm Display 

Date Display 

Minute Timer Display 

Second Timer Display 

SHAPING 
CIRCUIT 

SECONDS 
COUNTER 

CONTROL 
CIRCUITS 

TABLE II. Setting Control Functions 

CONTROL 
INPUT 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

Slow 

Fast 

Both 

Slow 

Fast. 

Both 

Slow 

Fast 

Both 

TIME 
MINUTES 
COliNlEA 

MULTIPLEX 
OSCILLATOR 

PULSEW1DTH 
MODULATOR CIRCUIT 

CONTROL FUNCTION 

Minutes advance at 2.0 Hz rate and seconds are 
held at a reset (00) condition 

Minutes advance at 60 Hz rate and seconds are 
held at a reset (00) condition 

Time resets to 12:00:00 p.m. (12·hour mode) 
or 00:00:00 (24-hour mode) 

Alarm minutes advance at a 2.0 Hz rate 

Alarm minutes advance at a 60 Hz rate 

Alarm resets to 12:00 p.m. (12-hour mode) 
or 00:00 (24-hour mode) 

Date advances at a 2.0 Hz rate 

Date advances at a 60 Hz rate 

Date counter resets to 12 :00 

Minutes (auxiliary counter) advance at a 
2.0 Hz rate 

Minutes (auxiliary counter) advance at a 
60 Hz rate 

Timer counter resets to 12:00 (12-Hour mode) 
or 00:00 (24-hour mode) 

Seconds (auxiliary counter) advance at a 
2.0 Hz rate 

Seconds (auxiliary counter) advance at a 
60 Hz rate 

Timer counter resets to 12:00 (12-hour mode) 
or 00:00 (24-hour mode) 

MULTIPLEXED 
CODE 

CONVERTER 
AND 

OUTPUT 
DRIVERS 

10'sHRS } 
HRS 

1D'sMINS :~G~~E 
MINS DRIVE 

10'1 SECONDS OUTPUTS 

SECONDS 

' ) MULTIPLEXED 
HEGMENT 

a CATHODE 
DRIVE OUTPUTS 

I 

' ... 

FIGURE 1. Block Diagram 
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functional description (Continued) 

150k 

Vss ' / 
~ 

~ ~ 

~ ~ 

v55 = ov 
Voo = ~21V to -29V 

20k 

Vss 
MUX. TIMING 

SLOW SET l 
RESET 

FAST SET 

ALARM SET (AND DROWSE) 

ALARM OFF 

Voo 

LINE 
FRED. . b ' d ' 

Von 

BRIGHTNESS CONTROL 
INPUT OR MUL TlPLEX 

FREOUENtV INPUT 

j 50k 

T 
Vss 

FIGURE 2 

ALARM 
BRIGHTNESS OUT 

MM5376AA 

AM/PM ~-

COLON 
f g 10Dk (X6l 

JL 
11_ 

R:-

~ 
200 

10k £? 

"'.oo 

[ ' 
10H H 10M " 10S 

s J GAS DISCHARGE DISPLAY AM/PM 
b ' d ' f g COLON 

toMX7 

..._+--+---+--+---+~1--+-~~~--;JL1--~-+--+--+-+-----it---+-+--+-'Wv .... 
II 

JL 
11 

-H 
.----+--1---+-~~~~~1~1--~-+--+----+---+~>-----+--+--~""'-' .... 

..._+--+-~J+L--,-~~~~+--t---+--+-+-----it---..._-+-"Mr~ 
11 Jl 1DM 

..._+-~~~-----i!--~-+----+---+-+~t---+--+--+-'NI< .... 
O.OSµF I I 

@150V (XB) 

-40V TOO---------<l>--+----<l>--+-+---e--+~ 1N914(XB) 
-50V 20k IX8) 

• lJk , ~ -150VTO 

Note. LED interface - common cathode LED's (NSN74R) can 
be interfaced with MM5376AB by using two DM75491 segment 
drivers, one DM75492 digit driver. eight 150 .n, 1.0W resistors 
and a 1 OV power supply. 

_.... JJ 4.7k -190V 
..,.. 2N5DB7 

1.0µF/~OV 820 

Vss o--!j 1~-+---------' 

LINE 
FREQUENCY 

INPUT 

FIGURE 3. Typical Application 

FIGURE 4. 50 or 60 Hz Shaping Circuit 
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functional description (Continued) 

MULTIPLEX 
TIMING INPUT 

BRIGHTNESS 
CONTROL 

IMPUT 

DIGIT N0.6 
UNIT SECS. 

DIGIT N0.4 

UNIT MINS. ----"'-' 

DIGIT NO. 2 UNITHOURS ________ ___, 

DIGITN0.5 

10'SOF SECS. -------------.. 

DIGIT N0.3 

10'SDfMINS. --------------"---_. 

DIGIT N0.1 

1D'SDFHDURS ----------------------' 

ANY 
SEGMENT 8TH _____ __ 

SEGMENT 

FIGURE 5. Output nmif19 Diapam 
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MM5377 auto clock 

general description 

The MM5377 Auto Clock is a monolithic MOS integrated 
circuit utilizing P-channel. low-threshold, enhancement 
mode and ion-implanted depletion mode devices. The 
circuit interfaces directly with liquid crystal 4 digit 
displays and fluorescent tubes. The display format is 
12 hours with leading-zero blanking and colon indication. 
A voltage sensitive output is provided that drives an 
energy storage network which performs as a voltage 
doubler/regulator. The circuit uses a 2 MHz crystal 
oscillator as the reference time base and is packaged in 
a 40 lead dual-in-line package. 

features 

• · Crystal controlled oscillator (2.097152 MHz) 
• 12 hour display format 
• Colon output 

block and connection diagrams 

VOLTAGE CONVERTOR COlilVERTDR 
fosc/2 MONITOR CONTROL DRIVE 

SET MINUTES o--....r-;,;;-1+----~ 

SETHOURS ~-~---

IGNITION~ 
~ 

HST ~-..run..,-, 

MODE 
.SELECT 

HOURS 
SEGMENTS 

FIGURE 1. 

111'SMIN 
SEGMENTS 

Clocks 

• Leading zero blanking 
• Hours and minutes set controls 
• Crystal tuner· output 
• Volta!je doubler control output 
• Elimination of illegal time display at turn-on 
• Direct interface to liquid crystal display 
• Direct interface to fluorescent tubes 
• Low standby power dissipation 

applications 

• Automobile .clocks 
• Des~ clocks 
• Portable clocks 
• High accuracy clocks 

Dual-In-Line Pac"-

LX BACKPLANE IGNITION INPUT 

10HOURS SET HOURS 

HOURS Al v .. 
HOURS Fl SETMl,.UTES 

HOURS GI MODE SELECT 

HOURS El TIME TEST INPUT 

HOURS DI OSC1 

HOURS Cl 'osc2 . 
HOURSB1 Fosc:/2' 

COLON VOLTAGE CONVERTER 
CONTROL 

Hl MINUTES A2 v •• 
10MINUTESFZ CONVERTER DRIVE 

10 MINUTES G2 NC 

10 MINUTES E2 v .. 
10 MINUTES 02 VOL TABE MONITOR 

tQMINUTESC2 NC 

1DMINUT£SB2 MINUTES 03 

MINUTES F3 MINUTESC3 

MINlfTESG3 MINUTES 83 

Ml,NUTESEJ MINUTESA3 

TOP VIEW 

Order Number 5377N 

MINUTES 
SEGMENTS 

See Package 24 

FIGURE 2. 
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abso.lute maximum ratings 

Voltag~ at Voo Pin Vss + 0.3V to V55 -30V 
Voltage at Any Pin Vss + 0.3V to V55 - 24V 
Operating Temperature -40°C to +85°C 

Storage Temperature --65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrica I characteristics 
tA within operating range, V55 = +9V to +20V, V 00 = OV, V00 = -10V, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (Vss) Outputs and OSC Operational 8 18 20 v 
Power Supply Voltage (V00 ) Outputs and OSC Operational --i3 -8 -10 v 

Power Supply Voltage (V55 ) No Loss of Time Memory 5 18 20 v 
Power Supply Voltage (V55 ) Ignition Open 7 9 .20 v 
Power Supply Voltage (Vool Ignition Open 0 v 
Power Supply Current (1 55 ) Ignition Open 1 3 5 mA 

Input Frequency osc 1 DC 2.097152 2.1 MHz 

Frequency of Outputs Liquid Crystal Display 32 Hz 
f1N = 2.097152 MHz 

OUTPUT CURRENTS 

Display Segments V55 = +18V 
-Source Current VouT = Vss -1V 200 µA 
Sink Current VouT = Vss - 17V 200 µA 

Display Colon and lO's Hours Vss = +18V 
Source Current VouT = Vss - 1V 400 µA 
Sink Current VouT = Vss -17V 400 µA 

Display Backplane Vss = +18V 
Source Current VouT = Vss -1.2v 4 mA 
Sink Current VciuT = Vss - 16.8V 4 mA 

Convertor Drive Output. Vss = +10V 
Source Current VouT = Vss - 6V 500 µA 
Sink Current VouT = Vss-' 8V 100 µA 

FOSC/2 Source Current V55 = +18V 

VouT = Vss -2V 200 µA 

Voltage Monitor Zener= 16V 
Source Current 100 µA 
Trip Point 17 18 19 v 



functional description 

A block diagram of the MM5377 auto clock is shown in 
Figure 1. A connection diagram is shown in Figure 2. 
Unless otherwise indicated, the following discussions are 
based on Figure 1. 

Oscillator 1 (Pin 34) and Oscillator 2 (Pin 33) 

A quartz crystal, resonant at 2.019752 MHz, two 
capacitors and one resistor, together with the internal 
MOS circuits form a crystal controlled oscillator as 
shown in Figure 3. Varying one of the capacitors 
allows precise frequency setting. For test purposes, OSC 
.1 is the input and OSC 2 is the output of an inverting 
amplifier. 

FOSC/2 (Pin 32) 

FOSC/2 is the output of the first divide-by-two stage. 
This output allows frequency tuning of the crystal 
oscillator without adding any additional capacitance to 
the oscillator circuit. 

Set Hours (Pin 39) and Set Minutes (Pin 37) 

Set Hours will advance the hours at a 1 Hz rate when 
the input is held at VDD. While setting hours, the minute's 
counter may also advance the hours count. Set Minutes 
will advance the minutes at a 1 Hz rate, hold the internal 
seconds counter reset and cause the colon to blink at 
1 Hz rate when the input is held at VDD· Depressing 
both switches at the same time shall cause the clock to 
initiate a hold and not advance until the switches are 
released. 

Mode Select' (Pin 36) 

Mode Select determines the shape of the output wave 
form as shown in Figure 4. With the input open or at 
VDD• the output wave form is a 32 Hz square wave. 
Segments to be energized have the 32 Hz square wave 
180° out of phase with respect to the backplane 32 Hz 
square wave. Segments not to be energized have their 
outputs in phase with the backplane output. With the 
mode select input at V55 , the outputs are at a constant 
level. Segments to be energized are at V55 , and segments 
not to be energized are at V DD. 

Time Test Input (Pin 35) 

Time Te;t Input causes the circuit to cycle through a 
12 hour period using an internal clock of 65536 Hz 
instead of 1 Hz to increment the seconds counter when 
the input is at V55 . The input also causes the mode of 
the outputs to change from 32 Hz square wave to 
constant levels. 

Ignition Input (Pin 40) / 

The Ignition Input enables setting of the clock using the 
set hour or set minute inputs, and enables the drive to 
the· display and the voltage doubler. When the input is 
at a voltage greater than 50 percent of the V ss supply 
the time set, display and voltage doubler are enabled. 
When the input is open circuited or at V DD, the time set, 
display and voltage doubler are disabled. The display 
outputs and backplane drive are held to VDD when the 
display is disabled. This input does not affect the accu
racy of the time ke~ping logic in any manner. 

Voltage Converter Control (Pin 31) 

The Voltage Converter Control input enables the voltage 
doubler to operate regardless of the state of the ignition 
input when it is at V DD. When the input is open 
circuited or at Vss, the voltage doubler is controlled by 
the ignition input. 

Output Circuits 

The Converter Drive output and all display outputs are 
push-pull stages with sources common to Vss (Pin 27) 
and drains common to VDo (Pin 38) as shown in 
Figure 5. FOSC/2 output is a open-drain stage with the 
source common to Vss as shown in Figure 6. Figure 8 
illustrates the interfacing between the clock and a liquid 
crystal display and the clock and fluorescent tubes. 
When driving fluorescent tubes, V GG can be connected 
to VDD· 

Converter Drive (Pin 29) and Voltage Monitor (Pin 26) 

The Converter Drive output oscillates at 65.636 kHz. 
The duty cycle of the wave depends on the state of the 
Voltage Monitor input pin as shown in Figure 7. With 
Vss on the input pin, the duty cycle of the output wave 
is 50%, which enables the voltage doubler. Once the 
input pin is a few volts above the zener breakdown 
voltage of its' zener diode (Figure 8), the duty cycle of 
the output is 0% or held at V DD, which disables the 
voltage doubler. Therefore, the duty cycle of the output 
wave form varies from 50% to 0% as th.e voltage at the 
voltage monitor input pin varies. Therefore, the voltage 
to the chip is regulated about 2V above the zener break
down voltage. 

Colon Output (Pin 10) 

The colon output indicates the clock is counting by 
blinking at a 1/2 Hz rate. When setting minutes, the 
colon blinks at 1 Hz rate. 

II 



" " M typical applications 
LO 

~ 
~ 

LX BACKPLANE 
(32 Hi SOUAREWAVE) 

ON SEGMENT 

v~ 
OFF SEGMENT 

O{DATA) 

' 

I 
I 
I 
I 

MOS CIRCUIT 

TO 
.-~..----. ... DIVIDER 

CIRCUITS 

FIGURE 3. Crystal Oscillator 

FIGURE 4. Output Timing Diagram 

v,, 

FIGURE 5. Push·Pull Output Circuit 

D(DATA)-ftV~ 
Foscl2 

Voo OUTPUT 
(OPEN DRAIN) 

FIGURE 6. Open Drain Output Circuit 
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typical applications (con't) 

VOLTAGE Vss -LO_G_IC_O-NE-........_ 
MONITOR Vco _:;=-='-----'=---__,....__/'-. 

IGNITION Vss __j 
INPUT v,,,, 

CONVERTER DRIVE 
OUTPUT (65 kHz) 

FIGURE 7. Operation of Converter Drive 

,,,,, 

LIQUID CRYSTAL DISPLAY 
OR 

FLUORESCENT TUBES 

MM5377 

2mH 

BATTERY 0-+;_.rv'V'll"'l..-;~-<I-----< t----<p--;..--..... 

27V 

t; 
IURS 

22M 

Z.09MHz 

6-ZOpF 

GND0------<.._--<._-----41------... --.... ---'---' 

IGNITION 0------------------'VVV--------------
100k 51 OPEN LC DISPLAY 

81 CLOSED FT DISPLAY 

FIGURE 8. Typical Application 
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Clocks 

MM5378, MM5379 auto clocks 

general description 
• Leading-zero blanking 

• Hours and minutes set controls 

• Brightness control capability 

• No illegal time display at turn-on 

The MM5378 and the MM5379 auto clocks are 
monolithic MOS integrated circuits utilizing P-channel 
low-threshold, enhancement mode and ion-implanted 
depletion mode devices. The MM5378 circuit interfaces 
with vacuum fluorescent 4-digit displays. The MM5379 
circuit interfaces with gas-discharge 4-digit displays. 
The display format is 12 hours with leading-zero 
blanking and colon indication. .The time keeping 
function operates from a 2 MHz crystal controlled or 
externally applied source. 

• Simple interface to vacuum fluorescent and gas 
discharge displays 

• Low standby power dissipation 

applications 
features 

• Automobile clocks 
• Crystal-controlled oscillator (2.097152 MHz) • Desk clocks 
• 12-hour display format 

• Blinking colon output 

connection diagram 

block diagram 

BRIGHTNESS 
INPUT 

"ss a--+-

"ooo--+ 

LEVEL 
DETECTOR 

• Portable clocks 

• High accuracy clocks 

Dual-In-Line Package 

MUL TtPLEXED { b 2 
SEGMENT c 
OUTPUTS . 

COLON 

DSC 2 

osc t 

BRIGHTNESS 1 
INPUT 

DIGIT ENABLE { Ml B 

OUTPUTS f.tlD g 

MM5378 QR 
MM5379 

TOP VIEW 

'' ] d 

17 
' . MULTIPLElCW 

16 SEGMENT 
t OUTPUTS 

15 

' 14 . 
swrrcH IN 

13 
vaa 

12 "} Hl DIGIT ENABLE 
11 OUTPUTS 

HID 

ID Vss 

Order Number MM5378N 
orMM5J79N 

See Package 20 
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FIGURE 1. 
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absolute maximum ratings 
Voltage at Any Pin 
Voltage at Any Display Output or 

Switch Input Pin (MM5379 Only) 

Operating Temperature 
Storage Tern peratu re 
Lead Temperature (Soldering, 10 seconds) 

Vss + 0.3V to Vss - 25V 
Vss + o.3V to Vss- 55V 

-40°C to +85°C 
-65°C to +150°C 

300°C 

electrical characteristics TA within operating range, Vss = 9V to 20V, VoD = ov, unless otherwise specified. 

PARAMETER, CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (VSs) 

Power Supply Voltage (Vssl 

Power Supply Current (lssl 

Outputs and Osc. Operational 9 

5 

1 

20 v 

No Loss of \ime Memory 25 v 

Input Frequency (Osc. 1 or Osc. 2) 

Oscillator Input Voltage 

Logical High Level 

Logical Low Level 

No Output Loads 

(Note 1) 

de 2.097152 

Vss-1.5 

5 mA 

2.1 MHz 

Vss v 

Vss-5.5 v 

Switch In Voltage (MM5378) 

Logical High Level 

Logical Low Level 

Internal Depletion Device to 

Vss 

Vss-1.5 Vss 

VDD 

Vss v 

Vss-5 v 

Switch In Voltage (MM5379) 

Logical High Level 

Logical Low Level 

Internal Depletion Device to 

Vss 

Vss-5 Vss v 

Vss-25 v 

Output Currents (MM5378) 

Digit Outputs 

Logical High Level 

Logica I Low Level 

Segment Outputs 

Logical High Level 

Logical Low Level 

Output Currents (MM5379) 

Digit Anode Outputs 

Logical High Level 
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Note 1: Thes·e are the input levels required if an external oscillator input is preferred, using Osc. 2 {pin 5) as the input while holding Osc. 1 (pin 6) 
to V55. 

functional description 

A block diagram of the MM5378 and the MM5379 
auto clocks is shown in Figure 1. Connection diagrams 
for these devices are shown on the front page. Unless 
otherwise indicated, the following discussions are based 
on Figure 1. 

Crystal Oscillator: A quartz crystal, resonant at 
2.097152 MHz, two capacitors and one resistor, together 
with the internal MOS circuits form a crystal-controlled 
oscillator as shown in Figure 2. Varying one of the 
capacitors allows precise frequency setting. For test 
purposes, Osc. 1 is the input and Osc. 2 is the output 
of an inverting amplifier. 
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Time Setting: Time setting is accomplished via the 
switch input pin. If this input is a logic high during the 
M1 digit time, the minutes counter will advance at a 
2 Hz rate with no carry to hours .counter and will also 
cause seconds counter to reset. If the switch input is a 
logic high during the M10 digit time, the hours counter 
will advance at a 2 Hz rate, minutes and seconds counter 
will continue in real time. If the switch input is a logic 
high during H 1 digit time, seconds, minutes, and hours 
counters will reset to 12:00:00. If this input is a logic 
high during H10 digit time, a test mode will exist in 
which the minutes counter will advance at a 65.536 kHz 
rate with carry to hours counter (see Figure 3). An 
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functional description (Continued) 

Vss 

MOS CIRCUIT · 

TO 
~-------+ DIVIDER 

CIRCUITS 

FIGURE 2. Crystal Oscillator 

internal pull-up resistor to Vss provides normal time
keeping. 

Output Multiplex Operation: Outputs from the appro
priate internal counter are time divis.ion multiplexed at 
a 2048 Hz rate. The MM5378 and MM5379 provide 
12 outputs (4 digit-anode drive outputs plus 8 segment
cathode drive outputs). The additional "segment" drive 
is provided to accommodate displays which feature a 
colon. The colon output is switched at a 1/2 Hz rate to 
provide a blinking colon as a short-time indication that 
the clock is operating. 

When driving vacuum fluorescent displays which enclose 
more than one digit in a common gas envelope, it is 
necess;iry to either (1) inhibit the segment drive 

DIGIT ENABLE f";-l 
UNITMINS_J IVfl L...__..__ 

DIGIT ENABLE----~~--------UNIT HOURS ~ Hl L 

D'IGIT ENABLE-------~ 
TEN'SMINS ~ lVllU JL.-----

DIGIT ENABLE . r,;;1 
TEN'SHOURS_____j "'" l__ 

voltage(s) for a short time during inter-digit transitions, 
or (2) avoid physical adjacent inter-digit transitions. 
The MM5379 auto clock utilizes an interlaced output 
sequence and inter-digit blanking circuitry to prevent 
display arcing probl-ems. The digit sequence is: (1) digit 
no. 4 (unit r,ninutes), (2) digit no. 2 (unit hours), (3) digit 
no. 3 (ten's of minutes), (4) digit no. 1 (ten's of hours), 
etc. Blanking intervals are provided to recharge level
translating capacitors located in .the display segment 
drive lines (Figure 6). · Both segment d<ita and digit 
enables are blanked. Figure 4 is a timing diagram which 
illustrates output timing for the MM5379. Figure 5 is a 
timing diagram .which illustrates output timing for 
the MM5378. 

Brightness Control: Since display brightness is a func· 
tion of cathode segment current, a capability of inter· 
rupting this current for a variable percentage of the 
digit interva.1 results in a brightness control. Depending 
on the magnitude of the voltage applied, the digit 
"ON" time will vary from 0% to 100% of its possible 
period in 8 1/3% increments .. This is illustrated in 
Figures 4 and 5. 

Output Circuits: All display output drivers, both digit 
and Segment outputs, are open-drain enhancement 
devices (Figure 6). Thus, al I outputs are capable of 
sourcing currents while external pull-downs are required 
to sink currents. Figure 7 illustrates method of inter
facing these outputs to gas discharge displays. 
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MINUTES COUNTER UNAFFECTED. COLON BLINKING. 
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NORMAL TIME KEEPING. 
COLON BLINKING. 

NORMAL TIME KEEPING. 
COLON BLINKING. 

TIME SET ANO HELO AT 12:00:00. 
COLON HELD "ON"'. 

FIGURE 3. MM5378, MM5379 Setting Control Functions 
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functional description (Continued) 
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FIGURE 4. MM5379 Output Timing Diagram 
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FIGURE 6. Output Circuits 
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FIGURE 5. MM5378 Output Timing Diagram 
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functional description (Continued) 
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FIGURE 7. Typical Application for MM5379 
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Clocks 

MM5382, MM5383 digital calendar clock radio circuits 

general description 

The MM5382 and MM5383 digital calendar clock 
circuits provide the timing, control, and interface 
·circuitry for a minimum-cost, solid state, digital clock 
radio. 

The timekeep.ing function operates in either a 12-hour 
or a 24-hour mode. The MM5382 is the 12-hour version, 
and has a·month<lateformat;the MM5383 is the 24-ilour 
versi.on, and has a date:month format. 

Outputs consist of a presettable 59-minute sleep timer 
(e.g., a tiined radio turn-off) and an alarm tone. A power 
failure indication warns the user that the time displayed 
may be in error. 

Other features include: alarm display; brightness control; 
24-hour alarm set; PM indication; fast and slow set 
controls; and a 9-minute snooze alarm. (the MM5383 
has an alarm "ON" indicator.) Both circuits provide 
open drain outputs for the direct drive of LED displays 
to 15mA. 

features 

• 50 or 60 Hz operation 
• 12 hour, month-date (MM5382) or 24 hour, date

month (MM5383) display 
• PM indication (MM5382) 

connection diagrams 

NC 

PM 

NC 

BRIGHTNESS REF. OUTPUT 

ALARM OUTPUT 
~ 6 

SLEEP 0 UT PUT 

50160 Hz DRIVE 

ALARM ON/OFF 

ALARM DISPLAY, SET/SNOOZE 

SEQUENCE/SLEEP OISPLAY 

BRIGHTNESS REF. lt~iPUT lS 
16 

ALARM "ON' INDICATOR 

MIN-I 

MIN-g 

Dual-In-Line Package 

MM5382 

TDP VIEW 

Order Number MM5382N 
See Package 24 

MIN-e 

MIN -d 

MIN-c 

• Leading zero blanking 
• 24-hour alarm setting 
• Power failure indication (the word "OFF" i$ displayed 

in MM5382 and all "ON" digits blink in MM5383 
• Brightness control 
• Date display (4 year calendar) 
• Presettable 59-minute sleep timer 
• Alarm display 
• Fast and slow set sleep and alarm 
• 9 minute snooze alarm 
• Blinking colon 
• Alarm "ON" indication (MM5382 only) 
• Alarm tone output 
• No illegal time or date display at turn-on 

applications 

• Alarm clock 
• Desk clock 
• Clock radios 
• Stop watch 
• Industrial clock 
• Portable clock 
• Timer 
• Sequential controllers 

10 HRS-e 

BRIGHTNESS REF. OUTPUT 

ALARM OUTPUT 

SLEEP OUTPUT 

50/60 Hi DRIVE 

50/60 Hz SELECT 
10 

Vss 11 

Yoo 12 
DATE DISPLAY/ADVANCE 13 

ALARM ON/OFF 14 
ALARM ~JSPLAV,SETJSNOOZE 15 

SEQUENCE/SLEEP DISPLAY 16 
BRIGHTNESS REF. INPUT 

MIN-f 

MIN-g 

Dual-In-Line Package 

MM1i383 

TDPVIEW 

Order Number MM5383N 
See Package 24 

FIGURE 1 
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absolute maximum ratings 
Voltage at Any Pin except Segment, Vss +o.3v to Vss-2sv 

Colon, and PM 
Voltage at Segment, Colon, and PM Vss +o.3v to Vss -1ov 
Operating Temperature -25°C to +70°C 

Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Maximum Power Dissipation 1 Watt 
Electrical Characteristics 

TA withir:i Operating Range Vss = +18Vto +26V, VDD = ov, 
with specified output drive 

unless otherwise specified 

Functional Clock Voltage Vss = +sv to +26V, VDD = o 
(No output drive spec) 

electrical characteristics ' 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current No output levels 

Vss= av 4 mA 

Vss = 2sv 5 mA 

50/60 Hz Input 

.Frequency DC 50 or 60 30k Hz 

Voltage Vss= 1sv 

Logical High Level Vss-1 Vss Vss 

Logical Low Level VDD VDD VDD+1 

Switch Input Voltages 

(Date, Sequence, Alarm 

Enable, Alarm Display) 

Logical High Level Vss-1 Vss Vss 

Logical Low Level ( 1 ) Nominal Floating Level Vss-3 Float Vss-6 v 

Logical Low Level (2) VDo VDD VDD+2 v 

All Other Input Voltages 

Logical High Level Vss-1 Vss Vss 

Logical Low Level Internal Depletion Load Vss-15 

to VDD 

Power Failure Detect Voltages (Vss Voltage) 1.0 8.0 v 

Output Curr.ents: Vss = 1av to 2sv. VoD = ov 

All Segments and Colon 

Logical High Level, Source VoH = Vss-2V 15 mA 

Logical Low Level, Leakage VoL = Vss -1ov 10 µA 

PM Indicator and Alarm Indicator 

Logical High Level. Source . VoH = Vss -2V 15 mA 

Logical Low Level, Leakage VQH = Vss-10V 10 µA 

Alarm and Sleep Outputs 

Logical High Level, Source VQH = Vss-2V 2 mA 

Logical Low Level, Sink VoH = Vss -15V 500 µA 

Alarm Output Tone Vss = iav to 26V 40Q 2000 Hz 

Freqtiency Modulated with 2 Hz 

Total Power Dissipation Vss ~ 26V, VDD = ov 830 mW 

IOUT (25 Segments) = 15 mA 

T = 70°C 

VQUT = Vss -2V 
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block diagram 

ALARM DISPLAY, 
SET OR SNOOZE 

SEQUENCE OR 
SLEEPDISILAY 

DATE DISPLAY 
OR ADVANCE 

Vss0--
Voo0---

INTERNAL OSCILLATOR 
AND DIVIDER 

ALARM TONE 
OUTPUT 

CODE 
CONVERTER 

AND 
OUTPUT 
DRIVER 

LED LED 
CURRENT REF 
CONTROL OUTPUT 

PM 

DIGIT4 

DIGITJ 

COLON 

DIGIT2 

OIGIT 1 

ALARM 
INDICATOR 

FIGURE2. 

TABLE I. Display Modes and Setting Control Functions 

FUNCTION STEP 
DATE DISPLAY/ 

ADVANCE 

Display Time 1 Float 

Set Time 1 Float 

2 VDD 

Display Alarm - 1 Float 

Set Alarm: 

2 Hz Rate 1 Float 

60 Hz Rate 2 VDD 

Display Sleep 1 Float 

Set Sleep: 

2 Hz Rate 1 Float 

60 Hz Rate 2 VDD (Advances at 60 Hz Ratel 

functional description 
Connection diagrams for the MM5382 and the MM5383 
Digital Clock Radio Circuits are shown in Figure 1. 
A block diagram of these devices is shown in Figure 2. 
Unless otherwise indicated, the following discussions 
are based on Figure 2. Figure 3 shows the general 
purpose alarm clock and procedure to set the time, 
month, day, alarm and. sleep counters. Table I shows 
the display modes and setting control functions. 

50 or 60 Hz Drive: A shaping circuit is provided to 
square the 50 or 60 Hz input. This circuit allows use of a 
filtered sinewave input. The circuit is a Schmitt trigger 
that is designed to provide about 4V of hysteresis. A 
simple RC filter should be used to remove possible line
voltage transients that could either cause the clock to 
gain time or damage the device. The input should swing 
between Vss and VDD· The shaper output drives a 
counter chain which performs the timekeepir)g function. 
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ALARM DISPLAY - SEQUENCE/SLEEP 
SET/SNOOZE DISPLAY 

Float Float 

Float Momentary connect to Voo 
for each steP of setting time 

and calendar 

Float Float 

Connect to Voo Float 

for < 2 seconds 

Connect to VD o Float 

for.> 2 seconds 

VDD Float 

Float Connect to Vss for< 2 

seconds 

Float Hold Vss tor> 2 seconds 

(Advances at 2 Hz Ratel 

Float Vss 

50 or 60 Hz Select Input: A programmable prescale 
counter divides the input line frequency by either 50 or 
60 to obtain a 1 Hz base. This counter is programmed 
to divide by 60 simply by leaving the pin unconnected; a 
pull-down to Voo is provided by an internal resistor. 
Operation at 50 Hz is programmed by connecting this 
input to Vss. 

Alarm Operation: The internal alarm comparator senses 
coincidence between the alarm counters (the alarm 
setting) and the time counters (real time). The comparator 
output is used to set a latch in the alarm and sleep cir
cuits. The alarm latch remains set for 59 minutes during 
which time the alarm or radio will sound if the latch 
outputs are not temporarily inhibited by another latch 
set by the snooze input or reset by the alarm "OFF" 
input. 

:!!:: 
:!!:: 
c.n 
w 
CIO 
w 
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functional description (Continued) 

Alarm ON/OFF/RADIO Input: Mc;imentarily leaving this 
input unconnected resets the alarm latch and thereby 
silences the alarm. This input is also used to determine 
if the alarm or the sleep output will be enabled when the 
alarm latch is set. By connecting the input pin to VDD· 
both the alarm output and the sleep output (radio) are 
enabled when the alarm latch is set. If the input pin is 
connected to Vss. only the sleep output (radio) is 
enabled when the alarm latch is set. Momentarily leaving 
this pin unconnected also readies the alarm latch for the 
next comparator output, hence, the alarm will auto· 
matically sound again in 24 hours (or at a new alarm 
setting). If it is desired to silence the alarm for a day or 
more, the Alarm ON/OFF Radio input pin should re
main unconnected. 

Alarm Output: The alarm output signal is a tone of from 
400 Hz to 2000 Hz, which is gated on and off at a 
2 Hz rate_ 

Alarm 'Display, Set/Snooze: Momentarily connecting this 
pin to VDD when the alarm and sleep outputs are dis
abled displays the alarm setting for 1 _5 to 2 seconds. The 
display shows the.hours and minutes of the alarm setting, 
a constant colon and a PM indication if the clock is in 
the 12 hour mode. If. the input pin is held to VDD for 
longer than 2 seconds, the :minutes of the alarm counter 
start to advance at a 2 Hz rate. To increase the rate that 
the alarm counte'r is set at, also connect the Date/ 
Advance input pin to VDD· The minutes of the alarm 
counter will now advance at .a 60 Hz rate. By momen
tarily connecting the input pin to Vli)D when the alarm 
or sleep output is enabled, snooze is enabled for 8 or 9 
minutes. Snooze inhibits the alarm output for between 
8 and 9 minutes, after which the alarm output is enabled 
again .. Snooze has no effect on the sleep output. The 
snooze feature may be repeatedly used duringthe 59 
minutes in which the alarm latch remains set. Momen
tarily connecting this input pin to VDD when the clock 
is in the power failure mode stops all power failure 
indications and displays alarm. If this pin is connected to 
Vss and date. advance pin is connected to Vss. the clock 
is in a test mode. All outputs are enabled and time and 
alarm are set to 12:00 AM, the date is set to the 12th 
morith and the 1st day, and the sleep counter is set to 
00 minutes. If the Alarm Display, Set/Snooze is at Vss. 
all outputs and inputs .are disabled except 50/60 Hz 
Select and 50/60 Hz Drive. 

Sleep Timer and Output: The sleep output can be used 
to turn off a radio after a desired interval of up to 59 
minutes. The ti me interval is chosen by selecting the 
sleep display mode and setting the desired time interval. 
This automatically results in a current-source output, 
which can be used to turn on a radio (or other appliance). 
When the sleep counter, which counts downwards, reaches 
00 minutes, a latch is reset and the sleep output current 
drive is .removed, thereby turning off the radio. This 
turn-off may· also be manually controlled (at any time in 
the countdown) by a momentary VDD connection to 
the Alarm Display, Set/Snooze input. 

Sequence/Sleep Display and Set: If left open, time or 
the counter to be set is displayed. Momentarily con
necting this pin to Vss displays the sleep counter for 
1.5to 2 seconds. If after 2 seconds the pin is still at Vss, 
the sleep counter will decrement at a 2 Hz rate. To 
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increase the rate at which the sleep counter is decre
mented, also connect the Date/Advance pin to VDD. 
The sleep cou.nter will now decrement at a 60 Hz rate. 
Momentarily connecting the Sequence pin to VDD steps 
the clock through its set modes. There are 6 states; they 
are real time, set hours, set minutes, set month ( 12 hour 
mode), set day (12 hour mode), and the holding state. 
When real time is displayed, a momentary connection 
to VDD advances the clock to the set hours state. In this 
state, hours are displayed, minutes are blanked, the colon 
is constant, and an A or Pis displayed in the unit minutes 
position if the clock is in the 12 hour mode. To set 
hours, the Date/Advance pin is connected to VDD· The 
next time the Sequence pin is connected to VoD. the 
clock is advanced to the set minutes state. In this state, 
the minutes are displayed, the hours are blank, the colon 
is constant and the PM indication is displayed if the 
clock is in the 12 hour mode and set for PM. The next 
state the clock advances to is the set left state. In the 
12 hour mode, this is a month set state. Fo.r the 24 hour 
mode, this is a day set state. In this state, the left two 
digits of the display are shown, the colon and the right 
two digits of the display are blank. The next state the 
clock advances to is the set right state. In this state, 
the day in the 12 hour mode or month in the 24 hour 
mode is displayed in the right two digits of the display. 

MM5382 
MM5383 

HOURS 

MONTH 
DATE 

u u=~ 
u u=u 

u =u 
u u:' 

u u=u 
u u=u 

0 

0 

0 

0 

0 

0 

MINUTES 

DATE 
llllONTH 

u=u 
u=u 

~9 ~~ 

u =u 
u u: 

uc::Ju u:u 
u u 

Time and Date Display Format in 'Set' Mode 

SET HOURS 

$ET MINUTES 

SET MONTH 
MM5382 

SET DATE 
MM5383 

SET DATE 
MM5382 

SET MONTH 
MM5383 

HOLD 



functional description (Continued) 

The left two digits and colon are blank. The next transi
tion on the Sequence input displays real time if the 
minutes were not set. If the minutes counter was set, 
the next state the clock advances to is the holding state. 
In this state the time and the colon are blink.ing at a 
2 Hz rate and held to the set time. To leave the holding 
state, the Sequence Input is conn.ected to VDD momen
tarily. If the clock remains in any state except the 
holding state for more than 10 seconds without being 
set, the clock will automatically advance to real time or 
the holding state if minutes were set_ 

Note: Time set mode should not be initiated while in 
alarm or sleep display 2 second time out. Time set mode 
should be sequenced only when the clock displays real 
time. 

Date/Advance Input: If left open, th.is input has no 
effect on the clock. Momentarily connecting this pin to 
VDD displays the date for 1.5 to 2 seconds if the clock 
was not in a set state. If after 2 seconds the input pin is 
still at VDD· the date remains displayed until the input 
pin is released. If the Date/ Advance pin is connected to 
VoD when the clock is in a set mode, the counter dis
played will advance at a 2 Hz rate until the pin is released. 
Connecting this input pin to VDD when the sleep counter 
or the alarm counter is displayed advances the displayed 
counter at a 60 Hz rate. If the Date/Advance pin is con
nected to Vss. the seconds counter is bypassed and 
minutes counter advances at a 1 Hz rate. 

Colcm: The colon output blinks at a 1 Hz rate in the run 
mode. It is constant during set hours and minutes, and 
alarm display. The colon is blank for date display. The 
colon blinks at a 2 Hz rate in the holding state. 

REAL TIME ANO 
DATE SETTINGS 
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(ADVANCE1~~~~~1~0G~ I 2 : A 
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Alarm Indication Output: Whenever the alarm is enabled, 
the Alarm Indicator output is turned on. It is used to 
indicate to the user that the alarm has been set. 

PM Output: The PM Output is available only in the 
MM5382. This output is enabled only when time or 
alarm are displayed. 

Power Failure Indication: If the power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of the correct time, in the MM5382 
the word 'OFF' is displayed blinking at a 2 Hz rate, in 
the MM5383 all the 'ON' segments blink at 2 Hz rate 
and the colon is blank. Momentarily connecting the 
Alarm Display Set/Snooze input to VDD displays first 
the alarm for 1.5 to 2 seconds and then real time .. In 
addition, if the alarm was "ON" the Alarm "ON/OFF" 
input should also be momentarily connected to VDD· 

LED CURRENT CONTROL INPUT AND 
REF~RENCE OUTPUT 

Pin (15) MM5382, pin (16) MM5383 controls the gate 
voltage at all the display outputs and the reference device. 
The output drives can be disabled by· connecting pin 15 
MM5382, 16 MM5383 to Vss. This wire-OR capability 
allows the display to be used for other functions (e.g., 
temperature). The output current can be controlled two 
ways; 1) driving the output in saturated mode; 2) driving 
the output in linear mode. (Refer to Figures 4 and 5.) 

1. The reference device pins (4, 15) MM5~82 (5, 16) 
MM5383 are connected as diodes and an external 
resi.stor is used to set the desired current in these 
diodes (see Figure 4). The segment drivers of all 
digits are connected as current mirrors. The drain 

REAL TIME AND 
DATE SETTINGS 
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HOUR DISPLAY 
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(ADVANCE FLOATING) 
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OR 

i 1::1: 
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NO 
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Time and Date Set Flow Chart 
MM5383, 24-Hour Mode 
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functional description (Continued) 

voltage V1 of the segment drivers is selected such 
that these devices operate in saturation mode. 
Since the drain current variation in saturation 
mode operation of the MOS device is relatively 
constant, the segment drive current does not vary 
significantly, even though V1 is increased con
siderably. However, as the voltage across the output 
buffers increases, average power dissipation also 
increases linearly. This technique,of current control 
is recommended to be used only with low current 
LEDs (1-7 mA). 

2. The high current drive requirement of large LED 
displays can be accomplished by operating the 
segment drivers in the linear mode. The circuit 
for high current LED drivers is shown in Figure 5. 
The reference output device is used in· series with 
a reference LED, diode and current setting resistor. 
A high beta PNP transistor provides the current 
drive for all the segments. A reference voltage V3 
is developed which compensates for variations in 
MOS process parameters and the variations in the 
voltage drop across the LED. The resistor sets the 
current in the reference LED which sets the 
reference voltage V3 which in turn sets the current 
in the LEDs equal to resistor current minus the 
base current of the transistor. Variation in second 
supply voltage does not vary the LED currents so 
long as the PNP transistor is kept operating in the 
linear mode. Full wave rectified , power supply 
without any filtering can be used as a second 
supply voltage V2. The LED brightness can be 
varied by using a variable resistor. 

Figure 6 shows a LED drive circuit which uses a single 
resistor. The resistor controls the total current flowing 
through all the segments. Brightness shall vary depending 
on number of segments that are "ON" at that time~ 

\ 

Radio Frequency Interference: All display outputs in· 
elude circuitry to slow up the switching transition ti me 
to minimize radio frequency interference. 

,. 

* BRIGHTNESS CONTROL lD'SOFHOUR UNITHOUR 

Clock Set Up Procedure: (MM5382) 

1. Connect HOV supply. 
2. Blinking 'OFF' displayed. 
3. Momentarily connect alarm display set/snooze pin 

(13) to VDD which removes "OFF" and displays 
first the alarm for 1.5 to 2 seconds, then real time. 

4. Momentarily connect alarm "ON/OFF" to Vss. 
5. Wait till the colon starts blinking. (Approximately 

2 seconds.) 
6. Time setting 

a. Momentarily connect sequence pin (14) to VDD 
display shows hour and AM or PM. Connect 
advance pin (11) to VDD to advance hour. 

b. Connect pin ( 14) momentarily to ·voD display 
shows minutes, connect pin (11) to VDD and 
set minutes. 

c. Connect pin (14) momentarily to VDD display 
shows month, connect pin (11) to VDD and 
set month. 

d. Connect pin (14) momentarily to VDD display 
shows date, connect pin (11) to VDD and set 
date. 

e. Connect pin (14) momentarily to Voo and the 
real ti me is displayed at 2 Hz rate; 

f. Connect pin (14) momentarily to VDD again 
and real time is displayed continuously. 

7. Alarm setting 
a. Connect alarm display pin (13) to VDD and 

hold it for more than 2 seconds. Alarm minutes 
will advance at slow rate. 

b. Connecting pin (11) and pin (13) to VDo 
simultaneously will advance the alarm time at a 
fast rate. 

c. Set the desired alarm time. 
8. Sleep time setting 

a. Connect, sleep display, pin ( 14) to Vss and 
hold it for more than 2 seconds. Sleep time will 
decrementat slow rate. 

b. Connecting pin (11) and pin (14) to Voo 
simultaneously will decrement the sleep time at 
a fast rate. 

c. Set the desired sleep time. 
9. Connect pin 12 to Voo to activate alarm. 

Note: Time and date setting must be done only in the 
real time display mode. 

ALARM I 
01 .. lAY ~ 

MM5382 

10'S OF MINUTE 

Vss 

UNIT MINUTES 

SLEEP 
DRIVE 

FIGURE 3. Calendar Alarm Clock Using the MM5382 and a LED Display 
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functional description (Continued) 

1REFERENCE 
LEO= IA - lblll 

Voo 

CONTROL 
LOGIC 

Vuo SUPPLY 
OCOR"'CJCA7 

t iuo 

OUTPUT 
DRIVER 

OPERATING 

'"'~ 
-V1 

FIGURE 4(a). Low Current LED Drive Control Circuit (1-7 mA) 

Voo 

/ 

BRIGHTNESS CONTROL RESISTOR 

VLED SUPPLY 
O C 0 R "C7C1C7 

Vss 

tlR 
'b01 -

REFER
ENCE 
LED 

V3 

Vss Vss 

OUTPUT 
DRIVER 

OPERATING 

'"'t= -VI 

FIGURE 5(a). High Current LED Drive Current Circuits (7-15 mA) 

VLEO SUPPLY 

Voo 

l~ 
CURRENT 

R LIMITING 
RESISTOR 

Vss LOGIC Vss Vss 

FIGURE 6. Simple LED Drive Circuit 
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FIGURE 4(b). Segment Current vs Vi 
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Clocks 

MM5384 LED display digital clock radio circuit 

general description 
The MM5384 digital clock radio circuit is a monolithic 
MOS integrated circuit utilizing P-channel low-threshold, 
enhancement mode and ion-implanted depletion mode 
devices. It provides all the logic required to build several 
types of clocks and timers. Four display modes (time, 
seconds, alarm and sleep) are provided to optimize 
circuit utility. The circuit interfaces directly with 3 1/2 
digit 7-segment LED displays. The timekeeping function 
operates from either a 50 or 60 Hz input, and the 
display format is 12 hours (with leading-zero blanking 
and AM/PM indication) or 24 h.ours. Outputs consist of 
display drivers, sleep (e.g., timed radio turn-off), and 
alarm enable. Power failure indication is provided to 
inform the user that incorrect time is being displayed. 
Setting the time cancels this indication. The device 
operates over a power supply range of 8-26V and does 
not require a regulated supply. The MM5384 is packaged 
in a 40 lead dual-in-line package. 

features 

• 50 or 60 Hz operation 

• Single power supply 

• 12 or 24 hour display format 

• AM/PM outputs } 
12-hour format 

• Leading-zero blanking 

block and connection diagrams 

c':i~:X:.o-"--------------------~ SOURCE 

1z12:tL~~~ <>-'------------------~ 

50/BD.HZ 
INPUT 

AL~~~ +''-,.----. 
ALARM 

OFF 

SN DOZE 

SLEEP 
OUT 

SLEEP DIS 0-'-'------------------'---t>I 

ALA:: 0-'1._0 -----------------..i 
SECONa'!~ <>-'------------------

BLANKING .BL'iNiiN'G 

SLO~:~; o--!--. DETECTOR 

FASTSET o-L-.: 
vsso-4. 

12 
Yoo~ 

FIGURE 1. 
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• 24-hour alarm setting 
• All counters are resettable 

• Fast and slow set controls 
• Power failure indication 
• Blanking/brightness control capability 
• Elimination of illegal time display at turn-on 
• Direct interface to 0.5" LED displays 

• 9-minute snooze alarm 
• Presettable 59-minute sleep timer 

applications 

• Alarm clocks 
• Desk clocks 
• Clock radios 
• Automobile clocks 

• Stopwatches 
• Industrial clocks 

• Portable clocks 
• Photography timers 
• Industrial timers 
• Appliance timers 
• Sequential controllers 

Dual-In-Line Package 

PM OUT 

COLON (1 Hz) 

12/24 HR SELECT HRS-f 

BLANKING IN HRS- g 

50/60 Ht SELECT HRS-a 

SO/&OHzlN HRS-h 

FAST SET JN HRS-d 

SLOW SET IN HRS-e 

TO HRS SECS O.ISPLAY IN HRS- e 

DIGIT ALARM DISPLAY fN 

SLEEP DISPLAY IN MM5384 

Voo 10MINS -a&d 
TD 10'5 1DMINS - b 
OF ""INS 
DIGIT 1DMINS -e 

ALARM OFF IN 1DMINS -c 

ALARM OUT MlNS-f 

TD MINS SNOOZE IN 

DIGIT OUT COMMON SOURCE 

MINS-c MINS--b 

MINS-d MINS-e 

TOP VIEW 

Order Number MM5384N 
See Package 24 

FIGURE 2 



absolute maximum ratings 

Voltage at Any Pin Except Segment Outputs vss + o.3 to Vss - 30V 
Voltage at Segment Outputs Vss + 0.3 toVss-15V 
Operating Temperature -25°C to +70°C 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 

TA within operating range, Vss = 24V to 26V, VDD = OV, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

• Power Supply Voltage Output Driving Display 24 26 v 

Functional Clock 8 26 v 

Power Supply Current No Output· Loads 

Vss = sv 4 mA 

Vss = 26V 5 mA 

50/60 Hz Input Frequency Voltage Vss = sv to 26V de 50 or 60 10k Hz 

Logical High Level Vss-1 vss vss v 

Logical Low Level VDD VDD Voo+2 v 

50/60 Hz Input Leakage 10 µA 

Blanking Input Voltage 

Logical High Level Vss-1 Vss Vss v 

Logical Low Level VoD VDo Vss-5 v 

Blanking Input Leakage 10 µA 

All Other Input Voltages 

Logical High Level Vss-1 Vss Vss v 

Logical Low Level Internal l;)epletion Device to Voo VDo VDD Vss-6 v 

Power Failure Detect Voltage (Vss Voltage), (Note 2) 1 8 v 

Count Operating Voltage 8 26 v 

Hold Count Voltage (Note 2) 26 v 

Output Current Levels Vss= 24V to 26V, 

Output Common= Vss 

1 O's of Hours (b & .cl. 1 O's of 

Minutes (a & d) 

Logical High Level, Source VoH = Vss-7V 10 mA 

Logical Low Level, Leakage VoL = Vss - 14V 10 µA 

1 Hz Display 

Logical High Level, Source VoH =Vss-7 15 mA 

Logical Low Level, Leakage voL =Vss-14 10 µA 

All Other Displays 

Logical High Level, Source VoH =Vss-7V 5 •'! mA' 

Logical Low Level, Leakage VOL= Vss - 14V 10 µA 

Ala.rm and Sleep Outputs Vss = 24v 

Logical High, Source VoH=Vss-2 500 µA 

Logical Low, Sink VoL = VDD + 2 1 µA 

Note 1: Segment Output Current must be limited to 6 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W 
at 25°C. 
Note 2: Power fail detect voltage is 0.25V or more above the hold count voltage. The power fail latch trips into power fail mode at least 0.25V 
above the voltage at which data stored in the time latch is lost. 
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functional description 

A block diagram of the MM5384 digital clock radio 
circuit is shown in Figure 1. The various display modes 
provided by this clock are listed in Table I. The 
functions of the setting controls are listed in Table 11. 
Figure 2 is a connection diagram. The following dis
cussions are based on Figure 1. 

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro
vided to square the 50 or 60 Hz input. This circuit 
allows use of a filtered sinewave input. The circuit is a 
Schmitt trigger that is designed to provide about 6V of 
hysteresis. A simple RC filter such as shown in Figure 5, 
is recommended in order to remove possible I ine-voltage 
transients that could either cause the clock to gain time 
or damage .the device. The shaper output drives a counter 
chain which performs the timekeeping function. · 

50 or 60 Hz $elect Inputs: A programmable prescale 
counter divides the input line frequency by either 
50 or 60 to obtain a 1 Hz time base: This counter is 
programmed to divide by 60 simply by leaving 50/60 Hz 
select unconnected; pull-down to Voo is provided by an 
internal depletion device. Operation at 50 Hz is pro
grammed by connecting 50/60 Hz select to Vss .. 

Display Mode Select Inputs: In the absence ·of any of 
these three inputs, the display drivers present time-of
day information to the appropriate display digits. Inter
nal pull-down depletion devices ·allow use of simple 
SPST switches to select the display mode. If more than 
one mode is selected, the priorities are as noted in 
Table I. Alternate display modes are selected by applying 
Vss to the appropriate pin. As shown in Figure 1 the 
code converters receive time, seconds, alarm and sleep 
information from appropriate points in the clock 
circuitry. The display mode select inputs control the 
gating of the desired data to· the code converter inputs 
and ultimately (via output drivers) to the display digits. 

Time Setting Inputs: Both fast and slow setting inputs 
are provided. These inputs are applied either singly or in 
combination to obtain the control functions listed in 
Table II. Again, internal pull-down depletion devices are 
provided; application of Vss to these· pins affects the 
control functions. Note that the control functions pro- . 
per are dependent on the selected display mode. For 
example, a hold-time control function is obtained by 
selecting seconds display and actuating the slow set 
input. As another example, the clock time may be reset 
to 12:00:00 AM, by selecting seconds display and actua
ting both slow and fast set inputs. 

• Blanking Control Inputs: Connecting this Schmitt 
· Trigger input to Voo places all display drivers in a non· 
conducting, high-impedance state, thereby inhibiting the 
display. See Figures 3 and 4. Conversely Vss applied to 
this input enables the display. This input does not have 
internal pull-down device. 

Output Common Source Connection: All display output 
drivers are open-drain devices with all sources common 
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(Figure 4). Common source pin should be connected 
to Vss. 

12 or 24-Hour Select Input: By leaving this pin uncon
nected, the outputs for the most-significant display digit 
(10's of hours) are programmed to provide a 12-hour 
display format. An internal pull-down depletion device 
is again provided. Connecting this pin to Vss programs 
the 24-hour display format. See Figure 6 for 24-hour 
application. 

Power Fail Indication: If the power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of clock, the AM or PM indicator will 
flash ~t 1 Hz rate. A fast or slow set input resets an inter
nal power failure latch and returns the display to nor
mal. 

Alarm Operati<m and Output: The alarm comparator 
(Figure 1) senses coincidence between the alarm count
ers (the alarm setting) and the time counters {real 
time). The comparator output is used to set a latch in 
the alarm and sleep circuits. The latch output enables 
the alarm output driver (Figure 4), the MM5384 output 
that is used to control the extern.al alarm sound genera
tor. The alarm latch remains set for 59 minutes, during 
which the alarm will therefore sound if the latch output 
is not temporarily inhibited by another latch set by the 
snooze alarm input or reset by the alarm off input .. 

Snooze Alarm Input: Momentarily connecting snooze to 
Vss inhibits the alarm output for between 8 and 9 
minutes, after which the alarm will again be sounded. 
This input is· pulled-down to Voo by an internal deple· 
tion device. The snooze alarm feature may be repeatedly 
used during the 59 minutes in which the alarm latch 
remains set. 

Alarm Off Input : Momentarily connecting alarm off to 
Vss resets the alarm latch and thereby silences the 
alarm. This input is also returned to Voo by an internal 
depletion device. The momentary alarm off input also 
readies the alarm latch for the next comparator output, 
and the alarm will automatically sound again in 24 hours 
(or at a new alarm setting). If it is desired t,o silence the 
alarm for a day or more, the alarm off input should 
remain at Vss. 

Sleep Timer and Output: The sleep output at pin 14 can 
be used to turn off a radio after a desired time interval 
of up to 59 minutes. The time interval is chosen by 
selecting the sleep display mode. !Table I) and setting 
the desired time interval (Table II). This automatically 
results in a current-source output via pin 14, which can· 
be used to turn on a radio (or other appliance). When 
the sleep counter, which counts downwards, reaches 00 
minutes, a latch is reset and the sleep output current 
drive is removed, thereby turning off the radio. This 
turn-off may also be manually controlled (at any time in 
the countdown) by a momentary Vss connection to the 
Snooze input. The output circuitry is the same as the 
other outputs (Figure 4). 

• 



functional description (Continued) 

50/&0 "z 
B~N:::1~:-+--I 

INPUT 

Yoo 

LDWVn* 

Vss 

Voo 

50/60 "' 

»-... -~~::~TN~R 
SIGNAL 

FIGURE 3. 50/60 or Blanking Input Shaping Circuits 

*OUTPUT COMMON SOURCE BUS (PIN 18) 

Q(DATA)z~ 
BLANKING 

(FROM --i OUTPUT 
S"APER) (OPEN DRAIN) ' 

Vss 

FIGURE 4a. Segment Outputs FIGURE 4b. Alarm and Sleep Outputs 

TABLE I. MM5384 Display Modes 

*SELECTED 
DIGIT N0.1 DIGITN0.2 DIGITN0.3 DIGITN0.4 

DISPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 1 O's of Minutes Minutes 

Seconds Display Blanked Minutes 10's·of Seconds Seconds 

Alarm Display lO's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (over
rides all others), Alarm, Seconds, Time (no other mode selected). 
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~ functional description (Continued) 
U') 

:?! 
:?! TABLE II. MM5384 Setting Control Functions 

-::-

7'·""' 
100k ':" 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 

Alarm Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12-hou.r format) 
Both Alarm Resets to 00:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 10's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour format) 
Both Time Resets to 00:00:00 (24-hour format) 

Sleep Slow Substracts Count at 2 Hz 
Fast , Substracts Count at 60 Hz 
Both Substracts Count at 60 Hz · 

*When setting time sleep minutes will decrement at rate of time counter, until the 
sleep counter reaches 00 minutes (sleep counter will not recycle). 

{60Hz) (12 HR) r r r r r r r NC NC 

50/liOHz 12/24HR SLOW FAST ALARM SECONDS ALARM 
SELECT SELECT SET SET DISPLAY DISPLAY OFF 

BLANKING 
Vss 

OUTPUT COMMON SOURCE 

50/60Hz 
MM5384 

INPUT 

Yoo 10'S OF HOURS UNIT HOURS 1D'SOFMINUTES UNIT MINUTES 

PM 7 22DµF 

AM 

LED DISPLAY 

CDMMON CATHODE 

r- --;,---1 
2 I DJDO{PNP) I 

4.7k 

Voo 

1 

.___...,.~._~~~~-o-+-~'· I 
BR1;0HJ1Ni~~ ~kAX I OPTION 1 

r--+--1 .+.r-J I DPTION2 = VLED 
SUPPLY I 

I Voo -=, I 
L-------J 

I --r:r- ''°"' I 
I~ I L_.: _____ J 

FIGURE 5. A Schematic Diagram of a General Purpose Alarm Clock 
(12-Hour Mode) using the MM5384 and a 3 1/2-Digit LED Display 
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functional description (Continued) 
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DISPLAY 

FIGURE 6. 24-Hour Operation: 10's of Hours Digit Connections 
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Clocks 

MM5385, MM5386, MM5396, MM5397. digital alann clocks 
general description 
The MM5385, MM5386, MM5396 and MM5397 digital 
alarm clocks are monolithic MOS integrated circuits 
utilizing P-channel low-threshold, enhancement mode 
and ion-implanted depletion mode devices. MM5385 or 
MM5396 and .MM5386 or MM5397 have display formats 
of 12 hours and 24 hours respectively, with 24-hour 
alarm display capability: They provide all the logic 
required to build several types of clocks and timers. 
Four display modes (time, seconds, alarm and sleep) 
are provided to optimize circuit utility. The circuit 
interfaces directly with 7-segment light emitting diodes 
and requires two power supplies. The timekeeping 
function operates from either a 50 or 60 Hz input. 
MM5385 or MM5396 displays 12 hours with colon 
flashing at a one ,second rate and a PM indication. 
MM5386 or MM5397 displays 24 hours with leading 
zero blanking. Outputs consist of display drives, sleep 
(e.g., timed radio turn off). and alarm enable. Power 
failure indication is provided to inform the user that 
incorrect time is being displayed. The power failure 
indication consists of flashing of all the "ON" digits at 
a 1 Hz rate. Setting the time cancels this indication. 
The d.evice operates over a ·power supply range of 
1 B-26V and LED supply voltage of 4-7V. 

The MM5396 and MM5397 are reverse lead-bend versions 
lniirror image) of the MM5385, MM5386 (respectively) 
ideally s.uited to facilitate PC board layouts when 
designing an "L" shaped clock "module" (vertical 
display, horizontal component board); the MM5385, 
MM5386 are better suited for applications where the 
display and IC are mounted on a PC board in the same 
plane. All four versions are supplied iri a 40-lead dual-in· 
line package. 

block diagram 

50/$D"RZ 
INPUT 

ALARM OUT -~----.. 

ALARM OFF a-~--.. 

SNOOZE/ 
ALARM DISPL'AY 

LED ~~=;~~r ~ 

features 
• 50 or 60 Hz operation 

• Low power dissipation 

• PM outputs in 12-hour format with a colon flashing 
at a one second rate ((MM5385 and MM5396 only) 

• Leading zero blanking 

• 24-hour alarm setting 

• All counters are resettable 

• Fast and slow set controls 

• Power failure indication 

• Blanking/brightness control capability 

• Direct interface to light emittin!) diode (LED) with 
forward current of 3-15 mA 

• Individual drivers for each segment of each digit 

• 9-minute snooze alarm 

• Presettable 59-minute sleep timer 

• Radio frequency interference eliminating slow up 
circuitry at the outputs 

• Available in standard (MM5385, MM5386) or reverse 
lead-bend version (MM5396, MM5397) 

applications 
• ·Alarm clocks 

• Desk clocks 

• Clock radios 

• Stopwatches 

• Industrial clocks 

• Portable clocks 

• Photography timers 

• Industrial timers 

• Appliance timers 

• Sequential controllers 

12HDUR 
PINNING 

COLON 

COLON 

PM .. 
•• 
TO HAS 
DIGIT 

T010'S 
OF MINS 
DIGIT 

TD MINS 
DIGIT 

24HOUR 
PINNING 

3(38) .. 
1(401 

b4 

Zl391 .. 
4(37) ,. 
536) .. 
9135 

g4 

LED REFERENCE~ 
OUTPUT 10 (l1) Note. MM5396, MM5397 pin connections shown in parenthesis (xx). 

SLOW SET o--;,..;.....;-

FAST SET~ 
Vss o-EJ!!L..,.. 
Voo~ FIGURE 1 
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absolute maximum ratings 

Voltage at Any Pin 
Voltage at Any Output Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

Vss + o.3 to Vss - 2av 
Vss + 0.3 to Vss- 7.5V 

-25°C to +70°C 
-£5°C to +150°C. 

1W 
300°C 

TA within operating range, Vss = 18V to 26V, VDD = OV, unless otherwise specified. 

PARAMETER CONDITIONS MIN 

Power Supply Voltage (Vssl Output Driving Display 18 

Functional Clock 8 

Power Supply Current No Output Loads, Vss = 26V 

50/60 Hz Input Frequency Voltage de 

Logical High Level Vss-1 

Logical· Low Levei VDD 

All Other Input Voltages (Note 2) 

Except Sleep/Seconds Display 

Logical High Level Vss-1 

Logical Low Level Internal Depletion VDD 

Device to VDD 

Power Failure Detect Voltage (Vss Voltage) (Note 1) 

Output Currents Vss ~ 1av to 26V, 

VDD = OV. Current Measur~d 

in Individual Segment Driver 

with 0 Current in Remaining 

Segment Driver., LED Current 

Control Connected to VDD 

All Segment Drivers 

Logical High Level VoH = Vss-2 15 

Logical Low Level VoL = Vss-6 

Alarm and Sleep Outputs 

Logical High Level VoH = Vss-2V 500 

Logical Low Level VOL= VDD + 2 

LED Reforence Output LED Current Control 

Connected to, VDD, 

V SS = 18V, All Segment 

Driver 0 Current 

Logical High Level VoH = Vss-2 15 

Logical Low Level VOL= Vss-6 

TYP MAX UNITS 

26 v 

26 v 

5 mA 

50 or 60 10k Hz 

Vss v 

VDD+l v 

Vss v 

VDD+7 v 

7.5 v 

mA 

10 µA 

µA 

µA 

mA 

10 jJ.A 

Note 1: The power-fail detect volt~ge is 0.5V or more above the hold count voltage. The power-:fail latch trips into· the power-fail mode at least 
0.5V above the voltage at which data stored in the time l_atch ·is lost. 
Note 2: Sleep/seconds display (pin .11 on MM5385 and MM5386, pin 30 on MM5396 and MM5397). Connect pin to V55 for Sleep display. 
Connect pin to Voo for Seconds display. Leave pin open for ~ormal time display. 
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functional description 
A block di·agram of the MM5385, MM5386, MM5396 
and MM5397 digital alarm clock is shown in Figure 1. 
The various display/setting modes are listed in Table I 
and Table II shows the setting control functions. The 
following description is based on Figure 1; for simplifi
cation, pin numbers in the text are shown only for 
the MM5385 and MM5386, but pin connections for the 
MM5396 and MM5397 may be cross-referenced from the 
diagrams in Figure 2. 

50 or 60 Hz Input (pin 8): A shaping circuit (Figure 3) 
is provided to square the 50 or 60 Hz input. This circuit 
allows use of a filtered sinewave input. The circuit is a 
Schmitt Trigger that is designed to provide about 6V of 
hysteresis. A simple RC filter; such as shown in Figure 7, 
should be used to remove possible line-voltage tran
sients that could either cause the clock to gain time or 
damage the device. The input should swing between 
Vss and Voo. The shaper output drives a counter 
chain which performs the timekeeping function; 

50 or 60 Hz Select Input (pin 7):· A programmable 
· prescale counter divides the input line frequency by 

either 50 or 60 to obtain a 1 pps time base. This counter 
is programmed to divide by 60 simply by leaving pin 7 
unconnected; pull-down to Voo is provided by an 
internal. depletion load. Operation at 50 Hz is pro
grammed by connecting pin 7 to Vss. 

Display Mode Select Inputs (pins 11 and 17): In the 
absence of any of these two inputs (i.e., pin open), 
the display drivers present time-of-day information to 
the appropriate display digits. Snooze/alarm display 
input has an internal pull-down depletion load to Voo. 
Sleep/seconds display input has an internal voltage 
control which allows this input to assume three input 
states. The sleep time can be displayed by connecting 
pin 11 to Vss and seconds can be displayed by· con
necting pin 11 to Voo. and if pin 11 is left open, 
normal tim'e is displayed. If more than one mode is 
selected, the priorities are as noted in Table I. As shown 
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Vss 1DMINS e2 

SLEEP OUTPUT 10MINSc2 

ALAAM"OFF" M1Nf1 

ALARM 0 UTPUT MINg1 

SNOOZE AND ALARM DISPLAY M1Na1 
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TOP VIEW 

Order Number MM5385N or MM5386N 
See Package 24 

in Figure 1 the code converters receive time, alarm and 
sleep information from appropriate points in the clock 
circuitry .. The display mode select input~ control the 
gating of the desired data t6 the code converter inputs 
and ultimately (via output drivers) to the display digits. 

Time Setting Inputs (pins 9 and 10): Both fast and slow 
setting inputs are provided. These inputs are applied either 
singly or in combination to obtain the control functions 
listed in Table 11. Again, internal depletion loads to Voo 
are provided, application of Vss to these pins affects 
the control functions. Note that the control functions 
proper are dependent on the selected display mode. 
For example, a hold-time control function is obtained 
by selecting seconds display and actuating th.e slow set 
input. As another example, the clock time may be reset 
to 12:00:00 AM (midnight), in the 12-hour format 
(0:00:00 in the 24-hour format), by selecting seconds 
display and actuating both slow and fast set inputs. 

Alarm Operation and Output (pin 16); The alarm com
parator (Figure 1) senses coincidence between the alarm 
counters (the alarm setting) and the time counters 
(real time). The comparator output is used to set a latch 
in the alarm and sleep circuits. The latch output enables 
the open drain alarm output driver to control the 
external alarm sound generator. The alarm latch remains 
set for 59 minutes, during which the alarm will therefore 
sound if the latch output is not temporarily inhibited 
by another latch set by the snooze alarm input (pin 17) 
or reset by the alarm "OFF" input (pin 15). 

Snooze/Alarm Display (pin 17): Momentarily connecting 
pin 17 to Vss inhibits the alarm output for between 
8 and 9 minutes after which the alarm will again be 
sounded and· display alarm time. This input is pulled
down to Voo by an internal depletion load. The snooze 
alarm feature may be repeatedly used during the 59 
minutes in which the alarm latch· remains are set; con
necting pin 17 to Vss displays alarm time. 
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functional description (Continued) 

Alarm "OFF" Input (pin 15): Momentarily connecting 
pin 15 to Vss resets the alarm latch and thereby silences 
the alarm. This input is also returned to Voo by an 
internal depletion load. The momentary alarm "OFF" 
input also readies the alarm latch for the next comparator 
output, and the alarm will automatically .sound again in 
24 hours (or at a new alarm setting). If it is desired to 
silence the alarm for a day or more, the alarm "OFF" 
input should remain at Vss. 

Voo 

FIGURE 3. 50/60 Hz Input Shaping Circuits 

Sleep Timer and Output (pin 14): The sleep output at 
pin 14 can be used to turn off a radio after a desired 
time interval of up to 59 minutes. The time interval is 
chosen by selecting the sleep display mode (Table I) 
and setting the desired time interval (Table II). This 
automatically results in a current-source output via pin 

14, which can be used to t.urn on a radio (or other 
appliance). When the sleep counter, which counts down
wards, reaches 00 minutes, a latch is reset and the sleep 
output drive is removed, thereby turning off the radio. 
T.his turn off may also be manually controlled (at any 
time in the countdown) by a momentary Vss connec
tion to the snooze input (pin 17). 

Segment Outputs (pins 1-6 and 20-40): All segment 
outputs are op.en drain devices with all sources con
nected to'Vss. Each segment output may source direct 
current of 15 mA at 2V on the output device. Figure 5(b) 
shows the output resistance (RoNl of segment driver 
with respecno VDD· 

Power Failu're Indications: Power failure indication is 
shown by the flashing of all "ON" digits at 1 Hz rate. 
A fast or slow set input resets an internal power failure 
latch and returns the display to normal. The power 
failure latch trips into the power failure mode prior 
to the loss of data stored in the time latches. When 
pqwered up, alarm and sleep outputs will be in the 
"OFF" state. In order to assure guaranteed power 
fail indication, power supply rise time should not exceed 
10 V/ms. 

LED CURRENT CONTROL INPUT AND REFERENCE 
OUTPUT (PINS 19 AND 18) 

Pin 18 controls the gate voltage at all the display outputs 
and the reference device. The output drivers can be 
disabled by connecting pin 18 to V55. This wire-OR 
capability allows the display to be used for other func
tions (e.g., temperature, -radio frequency wavelength). 

TABLE I. MM5385, MM5386, MM5396, MM5397 Display Modes 

'SELECTED 
DIGIT ND.1 DIGIT NO. 2 DIGITN0.3 DIGITNO. 4 

DISPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 

Seco.nds Display Blanked Minutes 10's of Seconds Seconds 

Alarm Display lO"s of Hours & AM/PM Hours lO's of Minutes Minutes 

Sleep Dlsplay Blanked Blanked 1 O's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides 
all ot'hers), Alarm, Seconds, Time (no other mode selected). 

TABLE II. MM5385, MM5386, MM5396, MM5397 Setting Control Functions 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 

Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 

Alarm Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (Midnight) (MM5385, MM5396) 
Both Alarm Resets to 0:00 (MM5386, MM5397) 

Seconds S~ow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Witho'ut 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (Midnight) (MM5385, MM5396) 
Both Time Resets to 0:00:00 (MM5386, MM53971 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Subtracts Count at 60 Hz 

*When setting time sleep minutes will decrement at rate of time counter, until the sleep 
counter reaches 00 minutes (sleep counter will not recycle). 
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functional description (Continued) 

The output current can be controlled two ways: 
1) driving the output in saturated mode; 2) driving 
the output in linear mode. (Refer to Figures 4 and 5). 

1) The reference device (pins 18 and 19) is connected 
as a diode, and an external resistor is used to set the 
desired current in this diode (see Figure 4). The seg
ment drivers of all digits are connected as current 
mirrors. The drain voltage Vl of the segment drivers 
is selected such that these devices operate in saturation 
mode. Since the drain current variation in saturation 
mode operation of the MOS device is relatively 
constant, the segment drive current does not vary 
significantly, even though Vl is increased considerably. 
However, as the voltage across the output buffers 
increases, average power dissipation also increases 
linearly. This technique of current control is recom
mended to be used only with low current LE Os 
(1-7 mA). 

Voo BRIGHTNESS 

/~~=I~~~~ 
VLED SUPPLY 
DC OR i::::x::::x::7" 

OOTPUT 

o.:ie~1X:1~G 

2) The high current drive requirement of large LED 
displays can be accomplished by operating the segment 
drivers in the linear mode. The circuit for high current 
LED drivers is shown in Figure 5. The reference output 
device is used. in series with a reference LED, diode and 
current setting resistor. A high beta PNP transistor 
provides the current drive for all the segments. A refer
ence voltage V3 is developed which compensates for 
variations in MOS process parameter and the variations 
in the voltage drop across the LED. The resistor sets the 
current in the reference LED which sets the reference 
voltage V3. This. in turn sets the current in the LEDs 
equal to resistor current less the base current of the 
transistor. Variation in second supply voltage does not 
vary the LED currents so long as the PNP transistor is 
kept operating in the linear mode: Full wave rectified 
power supply without any filtering can be used as a 
second supply voltage V2. The LED brightness can be 
varied by using a variable resistor. 
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FIGURE 4(a). Low Current LED Drive C0ntrol Circuit (1-7 mA) 
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functional description (Continued) 

Figure 6 shows a LED drive circuit which uses a single 
resistor. The resistor controls the total current flowing 
through all the segments. Brightness shall vary depending 
on number of segments that are on at that time. 

,:3 
6:1 

VLeoSUPf'LV 

FIGURE 6. Simple LED Drive Circuit. 
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Radio Frequency Interference: Al I display outputs 
include circuitry to slow up the switching .transition 
time to minimize radio frequency interference: 
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Clocks 

MM5387AA, MM53108 digital alarm clocks 
general description 
The MM5387AA, · iv!M53108 digital alarm clocks are 
monolithic MOS integrated circuits utilizing P-channel 
low-threshold, enhancement mode and ioh-implanted 
depletion mode devices. They provide all the logic 
required to build several types of. clocks and timers 
with up to four display modes (time, seconds, alarm 
and sleep) to maximize circuit utility, but are specifi
cally intended for clock-radio applications. Both devices 
will directly-drive · 7-segment LED displays in either a 
12 hour format· (3% digit5) with lead-zero blanking, 
AM/PM indication and flashing colon, or 24 hour 
format (4 digits) through hard-wire pin selection; the 
timekeeping function operates from either a 50 or 
60 Hz input, also through pin selection. Outputs consist 
of display drivers, sleep (e.g., timed radio turn-off), and 
alarm enable. A power-fail indication mode is provided 
to inform the user of incorrect time display by flashing 
all "ON" digits at a 1 Hz rate; and is cancelled by 
simply resetting time. The device operates over a supply 
range of 24-26V which does 'not require regulation. 

The MM53108 is electrically identical to the 
MM5387AA, but with mirror-image pin-out to facilitate 
PC board layout wh~n designing a "module" where tl'ie 
LED display and MOS chip are mounted on the same 
side; the MM5387AA is more suited for "L" shaped 

· module designs (vertical LED display, hori2ontal com
ponent board). Both devices are supplied in a 40-lead 
dual-in-line package. 

block diagram 

features 
• 50 or 60 Hz operation 
• Single power supply 
• 12 or 24 hour display· format 

• AM/PM outputs } 
• Leading-zero blanking 12 hour format 

• 24-hour alarm setting 
• All counters are resettable 
• Fast and slow set controls 
• Power failure indication 
• Elimination of illegal time display at turn "ON" 
• Direct interface to LED displays 
• 9-minute snooze alarm 
• Presettable 59-minute sleep timer 
• Available in standard (MM5387AA) or mirror image 

(MM53108) pin-out 

applications 
• Alarm clocks • Portable clocks 
• Desk clocks .• Photography timers 
• Clock radios • ·1 ndustrial ti me rs 

• Automobile clocks • Appliance timers 
• Stopwatches • Sequential controllers 
• Industrial clocks 

c~~=~ .,_"..-!' ... "'----------------------. 
SOURCE 

12~EHL~~~ o-"31'°"(3;:_) ----------------------, 

5DlllHZ 
INPUT 

ALAAMOUT -='"----. 
AlARM OFF <>""='---.. 
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SLEEP DIS<>-'='-------------------... 
ALARMOIS 0..:l_.l(-ID-.l _________ ._ ________ _ 

SECONDS DIS 0..:Jl"°'("'ll.,_------------------... 

37(4) 
NC 0 

TO HRS 
OIG:IT 

T01G'S 
OF MINS 
DIGIT 
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SLOW SET o1!!!--.. 
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Vss o-!!l!!L-+ 
Voo ol!!fil...+. 

Note. MM63108 pin connections shown in parenthesis 

FIGURE 1 
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absolute maximum ratings 
Voltage at Any Pin Except Segment Outputs Vss + 0.3 to vss - 30V 
Voltage at Segment Outputs Vss + 0.3 to Vss-15V 
Operating Temperature -25°C to +70°C 

Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, ·10 seconds) i:";:· 300°C 

electrical characteristics 
TA within operating range, Vss = 24V-26V, VDD = OV, unless otherwise specified. 

PARAMETER CONDITIONS 

·-· 

MIN TYP MAX UNITS 

Power Supply Voltage Output Driving Display 24 26 v 

Functional Clock a 26 v 

Power Supply Current No Output Loads 

vss =av 4 mA 

vss= 26v 5 mA 

50/60 Hz Input 

Frequency Voltage Vss =av to 26V de 50 or 60 10k Hz 

Logical High Level V5s-l Vss Vss v 

Logical Low Level VDD VDD VDD+2 v 

Input Leakage 100 µA 

All Other Input Voltages 

Logical High Level Vss-1 Vss Vss v 

Logical Low Level l_nternal Depletion Load to VDD VDD VDD Vss-6 v 

Power Failure Detect Voltage (VssVoltage). (Note 2) 1 7.5 v 

Count Operating Voltage a 26 v 

Hold Count Voltage (Note 2) 26 v 

Output Current Levels Vss = 24V to 26V, 

Output Common= Vss 

lO's of Hours (b & c). lO's of Minutes 

(a& d) 

Logical High Level, Source VoH = Vss-4V 16 mA 

Logical Low Level, Leakage VoL = Vss - 14V 10 µA 

1 Hz Display 

Logical High Level, Source voH = Vss-4 24 mA 

Logical Low Level, Leakage VoL = Vss- 14 10 µA 

All Other Displays 
_--

Logical High Level, Source VOH = Vss-4V a (Note 1) mA 

Logical Low Level, Leakage voL = vss - 14v 10 µA 

Alarm and Sleep Outputs Vss = 24v 

Logical High , Source VoH = Vss-2 500 µA 

Logical Low, Sink VOL= Vss-2 1 µA 

Note 1: Segment output current must be limited to 11 mA maximum by User; ppwer di·s·Sipation must be limited to 900 mW at 70° C and 1.2W 
at 25°C. 
Note 2: The power-fail detect voltage is 0.5V or more above the.hold count voltage.-The power-faii"latCh trips into power-fail mode at least 0.5V 
above the voltage at which data stored in the -time latch is.lost. 
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functional description 

A block diagram of the IVIM5387AA. MM53108 digital 
clock radio circuit is shown in Figure 1. The various 
display setting modes are listed in Table I, and Table II 
shows the setting control functions. The following 
description is based on Figure 1 and refers to both 
devices as they are electrically identical. 

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro
vided to square the 50 or 60 Hz input. This circuit 
allows use of a filtered sinew~ve input. The circuit is a 
·Schmitt trigger that is designed to provide about 6V of 
hysteresis. A simple 'RC filter such as shown in Figure 7, 
should be used to remove possible line-voltage tran
sients that could either cause the clock to gain time or 
damage the device. The shaper output drives a counter 
chain which performs the timekeeping function. 

50 or 60 Hz Select Input: A programmable prescale 
counter divides the input line frequency by either 
50 or 60 to obtain a 1 Hz time base. This counter is 
programmed to divide by 60 simply by leaving 50/ 
60 Hz select unconnected; pull-down to VDD is pro
vided by an internal depletion load. Operation at 50 Hz 
is programmed by connecting 50/60 Hz select to Vss. 

Display Mode Select Inputs: In the absence of any of 
these three inputs, the display drivers present time-of
day information to the appropriate display digits. 
Internal depletion pull-down devices allow use of simple 
SPST switches to select the display mode. If more than 
one mode is selected, the priorities are as noted in 
Table I. Alternate display modes are selected by apply
ing Vss to the appropriate pin. As. shown in Figure 1 
the code converters receive time, seconds, alarm and 
sleep information from appropriate points in the clock 
circuitry. The display mode select inputs control the 

connection diagrams 
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FIGURE 2(a). MM5387AA 
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gating of the desired data to the code converter inputs 
and ultimately {via output drivers) to the display digits. 

Time Setting Inputs: Both fast and slow setting inputs 
are provided. These inputs are applied either singly or 
in combination to obtain the control functions listed in 
Table 11. Again, internal depletion pull-down devices 
are provided; application of Vss to these pins affects 
the control functions. Note that the control functions 
proper are dependent on the selected display mode. 
For example, a hold-time control function is obtained 
by selecting seconds display and actuating the slow set 
input. As another example, the clock time may be reset 
to 12:00:00 AM, by selecting seconds display and actu
ating both .slow and fast set inputs. 

Output Common Source Connection: All display out
put drivers are open-drain devices with all sources 
common (Figure 4a). The common source pin should 
be connected to Vss. 

12 or 24 Hour Select Input: By leaving this pin uncon
nected, the outputs for the most-significant display 
digit ( 10's of hours) are programmed to provide a 
12-hour display format. An internal depletion pull
down device is again provided. Connecting this pin to 
Vss programs the 24-hour display format. Segment 
connection~ for 1 O's of Hours in 24-hour mode are 
shown in Figure 6. 

Power Fail Indication: If i:he power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of clock, all "ON" segments will 
flash at 1 Hz rate. A fast or slow set input resets an 
internal power failure latch and returns the display to 
normal. 
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functional description (Continued) 

Alarm Operation and Output: The alarm comparator 
(Figure 1) senses coincidence between the alar·m count· 
ers (the alarm setting) and the time counters (real time). 
The comparator output is used to set a latch in the 
alarm and sleep circuits. The latch output enables the 
alarm output driver (Figure 4b) which is used to 
control the external alarm sound generator. The alarm 
latch remains set for 59 minutes, during .which the alar.m 
will therefore sound if the latch output is not tempor
arily inhibited by another latch set by the snooze alarm 
input or reset by the alarm "OFF" input. 

Snooze Alarm Input: Momentarily connecting snooze 
to Vss inhibits the alarm output for between 8 and 9 
minutes, after which the alarm will again be sounded. 
This input is pulled-down to Voo by an internal deple
tion device. The snooze alarm feature may be repeatedly 
usec;! during the 59 minutes in which the ala.rm latch 
remains set. 

Alarm "OFF" Input: Momentarily connecting alarm 
"OFF" to Vss resets the alarm ·latch and thereby 

Voo 

vss 

silences the alarm. This input is also returned to Voo by 
an internal depletion device. The momentary alarm 
"OFF" input also readies the alarm latch for the next 
comparator output, and the alarm will automatically' 
sound again in 24 hours (or at a new alarm setting). 
If it is desired to silence the alarm for a day or more, 
the alarm "OFF" input should remain at Vss. 

Sleep Timer and Output: The sleep output can be used 
to turn "OFF" a radio after a desired time interval of up 
to 59 mi.nu.tes. The time interval is chosen by selecting 
the sleep display mode, (Table I) and setting the desired 
time interval (Table Iii. This automatically results in a 
current-source output which can be used to turn "ON" a 
radio (or other appliance). When the sleep counter, 
which counts downwards, reaches 00 minutes, a latch 
is reset and the sleep output current drive is removed, 
thereby turning "OFF" the radio. This turn "OFF" 
may also be manually controlled (at any time in the 
countdown) by a. momentary Vss connection to the 
Snooze input. The output circuitry is the same as the 
other outputs (Figure 4b). 

FIGURE 3. 50/60 Hz Input Shaping Circuit 
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FIGURE 4(al. Segment 0.utputs FIGURE 4(bj. Alarm and Sleep Outputs 
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functional description (Continued) 

TABLE I. MM5J87AA, MM531!l,B Display Modes 

*SELECTED 
DIGIT N0.1 DIGIT NO. 2 DIGITN0.3 DIGITN0.4 

DISPLAY MODE 

Time Display lO's of Hours & AM/PM Hours lO's of Minutes Minutes 

Seconds Display Blanked Minutes 10's of Seconds Seconds 

Al.arm Display lO's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more .than one display. mode input is applied, the display piiorities are in the Order of Sleep (overrides 
all others). Alarm, Seconds, Time (no other mode selected) .. 

10 

1 

0 

TABLE II. MM5387AA, MM5310B Setting Control Functions 

-·,,-
SELECTED CONTROL 

DISPLA V MODE INPUT 
CONTROL FUNCTION 

*Time Slow MinUtes Advance at 2 Hz Rate 

Fast Minutes_ Advance at. 60 Hz Rate 
Both Minutes Advance at 60 Hz .Rate 

Alarm Slow Alarm Minutes Advance· at 2 Hz Rate 
Fast Alarm Minutes Adva~ce at 60 ·Ho:: Rate 
Both Alarm Resets to 12:00 AM (Midnight) ( 12-Hour Format) 
Both Alarm Resets tb 00:00 (24-Hour Format) 

Seconds Slow Input to Entire.Time .. Counter 1s Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Res~ts to 12:00:00 AM (Midnight) (12-Hour Format) 
Both Time Resets to 00:00:00 (24-Hour Format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Subtracts Count at 60 Hz 

*When setting time sleep minutes will decrement at rate of time counter, until the sleep 
counter reaches 00 minutes (sleep counter will not recycle). 

Vss • 24v CZ 
f-voo • o 

~ 
L AM 

rt'-
-1-

7 
0 

OUTPUT !DRAIN) VOLTAGE BELOW Vss Switch A must be ganged with Sleep display as shown. 

FIGURE 5. Typical Output Current 
Characteristics of MM5387AA, M,M53108 

FIGURE 6. 24-Hour Operation: 
10's of Hours Digit Conriections 



typical applications 

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour mode) using the MM5387AA or 
MM53108 and a 3 1/2-digit LED display. 
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Clocks 

MM5402, MM5405 digital alarm clocks 
general description features 

• 50 or 60 Hz operation 

• Single power supply 

The MM5402, MM5405 digital alarm clocks are mono
lithic MOS integrated circuits utilizing N-channel 
low-threshold, enhancement mode and ion-implanted 
depletion mode devices. They provide all the logic 
required to build several types of clocks and timers 
with up to four display modes (time, seconds, alarm 
and sleep) to maximize circuit utility, but are specifi
cally intended for clock-radio applications. Both devices 
will directly-drive 7-segment LED' displays in either a 
12-hour format (3 1 /2 digits) with lead-zero blanking, 
AM/PM indication and flashing colon, or 24-hour 
format (4 digits) through hard-wire. pin selection; the 
timekeeping function operates from either a 50 or 
60 Hz input, also through pin selection. Outputs consist 
of display drivers, sleep (e.g., timed radio turn-off). and 
alarm enable. A power-fail indication mode is provided 
to inform the user of incorrect time display by flashing 
all "ON" digits at a 1 Hz rate, and is cancelled by 
simply resetting time. The device operates over a supply 
range of 7V-11 V which does not require regulation. 

• 12 or 24 hour display format 

• AM/PM outputs } 

• Leading-zero blanking 
12 hour format 

• 24-hour alarm setting 

• Al I counters are resettable 

• Fast and slow set controls 

• Power failure indication 

• Elimination of illegal time display at turn "ON" 

• Direct interface to LED displays 

• 9-minute snooze alarm 

• Presettable 59-minute sleep timer 

• Available in standard (MM5402) or mirror-image 
(MM5405) pin-out 

The MM5405 is electrically identical to the MM5402, 
but with mirror-image pin-out to facilitate PC board 
layout when designing_ a "module" where the LED 
display and MOS chip are mounted on the same side; 
the MM5402 is more suited for "L" shaped module 
designs (vertical LED display, horizontal component 
board). Both devices are supplied in a 40-lead dual-in-
1 i ne package. 

block diagram 
OUTPUT ZJ (18) 

COMMON 

applications 
• Alarm cl9cks 

• Desk clocks 

• Clock radios 

• Automobile clocks 

• Stopwatches 

• Industrial clocks 

12124 HOUR 38 (J} 
SELECT<>------------------------, 

50/60 HZ 
INPUT 

ALARM OUT ----~ 

ALARM OFF <>-'="-~ 

SNOOZE 

SLEEPOIS o--~-------------------+t 

ALARM DIS o--31~11-°'-------------------.i 
32 {9) 

SECONDS DIS 0------------~---------+t 

37 (4) 
NC 0 

33(8) 
SLOWSET~ 

34 (7) 

• Portable clocks 

• Photography timers 

• Industrial timers 

• Appliance timers 

• Sequential controllers 

TO HRS 
DIGIT 

TO 1D'S 
OF MINS 
DIGIT 

TO MINS 
DIGIT 

FASTSET~ 

V 28 (13) Note. MM5405 pin connections shown in parenthesis. 
SS~ 

29(12) 
Voa o---;......;... 

FIGURE 1 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature 

Storage Temperatur!'! 

vss to Vss +12V 
-25°C to +70°C 

-65°C to +150°C 

Lead Temperature {Soldering, 10 seconds) 
Segment Output Current 

300°C 
Note 1 

electrical characteristics TA within operating range, Voo = 7V to 11V, Vss = OV, unless otherwise specified. 

PARAMETER 

Power Supply Voltage 

Power Supply Current 

50/60 Hz Input 

Frequency 

Logical Low Level 

Logical High Level 

Input Leakage 

All Other Input Voltages 

Logical Low Level 

Logical High Level 

Power Failure Detect Voltage 

Count Operating Voltage 

Hold Count Voltage 

Alarm and Sleep Outputs 

Logical High 1 Source 

Logical Low, Sink 

Output Current Levels 

Common Anode 

10's of Hours (b & c), 10's of Minutes 

(a & d) 

Logical High Level, Leakage 

Logical Low Level, Sink 

1 Hz Display 

Logical High Level, Leakage 

Logical Low Level, Sink 

All Other Segment Displays 

Logical High Level, Leakage 

Logical Low Level, Sink 

Output Current Levels 

Common Cathode 

10's of Hours (b & c), 10's of Minutes 

(a & dl 

Logical High Level, Source 

logical Low Level, leakage 

Hz Display 

Logical High level, Source 

Logical Low Level, Leakage 

All Other Segment Displays 

Logical High level, Source 

Logical Low Level, Leakage 

CONDITIONS 

Output Driving Display 

Functional Clock 

No Output Loads 

VDD = 7V 

VDD=11v 

VDo = 7V to 11v 

Internal Depletion Load to VDD 

(VDD Voltage), (Note 2) 

VDD=11v 

VoH = Vss + 2 

voL=Vss+2 

VDD = 9V to 11v 

Output Common = Vss 

(Figure 5a) 

VoH = VDD 

VOL= Vss + 2V 

VoH = VDD 

VOL= Vss + 2V 

VoH = VDD 

VoL = Vss+2V 

VDD=9Vto 11v 

Output Common = Vss + 4 

(Figure 5b) 

VoH = Vss + 1.5V 

VOL= Vss 

VoH = Vss + 1.5V 

VOL= Vss 

VoH = Vss + 1.5V 

VoL = Vss 

MIN TYP 

9 

de 50 or 60 

Vss vss 

VDD-3 VDD 

vss vss 

VDD-3 VoD 

7 

(Note 2) 

5 

24 

36 

12 

20 

30 

10 

MAX 

11 

11 

4 

5 

10k 

Vss+0.5 

VDD 

100 

vss+o.5 

VDD 

5 

11 

11 

10 

10 

10 

(Note 1) 

10 

10 

10 

UNITS 

v 

v 

mA 

mA 

Hz 

v 

v 

µA 

v 

v 
v 

v 
v 

µA 

mA 

µA 

mA 

µA 

mA 

µA 

mA 

mA 

µA 

mA 

µA 

mA 

µA 

Note 1: Segment output current must be limited to 15 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W 
at 25°C. 
Note 2: The power.fail detect voltage is 0.25V or more above the hold count voltage. The power-fail latch trips into power-fail mode at least 
0.25V above the voltage at which data stored in the time latch is lost. 
Note 3: Power supply voltage should not exceed a maximum voltage of 12V under any circumstances, such as during plug in, power up, display 
"ONH/"OFF", or power supply ripple. Doing so runs the risk of permanently damaging the device. 
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functional description 

A block diagram of the MM5402, MM5405 digital 
clock radio circuit is shown in Figure 1. The various 
display setting modes are listed in Table I, and Table II 
shows the setting control functions. The following 
description is based on Figure 1 and refers to both 
devices as they are electrically identical. 

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro
vided to square the 50 or 60 Hz input. This circuit 
allows use of a filtered sinewave input. The circuit is a 
Schmitt trigger that is designed to provide about 0.8V 
hysteresis. A simple RC filter such as shown in Figure 7, 
should be used to remove possible I ine-voltage transients 
that could either cause the clock to gain time or damage 
the device. The shaper output drives a counter chain 
which performs the timekeeping function. 

50 or 60 Hz S.elect Input: A programmable prescale 
counter divides the input line frequency by either 
50 or 60 to obtain a 1 Hz time base. This counter is 
programmed to divide by 60 simply by leaving 50/ 
60 Hz select unconnected; pull-up to VDD is pro· 
vided by an internal depletion load. Operation at 50 Hz 
is programmed by connecting 50/60 Hz selec.t to Vss-

Display Mode Select Inputs: In the absence o( any of 
these three inputs, the display drivers present time-of
day information to the appropriate display digits. 
Internal depletion pull-up devices allow use of simple 
SPST switches to select the display mode. If more than 
one mode is selected, the priorities are as noted in 
Table I. Alternate display modes are selected by apply· 
ing Vss to the appropriate pin. As shown in Figure 1 
the code converters receive time, seconds, alarm and 
sleep information from appropriate points in the clock 
circuitry. The display mode select inputs control the 
gating of the desired data to the code converter inputs 
and ultimately (via output drivers) to the display digits. 

connection diagrams (Top Views) 

AM OUTPUT 

10 HRS-b & c 

HRS-I 

HRS-g 

HRS-a 

HRS-b 

HRS-d 

HRS-c 

HRS- e 

10MINS- f 

10MINS-g 

10MINS-a & d 

10MINS-b 

10MINS-e 

10MINS-c 

MlNS-f 

MINS-g 

MINS-a 

MINS- b 

MINS-e 

Dual-In-Line Package 

Order Number MM5402N 
See Package 24 

FIGURE 2(a). MM5402 

PM OUTPUT 

COLON (1 Hz) 

1Z/24 HR SELECT 

10 HR b (24-HR) 

50/60 Hz SHECT 

50/60 Hz INPUT 

FAST SH INPUT 

SLOW SET INPUT 

SECOND DISPLAY INPUT 

ALARM DISPLAY INPUT 

SLEEP DISPLAY INPUT 

Voo 
Vss 
SLEEP OUTPUT 

ALARM "OFF" INPUT 

ALARM OUTPUT 

SNOOZE INPUT 

OUTPUT COMMON 

MINS -c 

MINS -d 
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Time Setting Inputs: Both fast and slow setting inputs 
are provided. These inputs are applied either singly or 
in combination to obtain the control functions listed in 
Table II. Again, internal depletion pull-up devices 
are provided; application of Vss to these pins affects 
the control functions. Note that the control functions 
proper are dependent. on the selected display mode. 
For example, a hold-ti'me control function is obtained 
by selecting seconds display and actuating the slow set 
input. As another example, the clock time may be reset 
to 12:00:00 AM, by selecting seconds display and actu· 
ating both slow and fast set inputs. 

Output Common: All display output drivers are open 
drain devices with all the sources connected to output 
common pin. This pin can be used as a common source 
or a common drain. When used as a common source, 
this pin is connected to Vss and when used as a com
mon drain, this pin is connected to VDD· This allows 
the use of either common anode or common cathode 
LED's for displays. Figure 5 shows these connections. 

12 or 24 Hour Select Input: By leaving this pin uncon· 
nected, the outputs for the most-significant display 
digit ( 1 O's of hours) are programmed to provide a 
12-hour display format. An internal depletion pull· 
up device is again provided. Connecting this pin to 
Vss programs the 24-hour display format. Segment 
connections for 10's of hours in 24-hour mode are 
shown in Figure 6. 

Power Fail Indication: It the power to the integrated 
circuit drops, indicating a momentary ac power failure 
and possible loss of clock, all "ON" segments will 
flash at 1 Hz rate. A fast or slow set input resets an 
internal power failure latch and returns the display to 
normal. 

PM OUTPUT 

COLON (1 Hl) 

12/24 HR SELECT 

10 HR b (24-HRI 

50(60 Hz SELHT 

50/60 Hz INPUT 

FAST SET INPUT 

SLOW SET INPUT 

SECOND DISPLAY INPUT 

ALARM DISPLAY INPUT 

SlEEP DISPLAY INPUT 

Voo 
Vss 

SLEEP OUTPUT 

ALARM '"OFF" INPUT 

ALARM OUTPUT 

SNOOZE INPUT 

OUTPUT COMMON 

Mll\IS-e 

MINS-d 

Dual-In-Line Package 

Order Number MM5405N 
See Package 24 

AM OUTPUT 

10 HRS -h & c 

HRS - f 

HRS - g 

HRS-1 

HRS - b 

HRS,- d 

HRS- c 

HRS - e 

10MINS-f 

10MlNS-g 

lDMINS-a&d 

10 MINS- b 

10 MINS - e 

10MINS-e 

MINS-f 

MINS- g 

MINS-a 

MINS-b 

MINS-e 

FIGURE 2(b). MM5405 (Mirror-Image Pin-Out) 



functional description (continued) 

Alarm Operation and Output: The alarm comparator 
(Figure 1) senses coincidence between th.e alarm count
ers (the alarm setting) and the time counters (real timei. 
The comparator output is used to set a latch in the 
alarm and sleep circuits. The latch output enables the 
alarm output driver (Figure 4b) which is used to 
control the external alarm sound generator. The alarm 
latch remains set for 59 minutes, during which the alarm 
will therefore sound if the latch output is not tempor
arily inhibited by another latch set by the snooze alarm 
input or reset by the alarm "OFF" input. 

Snooze Alarm Input: Momentarily connecting snooze 
to Vss inhibits the alarm output for between 8 and 9 
minutes, after which the alarm will again be sounded. 
This input is pulled-up to Voo by an internal deple
tion device. The snooze aiarm feature may be repeatedly 
used during the 59 minutes in which the alarm latch 
remains set. 

Alarm "OFF" Input: Momentarily connecting alarm 
"OFF" to Vss resets the alarm latch and thereby 

Voo 

Vss 

silences the alarm. This input is also-returned to Voo by 
an internal depletion device. The momentary alarm' 
"OFF" input also readies the alarm latch for the next 
comparator output, and the alarm will automatically 
sound again in 24 hours (or at a new alarm setting). 
If it is desired to silence the alarm for a day or more, 
the alarm "OFF" input should remain at Vss-

Sleep Timer and Output: The sleep output can be used 
to turn "OFF" a radio after a desired time interval of up 
to 59 minutes. The time interval is chosen by selecting 
the sleep display mode, (Table I) and setting the desired 
time interval (Table 11). This automatically results in a 
current sink output which can be used to turn "ON" a 
radio (or other appliance). When the sleep counter, 
which counts downwards, reaches 00 minutes, a latch 
is reset and the sleep output current drive is- removed, 
thereby turning "OFF" the radio. This turn "OFF" 
may also be manually controlled (at any time in the 
countdown) by a momentary Vss connection to the 
Snooze input. The output circuitry is the same as the 
other outputs (Figure 4b). 

FIGURE 3. 50/60 Hz Input Shaping Circuit 

Vss 

OUTPUT COMMON BUS 

~ ,,...------.~OUTPUT 
(OPEN DRAIN) 

FROM~ ALARM OR SLEEP >--1 
COMPARATOR 

OUTPUT 

' ' 

Voo 

FIGURE 4(a). Segment Outputs FIGURE 4(b), Alarm and Sleep Outputs 
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functional description (Continued) 

TABLE I. MM5402, MM54os Display Modes 

*SELECTED 
DIGIT N0.1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4 

DI SPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 

Seconds Display Blanked Minutes 1 O's of Seconds Seconds 

Alarm qisplay 10's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked lO's of Minutes Minutes 

*If more than one display mode input is·applied, the display priorities.are·in the order.of Sleep (overrides 
all others), Alarm, Seconds, Time (no other mode selected). 

TABLE II. MM5402, MM5405 Setting Control Functions 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 

Fast Minutes AdvancP. ;:it fiO H7 RatP. 

Both Minutes .A.dvance at 60 Hz Rate 

Alarm Si ow Alarm Minutes Advance at 2 Hz Rate 

Fast Alarm Minutes. Advance at GO Hz Rate 

Both Alarm Resets tc 12:00 AM (Midnight) (12-Hour Format! 

Both Alarm Resets to 00:00 (24·Hour Format) 

Seconds Slow Input to Entire Time Counter is 1nhrb1ted ·(Hold) 

Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 

Both Time Resets to 12:00:00 A.M (Midnight) ( 12-Hour Format) 

Both Time Resets to 00:00:00 (24-Hour Format) 

Sleep Slow Subtracts Count at 2 Hz 

Fast Subtracts Cour'lt at 60 H, 

Both Subtracts Count at 60 Hz 

*when setting time sleep minutes will decrement at rate of time counter, until the sleep counter 
reaches 00 minutes (sleep counter wi.ll not recycle). 

OUTPUT Vss + 4 
COMMON 10 HR b 12< HR) 

SEGMENT 

OUTPUT 
COMMON 

PIN 

Voo 

COMMON ANODE 

LED 

Vss 

FIGURE 5(a). Common 
Anode Application 

--1 

PIN 

SEGMENT 
PIN 

Vss 

LED 

COMMON CAT HO DE 

FIGURE 5(bl. Common 
Cathode Application 
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typical applications 

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour mode) using the MM5402 or MM5405 
and a 3 1 /2-digit LED display_ 
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Clocks 

USING NATIONAL CLOCK INTEGRATED CIRCUITS IN TIMER APPLICATIONS 

INTRODUCTION 

The following is a description of a ·technique which 
allows the use of the National MM5309, MM5:311, 
MM5312 and MM5315 clock integrated circuits as 
timers in industrial and consumer applications. What 
will be presented is the .basic technique along with some 

. simple circuitry and applications. 

BASIC TECHNIQUE 

When first approaching the problem of using clock chips 
for timers, the most obvious technique is to attempt to 
compare the display data with preset BCD numbers. 
Because of the multiplexing and number of data bits 
this technique, while possible, is unwieldy and requires a 
large number of components. 

UNIT SECOND 
DIGIT TIME 

BCD 1 

An easier method is to use one or more demultiplexed 
BCD lines as control waveforms whose edges determine 
timer data. In Figure 1 we examine the 1-bit of the BCD 
data of the units second time. 

From this waveform we observe a one second wide pulse 
every two seconds. If we look at the 4-bit of the 10 
minutes digit we find a pulse which is 20 minutes wide 
and occurs once each hour. 

Figure 3 is a chart showing the various pulses and their 
widths for all digits and the useful BCD lines. 

FIGURE 1. 1 Second Pulse Every 2 Seconds 

10 MINITE DIGIT 
TIME 

BCD 1 

FIGURE 2. 20 Minute Pulse Every Hour 
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BCD PULSE RATE PULSE WIDTH BCD PULSE RATE PULSE WIDTH 

1 Sec Digit 10 Sec Digit 

1 1 every 2 sec 1 sec* 1 1 every 20 si;_c 10 sec* 

2 ? 1 every min 20 sec 
4 1 ~very 1 0 sec 4 sec 4 1 every min 20 sec 
8 1 every 10 sec 2 sec 8 

1 Min Digit 10 Min Digit 

1 1 every 2 min 1 min* 1 1 every 20 min 10 min* 

2 2 1 every hr 20min 
4 1every10min 4 min 4 1 every hr 20 min 
8 1 every 10 min 2 min s· 

Units Hrs Digit (12 Hr Mode) Units Hrs Digit (24 Hr Mode) 

1 1 every 2 hrs 1 hr* 1 1 every _2 hrs ·1 hr* 

2 2 
4 1 every 12 hrs 4 hrs 4 
8 1 every 12 hrs 4 hrs 8 

10 Hrs Digit (12 Hr Mode) 10 Hrs Digit (24 Hr Mode) 

1 1 1 every 24 hrs 10 hrs 
2 1 every 12 hrs 9 hrs 2 1 every 24 hrs 4 hrs 
4 1 every 12 hrs· 9 hrs 
8 1 every 12 hrs 9 hrs 

*Square waves 

FIGURE 3 

SIMPLE DEMULTIPLEXING 

In the simple case where, for example, a four hour wide 
pulse each day is desired, perhaps to turn on lights in the 

·evening, a simple demultiplexing scheme using one diode 
is shown in Figure 4. When power is applied, the internal 
multiplex circuitry will strobe each digit until the digit 
with the diode connected is accessed. This digit will 
sink the multiplex charging current and stop the multi· 
plex scanning. Thus, the BCD outputs· now present the 
data from the selected digit. The waveforms as previously 
discussed are presented at the BCD lines. Note that these 
Ptilses are negative true for all BCD outputs. 

An advantage of this type of timer over mechanical 
types is the elimination of line power drop outs. The 
circuit shown in Figure 5 will maintain timing to within 
a few percent during periods of power line failure, but 
automatically return to the 60 Hz line for timing as soon 
as power is restored. 
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MORE COMPLEX APPLICATIONS 

Where it is desired to maintain the display, or in more 
complex timing of the "10 seconds every two hours" 
variety, external demultiplexing shown in Figure 6 can 
be used. In this figure the BCD lines are demultiplexed 
with MM74C74 flip-flops. Examining the waveforms of 
these circuits we see two edges which allow the JO 
second each two hours timing:These are differentiated 
by the NAND and INVERTERS and the first edge sets 
and the second resets the S-R flip-flop. The output ofthe 
flip-flop is ten seconds wide every two hours. By exam
ining the edges of the Figure 3 entries any combination 
of timings can be obtained with the circuit of Figure 6. 

LOW FREQUENCY WAVEFORM GENERATION 

The asterisked BCD lines in Figure 3 are those wave
forms which are symmetric. By the use of the simple 
diode demultiplexing scheme previously discussed we 

D 
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FIGURE 5. Fail.Safe ~utomatic Lights Timer. Four Hour5 Each 24 Hours 

easily obtain square waves with periods of two seconds, 
two minutes, twenty minutes and two hours. In other 
cases, where the waveforms are asymmetric, a simple 
flip-flop can square, while dividing by two, these wave
forms producing other low frequency square waves as 
long as one per two days. 

SUMMARY 

We have shown some simple low cost timer and waveform 
generating examples using National· clock integrated 
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circuits. Because of the vast number of timing applica
tions possible, this can in no way be looked at as the ' 
limit of clock-timer circuits. Use of the Reset on the 
MM5309 and MM5315 or the use of clocks in conjunction 
with programmable counters such as the MM74C161 
allows other possibilities to meet specific applications. 
Also the clock chips themselves can ruri on frequencies 
other than 50 or 60 Hz (actually from de to 10 kHz) 
which can allow scaling of the waveforms presented in 
Figure 3 to different timing rates. 
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Cou.nters/Timers 

MM5307 baud rate generator/programmable divider 

general description 

The National Semiconductor MM5307 baud rate 
generator/programmable divider is a MOS/LSI P-channel 
enhancement mode device. A rnaster clock for the device 
is generated either externally or by an on-chip crystal 
oscillator (Note 4). An internal ROM controls a divider 
circuit which produces the output frequency. Logic 
levels on the four control pins select between sixteen· 
output frequencies. The frequencies are chosen from 
the following 'possible divisors: 2N, for 3 :::::; N :::::; 2048; 
2N + 1 and 2N + 0.5 for 4:::::; N :::::; 2048. Also one of the 
sixteen frequencies may be gated from the external 
frequency input. The MM5307AA is supplied with the 
divisors shown in Table I. 

features 

• On-chip crystal oscillator 

• Choice of 16 output frequencies from 1 crystal 

schematic and connection diagrams 

RESET >---- PROGRAMMABLE 
DIVIDER 

ROM 

MULTIPLEXER 

• External frequency input pin 

• Internal ROM allows generation of other frequencies 
on order 

• Bipolar compatibility 

• 0.01% accuracy (typ) exclusive of crystal 

• 1 MHz master clock frequency 

applications 

• DAR/T clocks 

• System clocks 

• Electrically programmable counters 

Dual·I n-Line Package 
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TOP VIEW 
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absolute maximum ratings 

Voltage at Any Pin With Respect to Vss 
Power Dissipation 

Storage Temperature Range 

Operating Temperature 

Lead Temperature (Soldering, 10 seconds) 

de electrical characteristics 

+0.3V to Vss - 2ov 
700mW 

-65°C to +150°C 

0°C to+ 70°C 

300°C 

TA within operating range, Vss = 5V ±5%, V GG = -12V ±5%, unless' otherwise specified. 

VoH 
VoL 

IGG 

PARAMETER 

All Inputs (Except Crystal Pins) 

Logical High Level 

Logical Low Level 

Leakage 

Capacitance 

External Clock Duty Cycle 

Capacitance Measured Across 

Crystal Pins 

Output Levels 

Logical High Level 

Logical Low Level 

Power Supply Current 

ac electrical characteristics 

CONDITIONS 

V1N = -10V, TA= 25°C, 

All Other Pins GND 

V1N = OV, f = 1 MHz, 

All Other Pins GND, (Note 1) 

f = 1 MHz, (Note 3) 

ISOURCE = -0.5 mA 

ISINK = 1.6 mA 

f = 1 MHz 

MIN 

Vss-1.5 

Vss--1 s 

40% 

Vss-2.6 

TA within operating range Vss = 5V ±5%, V GG = -12V ±5%, unless otherwise specified. 

PARAMETER CONDITIONS MIN 

Master Frequency 0.01 

tA Access Time CL= 50 pF, (Note 2) 

tRD Reset Delay Time f = Master Clock Frequency 

Rpw Reset Pulse Width 500 +4/f 

tOD Output Delay From Reset 

Output Duty Cycle= 0.5T ± 1 /f T =Output Period 0.5T-1/f 

f = Master Frequency 

Note 1: Capacitance is guaranteed by periodic measurement. 

TYP 

vss 

TYP 

MAX 

Vss+0.3 

Vss-4.2 

0.5 

7.0 

60% 

5.0 

Vss-4.6 

35 

MAX 

1.0 

16 

500 + 4/f 

500 + 4/f 

0.5T+l/f 

UNITS 

v 
v 

µA 

pF 

pF 

v 
v 

mA 

UNITS 

MHz 

µs 

ns 

ns 

ns 

Note 2: Access time is defined as the time from a change in control inputs (A, B, C, D) to a stable output frequency. Access time is a function of 
frequency. The following formula may be used to calculate maximum access time for any master frequency: TA = 2.8µs + 1 /f x 13, f is in MHz. 

Note 3: The MM5307 is designed to operate with a 1 MHz parallel resonant crystal. When ordering the crystal a value of lo'ad capacitance (CL) 
must be specified. This is the capacitance "seen" by the crystal when it is operating in the circuit. The value of CL should match the capacitance 
measured at the crystal frequency across the crystal input pins on the MM5307. Any mismatch will be reflected as a very small error in the 
operating frequency. To achieve maximum accuracy, it may be necessary to add a small trimmer capacitor acroSs the terminals. 

Note 4: If the crystal oscillator is used Pin 5 (external clock) is connected to Vss- If an external clock is used Pin 7 is connected to V55. 



control table 

Input Freq: 921.6 kHz Master Clock 

CONTROL PINS 

A B 

0 0 
0 0 
0 0 
0 1 

0 1 

0 1 

0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

0 0 

Positive Logic: 1 = VH 
o=vL 

typical applications 

Internal Oscillator 

c 
0 
1 
1 

0 
0 

1 
1 

0 
0 
1 
1 

0 
0 
1 
1 
0 

EXTFREQ--+---1 14 •our 

D 

1 

0 
1 

0 
1 
0 
1 
0 
1 

0 
1 
0 
1 
0 
1 

0 

NOMINAL BAUD RATES 

(OUTPUT FREQUENCY/16) 

AA AB FAG 

50 50 50 
75 200 75 
110 110 110 
134.5 134.5 134.5 

150 150 150 
300. 300 300 

600 600 600 
900 900 1050 
1200 1200 1200 

1800 1800 45.5 
2400 2400 2400 

3600 3600 56.9 
4800 4800 4800 
7200 75 66.7 
9600 9600 9600 

EXTERNAL FREQ 

EXTFREU----1 

NC 
13 Vss ITO OPERATE} 

NC 

OUTPUT----1 

22 pf 

Vss 

Vee (TO RESET} 

12 VcG 

11 A 

10 

OUTPUT----1 

EXTCLOCKIN----1 

Vss 

2-4 

DIVISOR 

FOR AA 

1152 

768 
524 

428.5 
384 
192 

96 
64 
48 
32 
24 

16 
12 

8 
6 

External Clock 

14 •our 
13 Vss (TO OPERATE} 

VGG (TO RESET} 

11 A 

10 8 



timing diagram 

~I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

A.B,CorD 

OUTPUT +90 
+10% 

1ST PULSE 
OF CORRECT 

~----TA------LENGTH 

RESET 

application hints 

APPLICATION NOTES 

The external clock is brought in on pin 5 and pin 7 is 
tied to Vss to enable th.e external clock input. Pin 6 
can be left open. 

1) To use the MM5307 with an external clock, hook 
it up as follows: 

EXTERNAL CLOCK 

2) To use.a crystal directly: 

JO pf 

Vss -1 · 
180 pf 

1--'V'll\,_._. ~ Vss 

15M 

TO Vss TO ENABLE XTAL 
OSCILLATION 

CLOCK TO INTERNAL 
CIRCUITllV 

2·5 

100 

3) Reset (pin 13) must be at Vss to operate. It may be 
necessary to take this to G ND or V GG to reset the 
ROM select circuit. An option is to tie¢ out (pin 14) 
to external Freq In (pin 1). if not otherwise used. 

4) An interesting application might use two MM5307's 
in series to generate additional frequencies, i.e .. with 
one programmed from the 921.6 kHz to 800 Hz out, 
a second could divide that by 16 to give a 50 Hz 
crystal controlled signal. 

5) MM307 AA divisors are on the data sheet. AB divisors 
are the same as the AA except: 1) Cod.a 0010 is · 
divided by 288 ~ 32 kHz out, 200 baud; 2) • Gdcle 
1110 is divided by 768 ~ 1.2 kHz, 75 baud. · 

The MM5307 does not always generate an output when 
the power is up, even though the oscillator seems to be 
operating properly. In order to eliminate this proble'm, 
it is necessary to reset the chip at power "ON". This can 
be done manually, with a reset signal· by a .host system, 
or automatically by using R/C timing. elements. The 
reset is done internally, when program inputs change. 
When using an R/C combination for auto resetting, 
the time constant must be several times larger than 
that of the power supply. For example, most lab power 
supplies take at least 0.5 sec for the voltage to reach 
90% of full level. A 10 kn resistor and 300 µF capacitor 
combination should be adequate for most applications. 



s 
M application hints (Continued) 
Ln. 
~ 
~ 

Voo /t--......... a-- r---Vori 
6-25 pF 

6 
EXTERNAL 

CLOCK 
5 

Vss 

7 

25 

Vss 

10k 

13 
RESET------. 

p 

POWER SUPPLY TIMING 
. AT POWER UP 

VOLTAGE t----r-:::=--

""0.5 SEC 

TIME 

FIGURE 1 
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Counters/Timers 

MM5369 17-stage programmable oscillator/divider 

general description 

The MM5369 is a CMOS integrated circuit with 17 
binary divider stages that can be used to generate a 
precise 60 Hz reference from commonly available high 
frequency quartz crystals. An internal pbllse is generated 
by mask programming the combinations of stages 1 
through 4, 16 and 17 to set or reset the individual stages. 
The programmable number the circuit will divide by can 
vary from 10000 to 98000. The MM5369 is advanced 
one count on the positive transition of each clock pulse. 
Two buffered outputs are available: the crystal fre
quency for tuning purposes and the 17th stage 60 Hz 
output. Mask options are available for use with com
monly available, low cost, high frequency crystals. 
Therefore, this design can be "customized" by special 
order to design specific programmable divider limits 
whereby the maximum divide-by can be 98,000 and 
the minimum divide-by can be 10,000. The MM5369 is 
available in an 8-lead dual-in-line epoxy package. 

features 

• Crystal Oscillator 

• Two buffered outputs 

Output 1 cyrstal frequency 
Output 2 full division 

• High speed (4 MHz at V00 ~ 10) 

• Wide supply range 3-15V 

• Low Power 

• Fully static operation 

• 8 lead dual-in-line package 
• Low current 

Standard MM5369N Only 

• 3.58 MHz (color TV oscillator) input frequency 

• 60 Hz output frequency 

connection diagram block diagram 

Dual-In-Line Package 

TURNER 
Vco OUTPUT OSC OUT DSC IN 

j. 7 • ' 

r- 1--' 

I 2 3 T· 
DIVIDER \lss Ne Ne 
(60Hz) 

OUTPUT TOP VIEW 

FIGURE 1. 

Order Number MM5369N 
See Package 17 

OSCIN 

TUNER 
OUTPUT 
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DSC OUT 

FIGURE 2. 

DIVIDER 
OUTPUT 



absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Tern peratu re 
Package Dissipation 
Maximum V cc. Voltage 
Operating V cc Range 
Lead Temperature (Soldering, 10 seconds) 

-0.3V to V cc +0.3V 
0°Cto+70°C 

-65°C to +150°C 
500mW 

16V 
3V to 15V 

300°C 

electrical characteristics 
TA within operating temperature range, Vss = GND, 3V S V 0 0 s 15V unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Quiescent Current Drain' V0 o=15V 10 µA 

Operating Current Drain 

Frequency of Oscillation 

Voo= 10V, f 1N "'. 4.19 MHz 

Voo=10V DC 

DC 

1.2 2.5 mA 

4.5 MHz 

Output Current Levels 

Logical "1" Source 

Logical "O" Sink 

Output Voltage Levels 

Logical "1" 

Logical "O" 

functional description 

V 00 = 6V 

Voo=10V 

VouT = 5V 

V00 = 10V 

lo= 10,uA 

A connection diagram for the MM5369 is shown in 
Figure 1 and a block diagram is shown in Figure 2. 

TIME BASE 

A precision time base is provided by the interconnection 
of a 3,579,545 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
amplifier provided between the OSC IN and the OSC 
OUT terminals. Resistor R 1 is necessary to bias the 
inverter for class A amplifier operation. Capacitors Cl 
and C2 in series provide the parallel load capacitance 
required for precise tuning of the quartz crystal. 

The network shown provides > 100 ppm tuning range 
when used with standard crystals trimmed for CL = 
12 pF. Tuning to better than ±2 ppm is easily ob
tainable. 
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DIVIDER 

500 

500 

9.0 

2 

1.0 

MHz 

µA 

µA 

v 
v 

A pulse is generat~d when divider stages 1 through 4, 16 
and 17 are in the correct state.· By mask options, this 
pulse is used to set or reset individual stages of the 
counter, thus varying the modulus of the counter from 
10000 to 98000. Figure 4 shows the relationship 
between the duty cycle and the programmed modulus. 

OUTPUTS 

The Tuner Output is a buffered output at the crystal 
oscillator frequency. This output is provided so that the 
crystal frequency can be obtained without disturbing the 
crystal 'oscillator. The Divide Output is the input fre
quency divided by the mask programmed number. Both 
outputs are push-pull outputs. A typical application of 
the MM5.369 is shown in Figure5. 



functional description (cont.) 

oscrN-

RT 
10M 

-oscour 

C1 
JOpF 

10 20 30 40 50 60 70 

0 UTY CYCLE (%) 

FIGURE 3. Crystal Oscillator Network FIGURE 4. Plot of Divide-By Vs Duty Cycle 

22oµFT 2.2k 

20V ':"' 

ALARM SLEEP ALARM 
OFF OlSPLAY DISPLAY 

" MM5369 MM5385 

20M 

PM 

22oµFT 
6.36pf JOpF 

FIGURE 5. Clock Radio Circuit with Battery Back-Up 

2.5 

2.0 

E 1.5 

" 0 
1.0 .S! 

0.5 

_J I 
"·'" _1 32.784 ===l COUNTS 1-----coUNTS 

-----5!1,659 COUNTS 

MHz 

FIGURE 6. Typical Current Drain Vs Oscillator Frequency FIGURE 7. Output Waveform for Standard MM5369 

*To be selected based on xtal used 
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MM5865 universal timer 
general description 
The MM5865 Universal Timer is a monolithic MOS 
integrated circuit utilizing P-channel low-threshold, 
enhancement mode and ion-implanted depletion mode 
devices. The chip contains all the logic required to 
control the two 4-digit counters, blank leading zeros, 
compare the two counters and to cascade with another 
MM5865. Input pins start, stop, reset and set the 
counters, determine which of the 7 functions is per
formed, the resolution of the display (0.01 sec, 0.1 sec, 
1 sec, or external clock) and what modulo the counters 
divide by. Outputs include the comparator output, 
multiplexed BCD outputs and digit enables. The BCD 
outputs interface directly with MM14511, a BCD to 
7-segment decoder, which interfaces with a LED display. 
The digit enable outputs of 2 cascaded MM5865's 
interface directly with a DM8863 LED 8-digit driver. 
A DS8877 or DS75492 Hex Digit Driver may be used 
with a single MM5865. The digit enable outputs inter
face directly with a DM8863, a LED digit driver. The 
7 functions include start-stop with total elapsed time, 
start-stop with accumulative event time, split, sequential 
with total elapsed time, rally with total elapsed time. 
program up count and program down count. The circuit 
uses a 32.8 kHz crystal or an external clock and is 
packaged in a 40-lead dual-in-line package. 

applications 
• Stop watch 

• Kitchen timer 

• Oven timer 

• Event timer/counter 

• Rally timer 

• Navigational timer 

• Industrial timer/counter 

block and connection diagrams 
PROGRAM 

OIGITS1-4 

DIVHJE 
SCALER 

COUNTER1 

Counters/Timers 
For additional application information, see 
AN-168 and AN-169 at the end of this section. 

features 
• Function 1: Standard Start-Stop with total elapsed 

time memory 

• Function 2: Standard Start-Stop with total accumu
lative event time 

• Function 3: Sequential with total elapsed time 
memory 

• Function 4: Standard split 

• Function 5: Rally with total elapsed time memory 

• Function 6: Programmable up count. Repeatable 
upon command 

• Function 7: Programmable down count 

• Comparator output 

• Crystal controlled oscillator (32.8 kHz) 

• External clock input (option) 

• Provides external clock 

• Select resolution 

• Select count up or down 

• Select modulo 6 or 10 for digits 2, 3 and 4 

• Blanking between digits 

• Leading-zero blanking 

• Multiplex rate output 

• External multiplex rate input (option) 

• Can be cascaded 

• Waiting state indicator 

• Simple interface to LED display 

• Elimination of illegal time display at turn-on 

• Wide power supply range 7V-20V 

Dual-In-Line Package 
CONTROL 
Cl OUT v" 

DIVIDE SCALER2 39 PR0GRAMOIGIT1/ 
38 LATCH CONTROL 

DIVIDE SCALER 3 PROGRAMOIGIT2-

FUNCTIONS 
1-7 

CONTROL 
C11N---+ 

CONTROL___. 
C21N 

RESET___. 

CONTROL 
LOGIC 8*"' OUTPUT$ 

DIGIT 
OUTPUTS 

COMPARATOR ENABLE PROGRAMOIGIT3 

FUNCTION 1 36 PROllRAMDIGlT4/ 

JS ~OA~~~NOGL S~1A1~E FUNCTION 2 

FUNCTIONJ 
34 

CONTROLC1 OUT 

FUNCTJON4 BCD1 

START/STOP---. 

FINAL FIJENT ----Jo. 

COMP~~~~~~__,. 
~-~--~ 

MULTIP~~~------1------1 

MULTIPLEXIN-----t--+l __ _J 

CLOCK 
INIQUT 

RESOLUTION 
SELECT_z ____________ ~ 

FIGURE 1. 

CONTROL 
CZ OUT 

DSClN 

OSC:OUT 
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FUNCTIDN5 

FUNCT10N6 

FUNCTION7 
FINAL EVENT STOP/ 12 
COMPARATOR OUT 

RESET 
13 

START/STOP 

CLOCK IN/OUT 

RESOLUTION SELECT 1 

RESOLUTIONSELECT2 

BLANK[NG 

OSC IN 

OSCOUT 

TOPVlEW 

Order Number MM5865N 
See Package 24 

FIGURE 2. 

BCD2 

BCD4 

BCDB 

DIGIT1 

DlGIT2 

DIGITJ 

UIGIT4 

CONTROLC20UT 

CONTROLC21N 

MULTIPLEX IN 

MULTIPLEX OUT 

v,, 



absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

Vss + 0.3V to Vss - 25V 
-25°C to +70°C 

-65°C to +150°C 
300°C 

TA within operating range, 7V ~ V85 ~ 20V, V 00 = OV, unless otherwise specified. 

PARAMETER CONDITIONS MIN 

loo Power Supply Current 

Input Frequency at OSC IN 

Iv,,~ 10V 

de 

Multiplex Frequency de 

Blanking Frequency de 

Clock Frequency Vss = 7V de 

Vss = 10V de 

Input Levels 

Input Logic Low Internal Resistor Voo 
Input Logic High -100k to V00 Vss- 1 

. OUTPUT CURRENTS 

Digit and BCD Outputs Vss = 7V 

Source Cwrrent VouT = Vss -:2V 1 

Sink Current VouT=Vss-6.3V 1 

·Blanking Output · Vss = 7V 

Source Current VouT = Vss - 2V 1 

Sink Current VouT = Vss - 6.3V 1 

Multiplex Output Vss = 7V 

Source Current VouT = Vss - 2.5V 500 

Sink Current VouT = Vss -6.3V 8 

Clock Output Vss = 7V 

Source Current VouT = Vss -4V 10 

Sink Current VouT = Vss -6.3V 5 

Control C1, C2 Outputs Vss = 7V 

Source Current VouT = Vss - 2.5V 500 

Control C1, C2 Inputs Vss = 7V 

Sink Current VIN= Vss -6.3V 8 

Comparator Output Vss = 7V 

Source Current VouT = Vss - 2V 1 

Sink Current VouT = Vss - 6.3V 1 

Waiting State Indicator Vss = 7V 

Source Current VouT = Vss -2V 1 

Sink Current VouT = Vss - 6.3V 1 
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TYP MAX UNITS 

7 15 mA 

32.8 80 kHz 

0.4 80 kHz 

0.8 10 kHz 

0.1 10 kHz 

100 kHz 

Voo+1 v 
Vss v 

mA 

µA 

mA 

µA 

µA 
µA 

µA 
µA 

µA 

µA 

mA 

µA 

mA 

µA 



fUnctional description 
A block diagram of the MM5865 Universal Timer is 
shown in Figure 1. A connection diagram is shown in 
Figure 2. Unless otherwise indicated, the following 
discussions are based on Figure 1. 

Function 1 

In Function 1, counters 1 and 2 count up beginning 
with a transition on the Start-Stop pin from V DD to 
Vss· Counter 2 is shown counting. A second transition 
from VDD to Vss on the Start-Stop pin inhibits the 
clock pulses to counter 2, stores and displays the con
tents of counter 2. Counter 1 continues to count. The 
third transition from VDD to Vss on the Start-Stop 
pin resets counter 2, enables clock pulses to counter 2 
and displays counter 2 counting. Subsequent Start
Stop transitions repeat this sequence, all this time 
counter 1 continues to count. At the conclusion of 
the last event to be timed, a Final Event Stop transition 
from V DD to V ss inhibits the clock. to both counters 
and displays counter 2. A Start-Stop transition from 

RESET 
FORCES TO--+ 
THIS STATE 

i>OWER·ON 

POWER ON RESET 
OISPLA Y BLANK 

FINAL 
~-----< EVENT 

STOP 

YES FINAL 
EVENT 
STOP 

'-------'" 

CDUrilTER 1 COUNTING 
COUNTER 2 lNHJBJTEO 

DISPLAY COUNTER 2'S LAST COUNT 

NO 

Flow Chart for Fu net ion 1 

VDD to Vss switches the display from counter 2 to 
counter 1. Repetitive Start-Stop transitions switch the 
display between counter 2 and counter 1. 

Function 2 

In Function 2, counter 1 and 2 coun(up beginning with 
a. transition on the Start-Stop pin. Counter 2 is displayed 
counting. A second transition on the Start-Stop pin 
inhibits the clock pulses to both counter 1 and counter 
2, stores and displays th.e contents of counter 2. The 
third transition on the Start-Stop pin resets counter 2, 
enables the clock to both counters and displays counter 
2 counting. Subsequent Start·Stop transitions repeat 
this sequence. At the conclusion of the last event to be 
timed, a Final Event Stop transition inhibits the clock 
to both counters and displays counter 2. A Start-Stop 
trans1t1on switches the display from counter 2 to 
counter 1. Repetitive Start-Stop transitions switch the 
display between counter 2 and counter 1. 

RESET 
FORCES TO--+ 
THIS STATE 

POWER ON RESET 
DISPLAY8LANK 

2·12 

YES FINAL 
~-----< EVENT 

STOP 

COUNTER 1 INHIBITED 
COUNTER21Nlfl81TEO 

DISPLAY COUNTER 2'S LAST COUNT 

FINAL 
~-------< EVENT 

NO 

Flow Chart for Function 2 



functional description (con't) 

Function 3 

In Function 3, counter 1 and 2 count up beginning with 
a transition on the Start-Stop pin. Counter 2 is displayed 
counting. A second transition ·on the Start-Stop pin 
stores and displays the contents of counter 2, resets 
counter 2, and initiates a new up-count in counter 2; 
however, the new up-count is not displayed. Counter 1 
continues to count. A transition on the Latch Control 
pin will display counter 2·counting until another transi. 
tion on the Start-Stop pin. A Final Event Stop transition 
inhibits the clock pulses to both counters 1 and 2 and 
displays the contents of counter 2. A Start-Stop transi
tion after the Final Event transition switches the display 
from counter 2 to counter 1. Repetitive Start-Stop 
transitions switch the display between counter 2 and 
counter 1. 

RESET 
FORCES TO---+ 
THIS STATE 

POWER OIW RESET 
DISPLAY 8LANK 

YES FINAL 
~----'::::.<: EVENT 

STOP 

,, 

FINAL 
EVENl 
STOP 

START 
STD~ 

Flow Chart for Fun.ction 3 

YES 

NO 
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Function 4 

In Function 4, counter 2 counts up beginning with a 
transition on the Start-Stop pin. Counter 2 is displayed 
counting. A second transition on the Start-Stop pin 
stores and displays the contents of counter 2. Subse
quent Start·Stop transitions update the display of 
counter 2. A transition on the Latch Control pin will 
display counter 2 counting until a transition on the 
Start-Stop pin. A Final Event Stop transition inhibi.ts the 
clock pulses to counter 2 alld displays the contents of 
counter 2. 

POWER ON 

POWER ON RESET 
DISPLAY 8LANK 

FINAL YES 

R£SET 
FORCES TO 
THIS STATE 

EVENT )------------, 
STOP 

FINAL 't'ES 
EV£!11T )--'"'-----+-----, 

""' 

COUNTEi, 2'1NHl8:1TEO 
DISPLAY COUNTER 2 

Flow Chart for Function 4 



functional description (con't) 

Function 5 

In Function 5, counter 1 and 2 count up beginning with 
a transition on the Start-Stop pin. Counter 2 is displayed 
counting. A second transition on the Start-Stop pin 
inhibits the clock pulses to counter 2, and the contents 
of counter 2 are displayed. Counter 1 continues count
ing. The third Start-Stop transition enables the clock 
pulses to counter 2 and counter 2 is displayed counting. 
Subsequent Start-Stop transitions repeat this sequence, 
all the time counter 1 continues counting. At the conclu
sion of the last event to be timed, a. Final Event Stop 
inhibits the clock pulses to both counters 1 anc! 2, and 
displays counter 2. A Start-Stop transition switches 
the display from counter 2 to counter 1. Repetitive 
Start-Stop transitions switch the display between counter 
2 and counter 1. 

RESET 
FORCEST,Q 

THIS STATE 

POWER·DN 

POWER ON RESET 
DISPLAY BLANK 

"' 

START NO 
STOP )-'---~ 

COUNTER1COUNTING 
tOUNTER 2 INHIBITED 

DISPLAYCDUNH.R2'SLWCOUNT 

ND 

flow Chart for Function 5 
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Function.6 

In Function 6, counter 1 is displayed at power-on or 
reset. Counter 1 is set to a specific count by Program 
Digit 1-4 pins. Then the comparator is enabled; Counter 
2 is displayed counting up beginning with a transition 
on the Start'Stop pin. When counter 2 is coincident with 
counter 1, the clock pulses to counter 2 are inhibited, 
the contents of counter 2 are displayed and . the Com
parator Output is enabled. Upon the transition of Reset, 
counter 1 is again displayed with the time that was set, 
and the Comparator Output is disabled. Counter 1 can 
be reprogrammed by the Program Digit 1-4 pins if 
desired. A Start-Stop transition repeats the sequence. 

If the Comparator Output pin is connected to the 
Reset pin, Automatic Reset will occur; however, this 
connection must be broken during digit programming. 

POWER ON 

POWER ore RESET 
DISPLAY COUNTER I, 

SET COUNT IN COUNTER 1 
ENABLE OOMPARATDR 

Flow Chart·for Function 6 



functional description (con't) 

Function 7 

In Function 7, counter 1 is displayed all the time. 
Coun1er 1 is set to a specific count by Program Digit 
1-4 pins. Then the Comparator and Control Cl In 
are enabled. Pin 4. and pin 35 must be floating or con
nected to V DD during digit programming. Counter 1 
counts down from the Set count beginning with a 
transition on the Start-Stop pin. When counter 1 counts 
down to zero •. the clock pulses to c_ounter 1 are inhib
ited and the comparator Output is enabled. This is not 
repeatable without setting a new count into counter ·1. 
The comparator and Control C1 In must be inhibited 
and a reset pulse must occur before the new count 
may be entered. 

Reset 

POweR ON RESET 
DISPLAY COUNTER 1, 

SET COUNT IN COUNTER t 
ENABLE COMPARATOR 

RESET 
YES 

NO 

COUNTER 1 CDUNTlt.IG DOWN 
QISPLAY COUNTER 1 

COUNTER 1 INHIBITED 
DIS~LAY COUNTER 1 

COMPARATOR OUTPUT ENABLED 

Flow Ch'art for Function 7 

This input will reset all logic and counters in Functions 
1-5 and Function 7. In Function 6, Reset will reset 
logic but not counter 1. Reset is internally pulled to 
V DD,· or a logic zero. For 'a reset to occur, the Reset pin 
must be held to V ss, a logic one. · 

Start-Stop 

This input is used to control the counters. How it a·ffects 
the counters is explained in each function. For Start-
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Stop to affect the counters, it must be held to Vss. 
a logic one. Logic zero results when the pin is tied to 
VDD or left floating (internal pull-up to V DD). 

Final Event Stop/Comparator Output 

This pin is used to indicate to the circuit that no more 
events will be timed or counted. Final Event Stop affects 
the Circuit when it is held to V85 . There is an internal 
pull-up to VDD· This pin is also an output pin,"V55 
indicates comparison between the two counters. 

Divide Scale Inputs 

These three inputs are used to determine whether the 
counters will count in Modulo 6 or Modulo 10. Table I 
shows the code for which digit will count.in Modulo 6 
or Modulo 10. A logic one is when the pin is held to 
V55 • When the pin is tied to VDD··or left floating (inter
nal pull-up to V DD), a logic zero results. 

TABLE I. Divide Scaler Code 

DIVIDE 
COUNTER 1 COUNTER 2 

SCALER 

1 2 3 04 D3 D2 Dl D4 03 02 Dl 

0 0 0 10 10 10 10 10 10 10 10 

1 0 0 6 10 10 10 6 10 10 10 

0 1 0 10 6 10 10 10 6 10 10 

1 1 0 10 10 6 10 10 10. 6 10 

0 0 1 10 10 10 10 10 10 10 10 

1 0 1 10 10 10 10 6 10 10 10 

0 1 1 10 10 10 10 10 6 10 10 

1 1 1 10 10 10 10 10 10 6 10 

Comparator Enable 

This input enables the comparator. To enable the com
parator, the pin is held to Vss or logic one. To disable 
the comparator, "the pin is tied to VoD or left floating 
(internal pull-up to VDD). 

Resolution Select Inputs 

These two inputs are used to select the frequency of the 
clock pulses to the counters, Table 11 shows the code for 
each frequency. 'A logic one is when the pin is held to ' 
V55 . A logic zero results when the pin is tied to VDo or 
left floating (internal pull-up toV DD). 

TABLE II. Resolution Select Code 

RESOLUTION FREQUENCY DISPLAY SELECT OF CLOCK TO 
1 2 COUNTERS RESOLUTION 

0 0 100 Hz 0.01 sec 
0 1 10 Hz 0.1 sec 
1 0 1 Hz 1 sec 
1 1 External 



functional description (con't) 

Clock In/Out 

This pin is either an input or output depending on the 
code at the Resolution Select inputs. If. the pin is used as 
an output pin, it will output the clock frequency the 
Resolution Select inputs have selected. When used as an 
input, an external clock is used to clock the counters. 

Blanking Output 

This output is used to blank the display at the beginning 
and· end of each· digit time to allow for internal delay 
between two cascaded chips, see Figure 3 .. The display 
is blanked when the Bla11king Output is at VDD· 

DIGIT2 
CHIP1 

DIGIT2 
CHIP2 

DIGITJ 
CHIP1 

DIGIT3 
CRIP2 

DIGIT4 
CHIP1 

'""'~ CfflP2 

BLANKING Yss 
OUTPUT Vno .~ 

'·"'"' _s-

o.03 ... :1 rl . -1M- 0.1Z2ms 

FIGURE 3. Blanking Output 

Oscillator In and Out 

A quartz crystal, resonant at 32.8 kHz, two capacitors' 
and one resistor, 'together with the internal MOS circuits 
form a crystal control'led oscillator as shown iri Figure 4. 
Varying ·one ·of the capacitors allows precise frequency 
settings. For test purposes, OSC IN is the input and OSC 
OUT is the output of an inverting amplifier. 

Vss 

6.25pF . 

· 32.BllHz o- ":" 2"'1 

Yoo 
20 

~25pf 

FIGURE 4. C,.Ystal Oscillator 

Multiplex Input and Output 

The Multiplex Input pin allows an external multiplex 
rate to be used in the chip. The multiplex rate inside the 
chip is one fourth the Multiplex Input and Multiplex 
Output rate. When using the Multiplex Input pin, the 
Multiplex Output pin must be tied to Vss. The Multi· 
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plex Output pin is four times the internal multiplex 
rate. To use the Multiplex Output pin, the Multiplex 
Input pin must be tied to VDD· The Multiplex Input 
must be used if the oscillator pins are not used. If the 
Multiplex Input pin is used, OSC IN, OSC OUT an.d the 
blanking output are not used. 

Control Ct, C2 In and Control Ct, C2 Out 

These four input pins are used to cascade two chips 
together. When the Control C1 In pin is floating (inter
n~( pull-up to V DD ) or tied to VD D, ~he clock pulses to 
counter 1 are inhibited. When Control C1 In is at Vss. 
countel' 1 is enabled. Control C1 Out is at Vss when 
counter 1 is at it s maximum count, and it is floating 
at all other times. The Control C1 In pin must be 
floating (or connected to V DD) while digit program
ming in F_unction 7. Control C2 pins operate on counter 
2 in a similar manner. 

Program Digits 1-4 

These four input pins are used to program or set any 
count desired in counter 1 in Functions 6 and 7. When 
Program Digit 1 is at Vss. the least significant digit of 
counter 1 advances at a 2.5 Hz rate. There is no carry
over from digit to digit. Program Digit 1 has no effect if 
tied to V DD or left floating (internal pull-up to V DD). 
Only one Program Digit input may be held to V55 at 
a time. 

Program Digit 1/Latch Control 

This input has two functions; besides setting a count in 
digit 1 of counter 1 in Functions 6 or 7, it also affects 
Functions 3 and 4. In Functions 3 and 4, this input 
allows the display to show counter 2 counting as des-· 
cribed in Fu.nctions 3 and 4. 

Program Digit 4/Waiting State Indicator 

This input besides setting a count in digit 4 of counter 1 
in Functions 6 and 7, also indicates that the chip has 
been reset and -Is in the stand-by mode at power-on. In 
Functions 1-;-5, the Waiting State Indicator is at Vss 
until a Start-Stop transition has occured .. Once a Start
Stop transition has occured, the output remains at VDD· 

Lead_ing Zero Blanking 

In Functions 1-5, leading zeros are blanked for both 
counters 1 and 2. In F.unctions 6 and 7, counter 2 has 
leading zero blanking. At power-on, the display is blank 
iri Functions 1--5, and all zeros are displayed in Fune· 
tions 6 and 7. 

Output Circuits 

.For BCD and Digit Ovtputs, Vss is a logic one. Figure 5 
illustrates the circuit used for all outputs except for 
Cont_rol Cl, C2 Out. The Control C1, · C2 Out circuit is 
illustrated in Figure 6. Figure 7 illustr11tes. the simple 
interface needed for an 8-digit stop-watch. Figure 8 
illustrates· the MM5865 being used to count how many 
events occur in a specified time. Figure 9 shows the 
MM5865 as a simple industrial counter when the input 
clock is a constan~ frequency above 400 Hz. 



functional description {con't) 

GND 

+1DV 

~ OUTPUT 

Q(OATAl~~Vss . . . .,.~) 
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FIGURE 5. Output Circuit 
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FIGURE 6. Control C1 Out Circuit 
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functional description (con't) 

150 
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~ 

l 
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J. 
MM14511 
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DM8863 
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FIGURE 9. Industrial Counter 
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MM53107 17-stage oscillator/divider 

general descripti<;>n 

The MM53107 is a low threshold voltage CMOS 
integrated circuit with 17 binary divider stages that can 
be used to generate a precise 60 Hz reference from a 

) 2.097152 MHz quartz crystal. An internal pulse is 
· generated by the combinations of stages 1-4, 16 and 

17 to set or reset the individual stages. The number 
the circuit will divide by.is 34,952. The MM53107 is 
advanced one count on the positive transition of each 
clock pulse. One buffered output is available: the 17th 
stage 60 Hz output. The MM53107 is available in an 
8-lead dual-in-line epoxy package. 

block and connection diagrams 

FIGURE 1 

typical performance characteristics 

Counters/Timers 

features 

• Divides by 34,952 
• Input frequency-2.097152 MHz 
• Output frequency-60 Hz 

• Crystal oscillator 
• High speed (2 MHz at Voo = 2.5V) 
• Wide supply range 2-6V 
• Low power (0.5 mW @ 2 MHz/2.5V) 
• Fully static operation 

• 8-lead dual-in-line package 

Dual-In-Line Package 

DIVIDER 
OUTPUT 

t 
Voo 

Voo NC use OUT osc IN 

MM53107 

DIVIDER Vss NC 
160 Hz) 

OUTPUT 

TOP VIEW 

FIGURE 2 

NC 

Order Number MM53107N 
See Package 17 

Typical Current Drain vs 
Oscillator Frequency 

600 

550 

500 
450 u 

~ 400 ... 350 < 

" 300 
.3 

Q 250 
E 200 

150 

3 4 

Voo IV) 
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absolute maximum ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Package Dissipation 
Maximum Vee Voltage 
Operating Vee Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

-0.3V to Vee+ o.3V 
0°C to +70°C 

--65°C to +150°C 
500mW 

6V 
2.5V to 6V 

300°C 

TA within operating temperature range, Vss = Gnd, 2.5V:::; VDD:::; 6V unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Quiescent Current Drain VDD= sv 10 µA 

Operating Current.Drain VDD= 2.5V, f1N = 2.1 MHz 200 µA 

Frequency of Oscillation VDD= 2.4V 

VDD= sv 
Output Current Levels 

Logical "1 " Source VDD =4V, 

Logical "0." Sink VOIJT = 2V 

Output Voltage Levels 

Logical "1" VDD= sv 
Logical "0" 10 = 10µ.6: 

functional description 

A connection diagram for the MM53107 is shown in 
Figure 2 and a block diagram is shown in Figure 1. 

TIME BASE 

·A precision time base is provided by the interconnection· 
of a 2,097,152 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
amplifier provided between the Osc In and the Osc Out 
terminals. Resistor R 1 is necessary to bias the inverter 
for class A amplifier operation. Capacitors Cl and C2 
in series provide the parallel load capacitance required 
for precise tuning of the quartz·crystal. 

de 2.1 MHz 

de 4.0 MHz 

100 µA 

100 µA 

5.0 v 
1.0 v 

The network shown provides > 100 ppm tuning range 
when used with standard crystals trimmed for CL = 
12 pF. Tuning to better than ±2 ppm is easily obtainable. 

DIVIDER 

A pulse is generated when divider stages 1--4, 16 and 17 
are in the correct state. This pulse is used to set or reset 
individual stages of the counter, the modulus of the 
counter is 34,952. 

OUTPUT 

The Divide Output is the input frequency divided by 
34,952. The output is a push·pul I output. A typical 
application of the MM53107 is shown in Figure 5. 

OSCIN- -oscour 

C1 
5-36 pF 

R1 
20M 

2,097, 152 Hz 
CL=1ZpF 

Voe OR Vss--<---------------
*To be selected based on the crystal used 

FIGURE 3. Crystal Oscillator Natwork 

2,168 ._ ____ Jz_.,_B4 ___ ___.I ::::: 

C2 
30 pF 

FIGURE 4. Duty Cycle 
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""' Q functional description (Contin.ued) 
M 
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FIGURE 5. Typical Application TV Channel and Time Display 
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MM5865 Universal limer Applications 

introduction 

A single chip universal counter and timer is now available 
from National Semiconductor Corporation through 
distributors of their products. 

The MM5865 universal timer contains, in one 40-pin 
package, two 4-digit counters, oscillator, 18-stage divider, 
multiplexer, and all the logic required to control the 
counters, blank leading zeros, compare the two counters, 
program o.ne of the counters, and. cascade two MM5865 
integrated circuits. 

The MM5865 provides input pins for seven modes of 
timing and/or counting operations. When. the chip is 
used as a timer, two input pins may be programmed to 
provide a display resolution of 0.01 second, 0.1 second, 
1 second, or external clock. In addition, .the modulo by 
which the counters divide may be programmed using 
three divide sca.ler input pins. 

The outputs include the comparator output, rnultiplexed 
BCD segment outputs, and digit enable. The BCD seg
ment outputs interface directly with the MM14511 
(CD4511), a BCD .to 7-segment lat9h/decoder/driver 
which interfaces with an LED display. The digit enabl~. 
outputs of cascaded MM5865s interface directly with a 

·DS8863 (DM8863). an MOS to LED 8-digit driver. A 
single MM5865 interfaces directly with a DS8877 or 
DS75492 6-digit driver. 

When a suitable crystal is used with the MM5865 oscil
lator, the counters of a single chip (or those of two chips 
cascaded) may be used as timers with the following. 
functions: · 

1. Counter 2: Start-Stop timing 
Counter 1: Total elapsed time 

2. Counter 2: Start-Stop timing 
Counter 1: Total accumulated time 

3. Counter 2: Sequential event timing 
Counter 1: Total elapsed time 

4. Counter 2: Split-timing with total elapsed time 
Counter 1: Not actively used 

5. Counter 2: Total accumulated time 
Counter 1: Total elapsed time 

6. Counter 2·: Up counte.r 
Counter 1: Programmable counter 

7. Counter 2: Programmable down counter 
Counter 1: Not actively used 
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Counters/Timers· 

Therefore, one or two MM5865s along with two other 
integrated circuits and a 4· or 8-digit display may be 
used in the following applications: 

1. Photographic enlarger timer, with each digit indi· 
, vidually programmable 

2. Stopwatch 

3. General purpose timer 

4. Event timer/counter 

5. Rally timer 

6. Navigational timer 

7. Industrial timer/counter 

The MM5865 may also be used as a frequency counter, 
or it may be used as the time reference of a larger 
frequency counter. The maximum ~scillator frequency 
of the MM5865 is 80kHz; the maximum clock input 
frequency is 100 kHz. 

how the MM5865 operates 

As can be assumed from the brief description above, the 
MM5865 is a very powerful integrated circuit, capable 
of many applications. Therefore, in order ·to fully stim
ulate the imagination of readers, its repertoire will be 
presented in detail. 

A block diagram of the MM5865 u.niversal timer is shown 
in Figure .1, and the connection diagram is shown in 
Figure 2. As nearly as possible, all technical terms in the 
following discussion conform to definitions presented 
in the Radio Shack Dictionary of Electronics, edited by 
Rudolf F. Graf. 

Multiplexer 

Because of the internal multiplexer, only one BCD to 
7-segment latch/decoder/driver need be used to inter
face one or two MM5865s to a suitable display. The 
multiplexer may be controlled in three ways. 

An externally generated multiplex frequency may be 
applied to the Multiplex Input pin of the MM5865. An 
external clock is then applied to the Clock Input pin. 
(For example, an LM555C may be used as a square-wave 
oscillator to provide the necessary input to pin 23.) 
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PROGRAM 
DIGITS 1-4 COUNTER 1 t-------------CONTROLC!OUT 

DIVIDE 
SCALER 

FUNCTIONS 
. 1-7 

CONTROL Cl IN 

CONTROL C2 IN 

RESET 

START/STOP 

FINAL EVENT 

COMPARATOR ENABLE 

CONTROL 
LOGIC 

MULTIPLEX OUT •--------1 
MULTIPLCX IN -------+--.. 

CLOCK IN/OUT _..._ __ .._~t+-------1 

RESOLUTION 
SELECT 

BUFFER 

BCD OUTPUTS 

DIGIT OUTPUTS 

CONTROL C2 OUT 

OSCIN 

DSC OUT 

t-----.. BLANKING 

F.igure 1. Internal block diagram of the MM5865 Universal Timer. 

DIVIDE SCA\.ER 1 
OIVIDESCALERZ 
DIVIDE SCALER 3 

COMPARATOR ENABLE 
FUNCTION 1 
FUNCTIONZ 
FUNCTION3 
FUNCTION• 
FUNCTION 5 
FUNCTION& 
FUNCTIOlill7 

FINAL EVENT STOP/COMPARATOR OUT 
RESET 

START/STOP 
. Cl.DCKINfOUT 

RESOLUTION SEUCT 1 
RESOLUTION SELECT'2 

BLANKING 
OSCIN 

0$COUT 

Vss 
PROGRAM DIGIT 1/LATCH CONTflOL/iso 

PROGRAM DIGIT 2 
l'RQGRAM DIGIT 3 
PROGRAM DIGIT 4/WAITING STATE/MSD 
CONTROL Cl IN 

. :~=~R(O: :::~:NTS 
BC04 
BCD8 
DIGIT 1/LSD MU5166/N 
DIGIT2 
DIGITJ 

OIGIT 4/MSO 
CDNTROi. Cl OUT 
CONTROL CZ IN 

22 =~~~::~::~NUT 
21 ' voo 

Figura 2. MM5865 connection diagram. 
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When an ex.ternal multiplex rate is applied to the Multi
plex Input pin, the Multiplex Output pin must be con
nected to V55, and the Oscillator In, Oscillator Out, and 
Blanking pins shou~d be floating, The multiplex rate 
inside the chip is one fourth the freqll<!ncy applied to 
the Multiplex Input pin .. In this mode of operation two · 
MM5865s may not be cascaded. In fact, to make use of 
the M.ultiplex Output pin, the Multiplex Input pin must 
be connected to V DD· The frequency at the Multiple·x 
Output pin is the same as that applied to the Multiplex 
Input pin. 

The multiplexer may also be controlled b~ using internal 
MOS circuits to form a crystal controlled oscillator. To 
form the oscillator a crystal, two c~pacitors, and one 
resistor must be added externally. One of the capacitors 
should be variable to allow precise frequency settings. 
When these external components are connected to the 
Oscillator .Input and Oscillator Output pins, the Multi
plex input pin must be connected to VDD· 

When the input clock is at a constant frequency above 
400 Hz the Multiplex Input pin may be connected to the 
Clock ·Input pin. In this mode of operation the input 
clock which is being counted is also used as the exter· 
nally generated multiplex frequency. The multiplex 
rate inside the chip will be one fourth the clock input 
frequency as described above. 



Oscillator 

Figure 3 shows how external components. may be 
connected to the Oscillator Input and Output pins. _A 
frequency counter used to adjust the frequency of the 
oscillator may be connected to the Oscillator Output pin 
through a 50pF capacitor. 

Divider 

Cl 

EXTERNAL 

JC2 

119 
I 
I 
I 
I 
I 
I 
I 
I 
I 20 

vss 

.---+-e-•rn 

voo 

INTERNAL 

DIVIDER 
CIRCUITS 

Figure 3. Crystal oscillator connections. 

The divider stages produce the blanking output by 
dividing the oscillator input frequency by 41. This 
output is used to blank the display at the beginning and 
end of each digit time to allow for internal delay between 
two. cascaded chips. The display is blanked when the 
Blanking Output is at Voo· 

The divider stages then divide the blanking output by 2 
to generate the Multiplex Output. The frequency which 
appears at the Multiplex Output pin is further reduced in 
frequency by the divider stages so that the Resolution 
Select pins may be used to program the resolution of the 
display. Table I shows how these two inputs are used to 
select the frequency of the internal clo_ck pulses to be 
applied to the two counters. The frequencies and display 
resolutions for an oscillator frequency of 32.8kHz are 
given. 

Tcible I. Resolution Select Code. A zero indicates that the pin is 
left floating (or connected to Voo}; a on.e indicates that the pin 
is connected to Vss· Note that when an external clock is applied 
to pin 15, pins 16 and 17 must be connected to Vss-

Resolution Select Frequency of 
Clock to Counters Display Resolution 

Pin 16 Pin 17 

0 0 100Hz 0.01 sec 
0 1 10Hz 0.1 sec 
1 0 1 Hz 1 sec 
1 1 External -

The Clock Input/Output pin is either an input or an out
put depending on the code at the Resolution Select input 
pins. If the pin is used as an output it will output the 
clock frequency selected by the program applied to pins 
16 and 17.When it is used as ~n input an external clock 
must be used to clock t~e counters. 
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Control Logic 

The block labeled "Control Logic" contains the logic 
required to select one of the seven functions, reset all 
logic and counters, start and stop th.e counters, indicate 
that a final event has occurred, and display counter 2 in 
Functions 3 and 4. 

The selection of a function is accomplished by connect
ing one of the seven function pins to Vss: the other six 
function pins are left floating. 

The R_eset Input will reset all logic and counters in 
Functions 1 - 5 and Function 7. In Function 6, Reset 
will reset logic and counter 2, but not counter 1. For 
reset to occur the Reset pin must be momentarily 
connected to Vss· Internal control logic provides power
on reset, however, to insure proper power·on resetting 
of all logic and the counters a 10µF, 35V.Solid Ta_ntalum 
Capacitor (Allied #852-5680) should be used across the 
Vss- Voo power busses. 

In Function 6, the Reset Input pin may be connected 
to the Comparator Output pin in order to automatically 
reset logic and counter 2. When this connection is made, 
a Start/Stop transition is all that is needed to repeat the 
up count of counter 2. 

The Start/Stop Input is used to control the counters by 
momentarily connecting pin 14 to Vss. The manner in 
which this input affects the counters during the execu
tion of each function will be explained as the descrip
tions of the functions are given. 

The Final Event Stop/Comparator Output pin is used to 
indicate to the circuit that no more events will be timed 
or counted. Final Event Stop affects the circuit when it 
is momentarily conr;iected to Vss· When this pin is used 
as the comparator output, a Vss level at the pin indicates 
comparison between the two counters. · 

Additional Control Logic 

The three Divide Scaler inputs permit the counters to 
be programmed to count in Modulo 6 or Modulo 10. 
Table II shows the possible codes which may be applied 
to the Divide Scaler pins. A zero indicates that the pin 
is left floating (or connected to v00); a one indicates 
that the pin is connected to Vss· ' 

Table II. Divide Scaler Code 

Divide Modulo 

Scalers Counter 1 Counter 2 

Pin Digit Digit 
1 2 3 4 3 2 1 4 3 2 1 

0 0 0 10 10 10 10 10 10 10 10 
1 0 0 6 10 10 10 6 10 10 10 
0 1 0 10 6 10 10 10 6 10 10 
1 1 0 10 10 6 10 10 10 6 10 
0 0 1 10 10 10 10 10 10 10 10 
1 0 1 10 10 10 10 6 10 10 10 
0 1 1 10 10 10 10 10 6 10 10 
1 1 1 10 10 10 10 10 10 6 10 

A zero indicates that the pin is left floating (or connected to 
Voo); a one indicates that the pin is connected to Vss· 
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For example, if the Resolution Select pins are program
med to give a 1 second display resolution (code "10") in 
a stopwatch application, and if the Divide Scaler code is 
"110," then the maximum possible count for both 
counters 1 and 2 would be 9959 (99 min, 59 sec). This 
means that the unit minutes display will advance by one 
digit every 60 seconds. 

Connecting pin 4 to Vss enables the comparator. In 
functions 1 - 5 the Comparator Enable pin must be left 
floating (or connected to V0 o). In function ~ the 
Comparator Enable pin must be connected to Vss after 
digit programming; if the Comparator Enable pin is con
nected to Vss (comparator enabled) at power on, the 
Reset pin must be momentarily connected to Vss before 
a Start/Stop transition will begin the counter 2 co1,1nt-up. 

In function 7, if the Comparator Enable pin is floating 
(or connect~d to V ool when power is applied to the 
chip, or when the function switch is switched to func
tion 7, the Comparator Enable pin must be connected to 
Vss after digit programming as in function 6; however, 
in function 7, if the Comparator Enable pin is connected 
to V ss (comparator enabled) at power on (or when the 

0 
FUNCTIONS 

1-5 

function switch is switched to function 7), the compara
tor must be disabled by 1) disconnecting the Comparator 
Enable pin from V55, and 2) momentarily connecting 
the Reset pin to Vss; this must be done before th·e digits 
are programmed. This is necessary, of course, because 
connecting the Reset pin to Vss after digit programming 
will simply reset counter 1 to "OQOO." In function 6, a 
Reset transition after digit programming does not reset 
counter 1 to "0000." 

In addition, the Control C1 In pin (pin 35) must be 
floating (or connected to Voo) during digit programming 
in function 7. After digit programming, the Control Cl 
In pin must be connected to Vss before the count-down 
begins. A DPDT, Center "OFF" switch connected as 
shown in Figure 4, may be used to. control both the 
Comparator Enable pin and the Control C1 In pin. In 
one position the DPDT switch connects the Control C1 
In pin to Vss for functions 1 - 5. Digit programming may 
be accomplished in function 7 by placing the switch in 
the Center "OFF" position. In the third position both 
the Comparator Enable and the Control Cl In pins are 
connected to Vss for functions 6 and 7. 

51 

I- ~~NL S12 I- START/STOP 

' Figura 4. Stopwatch/Timar application showing the connections for a single MM5865. Two cascaded MM5865s may also be used, as 
described in the text. 
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Pins 36-39, the Program Digit 1-4 pins, are used to 
program a desired count into counter 1 when using 
functions 6 and 7. When any of the four Program Digit 
pins are connected to V SS· the display digit of counter 1 
associated with that pin advances at a 2.5 Hz rate (assum
_ing the oscillator frequency is 32.8kHz). The Program 
Digit 1 pin advances the least significant digit of counter 
1; the Program Digit 4 pin advances the most significant 
digit. There is no carry over from digit to digit, and only 
one Program Digit Input may be connected to Vss at 
a time. 

The Program Digit 1 pin also functions as a counter 2 
latch control in functions 3 and 4. In functions 3 and 4, 
momentarily connecting the Program Digit 1/Latch 
Control pin to V ss permits the display to show counter 
2 counting. 

The Program Digit 4 pin also serves two purposes; in 
functions 1 - 5 this pin indicates that the chip has been 
reset and is in the staridby mode at· power-on. Visual 
indication of this condition may be accomplished by 
connecting a transistor between the Program Digit 4/ 
Wai,ting State Indicator pin and the Segment DP Anode 
of a multiplexed display. With the transistor connected 
as shown in Figure 4, the Waiting State Indicator pin will 
be at Vss at power-on until a Start/Stop transition 
occurs. ·After a S~art/Stop transition occurs, the Waiting 
State Indicator pin will remain at Voo until power is 
removed from the chip. 

Leading Zero Blanking 
In functions 1 -5. leading zeros are blanked for both 
counters. In functions 6 and 7, counter 2 has leading 
zero blanking but counter 1 does not. At power:on the 
display is blank (or all decimal points if the Waiting 
State Indicator pin is used) in functions 1 -5; all zeros 
are displayed in functions 6 and 7. 

Control C1, C2 In and Control Cl, C2 Out 
These four pins are used to cascade two chips together. 
In this mode of operation the primary MM5865, which 
is directly controlled by the crystal oscillator, connects 
to another MM5865 in the following manner: the 

·control ·c1 In pin of the primary chip_ is connected 
to. Vss except during digit programming in function 7; 
the Control C1 Out pin connects to the Control C1 In 
pin of the other MM5865; the Control C2 In pin of the 
primary chip is connected to V ss: the Control C2 Out 
pin connects to the Control C2 In pin of the oth~r 
MM5865; the Control C1 Out and the Control C2 Out 
pins of the second chip are left floating. 

When the Control C1 In pin is floating (or connected 
to V00) .. the clock pulses to counter 1 are inhibited. 
When the Control C1 In pin is connected to Vss, counter 
1 is enabled. Control C1 Out is at V ss when counter 1 is 
at its maximum count, and it is floating at all _other 
times. The Control C2 pins affect counter 2 in a similar 
manner. 

Other possible connections between the two chips are: 
1) all function pins c_onnected together, 2) pins 12, 13, 
14, and 15 connected together, 3) all BCD pins con
nected together, and 4) pins 39 connected together in 
functions 1 - 5 only. 

When two MM5865s are cascaded as described above, 
eight momentary .switches or individual electrical signals 
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must be provided if every digit of the display is to be 
programmable. 1.n addition, another switch would have 
to be provided to break the pin 39 connection between 
the two chips in functions 6. and 7. Of course, all of the 
switching action could be provided by one ganged 
rotary switch if desired; even the function 6 Reset to 
Comparator Out connection could be accomplished if 
the proper switch were used. 

Electrical Characteristics 

The maximum supply voltage which may be connected 
between Vss and Voo (Voo = OV) is 20V. National 
specifies that the minimum voltage at which the chip 
will operate is 7V; however. some chips will operate well 
down to V ss = 5 V. With a 9 V transistor battery used as 
the power supply, and display inhibited, the power 
supply current will be approximately 7 mA to 15mA for 
a one-chip stopwatch. 

The maximum input frequency at the oscillator is 80kHz; 
however, the oscillator and dividers are designed for stop
watch applications using a 32.BkHz crystal. (A 
32.768kHz crystal, available from Quest Electronics, 
P.O. Box 4430 E, Santa Clara, CA 95054, may be used 
without much loss in accuracy.) 

Drivers must be provided for the Digit and BCD Outputs. 
Two MM5865s ·interface directly with the MM14_511 
Segment Driver and the DS8863 Digi\ Driver. A DS8877 
or DS75492 Hex Digit Driver may be used with a single 
MM5865. 

The Seven Functions 

The one-chip circuit shown in Figure 4 indicates all 
connections necessary to employ the MM5865 as a 4-
digit stopwatch/timer. The seven available functions will 
be described using this 'figure, in which the desired 
function is selected by switching S5. When necessary, 
refer .also to Figures 1 through 3. 

Function 1 

In function 1, at power-on (S1 closed), four decimal 
points are visible on the display, indicating that the 
counters have been reset, but not necessarily all logic. 
If the Comparator Enable pin is connected to Vss (S3 
in Function 6- 7 position) at power-on, a Start/Stop 
transition (obtained by momentarily closing S12) will 
cause the decimal points to disappear from the display; 
however, the chip will not begin counting. First it, is 
necessary to place S3 in the Functions 1 - 5 position, 
then to reset the logic (by momentarily closing S11 ). 

Once all logic is reset (either by applying power with S3 
in the Functions 1 - 5 position or by the method dis
cussed above), a Start/Stop transition will cause both 
counters to begin counting up. The up-count of counter 
2 is displayed, the least significant digit advancing at a 
1 Hz rate. A second Start/Stop tral)sition inhibits the 
clock pulses to counter 2 and stores and displays the 
contents of counter 2; however, counter 1 continues to 
count. A third Start/Stop transition resets counter 2, 
enables clock pulses to counter 2 and, again, displays 
counter 2 counting up. Subsequent Start/Stop tran
sitions repeat this sequence. Counter 1 continues to 
count, from the time· of the first Start/Stop transition, 
until the occurrence of a Final Event Stop transition 
(obtained by momentarily closing S10). A Final Event 
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Stop transition inhibits the clock pulses to both counters 
and displays counter 2. After this Final Event Stop 
transition has occurred, ,a Start/Stop transition switches 
the 'display from counter 2 to counter 1. Each subse
quent Start/Stop transition alternately displays one of 
the counters. 

To summarize, in function 1 both counters start counting 
up with an initial Start/Stop transition. Counter 1 
continues to count (recording total elapsed time) until 
a Finai Event Stop transition. Counter 2 (alternately) 
starts, then· stops. counting with each Start/Stop transi
tion (timing as many intervals a.s desired), until a Final 
Event Stop transition. Any time a Reset transition 
occurs both counters are reset to "0000" and the display 
blanks. · 

F1,1nction 2 

The only difference between functions 1 and 2 is that in 
function 2, whenever a Start/Stop transition inhibits the 
clock pulses to counter 2, the clock pulses to counter 1 
are also inhibited. Start/Stop transitions which reset 
counter '2 and enable clock pulses to counter 2 also 
enable clock pulses to counter 1; counter 1 does not 
reset, however. The up-count in counter 1 resumes at the 
stored count; therefore, counter 1 records. total accumu
lated time. 

Function 3 

In function 3 the power-on conditions are the same as 
those in functions 1 and 2. Once all logic is reset a Start/ 
Stop transition causes both counters to. begin counting 
up Counter 2 is displayed counting. A second Start/Stop 
transition stores. and displays the contents of counter 2, 
resets counter 2, and initiates· a new up-count. However, 
the new up-count is not displayed. Counter 1 continues 
to count. The initial count remains displayed until a 
third Start/Stop transition. This third Start/Stop transi
tion and subsequent Start/Stop transitions ·repeat the 
sequence described above, indicating the length of time 
between successive Start/Stop transitions. 

The occurrence of a Latch Control transition. (obtained 
by momentarily closing S5) any time after the second 
Start/Stop transition will cause counter 2 to be displayed 
while counting. The count will continue to be displayed 
until a Start/Stop transition. This Start/Stop transition 
also stores and displays the contents of counter 2 and 
then resets counter 2. As before, counter 1 continu'es to 
count, but counter 2 begins a new count. 

A Final Evel')t Stop transition inhibits the clock pulses 
to both counters and displays the contents of counter 2. 
A Start/Stop transition occurring after the Final Event 
.Stop transition switches the display from counter 2 to 
counter· 1. Repetitive Start/Stop transitions switch the 
display between counter 2 and counter 1. Any time a 
Reset transition qccurs, both counters are reset to 
"0000" and the display blanks. 

Function 4 

In function 4 the power-on conditions are the. same as 
those in functions 1 - 3 .. Once all logic is reset a Start/ 
Stop transition causes counter 2 to begin up-counting. 
Counter 2 is displayed counting. A second Start/Stop 
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transition stores and displays the contents of counter 2. 
Subsequent Start/Stop transitions update the display of 
counter 2. A Latch Control transition will display 
counting until the occurrence of a Start/Stop transition .. 
This Start/Stop transition, following the Latch Control 
transition, does not rese't counter 2 as it does in function 
3. Rather, counter 2 continues to count up. A Final 
Event Stop transition inhibits the clock pulses to 
counter 2 and displays the contents of counter 2. A 
Reset transition at any time resets counter 2 to "0000." 

Function 5 

Again, in function 5 the power-on conditions are the 
same as those in functions 1 -4. Once all logic is reset a 
Start/Stop transition causes both counters to begin 
counting up. Counter 2· is displayed counting. A second 
transition on the Start/Stop pin inhibits the clock pulses 
to counter 2,, and the contents of counter 2 are dis
played. Counter 1 continues to count. A third Start/ 
Stop transition enables the clock pulses to counter 2; 
counter 2 resumes counting where it left off, and counter 
2 is displayed counting. 

Subsequent Start/Stop transitions. re~' eat this sequence 
with counter 1 counting continuou ly_ A Final Event 
Stop transition inhibits the clock puls to both counters· 
and displays counter 2. A Start/Stop tr nsition switches 
the display from counter 2 to counter 1. Repetitive 
Start/Stop transitions switch the display between 
counter 2 and counter 1. A Reset transition at any time 
resets both counters to "0000." 

Function 6 
At power-on in function 6, counter 1 is displayed with 
"0000." If the comparator is enabled (S3' in the 
Function 6- 7 position) at power on, a Reset transition 
(obtained by momentarily closing S11) is necessary· 
before a Start/Stop transition can begin the counter 2 
count-up. 

Counter 1 is programmed to the desired count by 
holding each of the four Digit Programming Switches 
Closed in turn. The comparator must then be enabled by. 
placing S3 in the Function 6 - 7 position (unless it was 
already enabled at power-on). Counter 2 is displayed 
counting up beginning with a Start/Stop transition. 
When counter 2 is coincident with counter l, the clock 
p\.ilses to counter 2 are inhibited, the contents of 
counter 2 are displayed, and the Comparator Output is 
enabled. A Reset transition after the counter 2/counter 1 
coincidence disables the Comparator Output and 
displays counter 1 with the programmed time. The Reset 
transition can be obtained either by momentarily 
closing S 11 or by connecting the reset ·Input pin to the 
Comparator Output pin after Digi.t Programming so that 
logic and counter 2 are reset automatically whenever 
counter 2 is coincident with counter 1. 

After each Reset transition, subsequent Start/Stop 
transitions repeat the sequence. Counter 1 may be re
programmed after any Reset transition, if desired. If a 
Reset transition occurs while counter 2 is counting up, 
the clock pulses to counter 2 are inhibited, counter 2 
is reset, and counter 1 is displayed with the programmed 
time . 



If a Start/Stop transition occurs while counter 2 is 
counting up, the clock pulses to counter 2 are inhibited 
and counter 1 is displayed with the programmed time. 
With the next Start/Stop transition, counter 2 resumes 
counting where it was stopped. 

I~ the Reset Input pin is not connected to the 
Comparator Output pin and if a Final Event Stop tran· 
sition occurs while counter 2 i·s counting up, the clock 
pulses to counter 2 are inhibited and the contents of 
.counter 2 are displayed. The next Start/Stop transition 
displays counter. 1 with the programmed time .. Repeti· 
tive Start/Stop transitions switch the display between 

. counter 2 and counter 1. A Reset transition followed by 
a Start/Stop transition starts the counter 2 up-count 
sequence again: 

In function 6, and also in function 7, the digit which is 
preprogrammed to count in Modulo 6 cannot, of course, 
be programmed to a digit greater than 5. 

Function 7 

In function 7 counter 1 is displayed with "0000" at 
power-on. If S3 is .in the Function 6- 7 position at 
power-on, it must be placed in the "OFF" position; 
then 511 must be momentarily closed. Counter 1 is 
set to a specific count by holding each of the four Digit 
Programming Switches closed in turn; then the 
Comparator must be enabled by placing S3 in the 
Function 6- 7 position. 

Counter 1 counts down ·from the set count beginning 
with a Start/Stop transition. When counter 1 counts 
down to zero the clock pulses to counter 1 are inhibited 
and the Comparator Output is enabled. This is riot 
repeatable without a ·new count being entered into 
counter 1. A Final Event transition halts the counter 1 
down-count, and subsequent Start/Stop transitions have 
no effect on counter 1 or counter 2. A Reset transition 
resets counter 1 to "0000." 

Peripheral 

The other components shown in Figure 4 consist of 
input/output interfaces between the user and the 
MM5865. The crystal used in this stopwatch/timer 
circuit is a watch crystal cut to oscillate at 32. 768kHz. 
(A 32.SkHz !:rystal would be best.) This means that the 
blanking frequency ·is 799.2 Hz, the multiplex frequency 
is 399.6 Hz, and the clock frequency to ·the counters is 
0.99902Hz. 

The oscillator frequency may be adjusted by connecting 
a counter to pin 20 of the MM5865 through a 50pF · 
capacitor and then varying the capacitance of C3. Any 
attempt to alter the values of R 1, C2, or C3 will probably 
fail; that is, the oscillator-. will probably not oscillate. 

Most of the switches which control the MM5865 are 
momentary push-buttons which are ava(lable from many 
sources. The function switch, however, is a very small 
8-position switch in a T0-5 package; it is available from 
James Electronics, P.O. Box 822, Belmont, CA 94002. 

The 2N4400 (a 2N3904 can also be used) drives the 
decimal point anode of the display and is itself driven 
by the Waiting State output Of the MM5865. · 

The MM14511 provides the functions of a 4-bit storage 
latch, an 8421 BCD·to-seven segment decoder, and an 
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output drive capability of 25mA. The DS8863 is an 
8-digit driver; each driver ·is capable of sinking up to 
75mA. The MM14511 may be operated at supply 
voltages up to 15V; however, the DS8863 cannot be 
operated with supply voltage greater than lOV. For 
operation with supplies up to 18V, the DS8963 is a 
direct replacement for the DS8863. 

The NSA398 is a 9-digit common cathode LED ,numeric 
display with a 1 /8-inch characteP height. Eight inputs 
are provided ·for selection of the appropriate segments 
and decimals (anodes) and nine inputs for digit 
(cathodes) selection. The anodes are internally inter· 
connected for multiplexing. The NSA398 has a red ' 
faceplate which provides excellent visual contrast and 
ease of visibility over a wide angle. Figure 5 shows the 
physical dimen.sions and pin connections of the NSA398. 

practical applications of the 
stopwatch/timer 

Now that the basic operation of the MM5865 has been 
presented, it is possible to examine practical applications 
of the seven function universal timer shown in Figure 4. 
lhis timer, as shown, has a maximum timing capability 
of 99 minutes, 59 seconds. If another MM5S65 is added 
to -the circuit, this timing capability may be extended to 
99 hours, 59 minutes, 99.99 seconds. For very accurate 

·timing, the crystal should be cut to oscillate at 32.8kHz, 
and the oscillator frequency should be precisely tuned 
to 32.8kHz. 

When the stopwatch/timer is being used to time any 
event, the display· should be disabled with S2 as much 
as possible so ·that battery power -will be conserved. 

Function 1 may be used to time two events occurring 
simultaneously in the following manner. A driver often 
tra.vels from his home to a city some hours away. On the 
way he passes a small town a.bout halfway between his 
home and the city. He wishes to know how long it takes 
him to travel from his home to the small town, how long 
it takes to travel from the town to the city, and finally, 
how long it takes him to travel from his home to the 
city. 

At the beginning of the trip the driver presses the Start/ 
Stop switch. The display· begins to record the time 
accumulating in counter .. 2. As he passes through the 
small town he presses the Start/Stop switch again and 
records the traveling time from his home to. the town. 
Then· he presses the Start/Stop switch again. As he 
arrives at the city he' presses the Final Event Stop switch 
and records the time shown in· the display as being the 
traveling time from the town to the city. He then 
presses the Start/Stop switch and· sees in the display .the 
traveling time from his home to the city. 

Function 2 may be used to record the total accumulated 
time of several events while each event is being timed 
individually. For example, a television repairman spends 
his day ordering parts, talking to customers, and repair· 
ing televisions onthe bench. He wants to record the time 
he spends repairing each set so that customers may be 
properly billed, and he wishes to record his total bench 
ti me for -the day. 
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FRONT VIEW 

RED FACE PLATE PIN CONNECTIONS 
PIN 0 NC A 

PIN 1 DIGIT 1 CATHODE a· I PIN 2 SEGMENT C ANODE 
PIN 3 DIGIT 2 CATHODE 
PIN 4 SEGMENT DP ANODE 

1/2" PIN 5 DIGIT 3 CATHODE .E D C 

L 
PIN 6 SEGMENT A ANODE e DP 
PIN 7 DIGIT 4 CATHODE 
PIN 8 SEGMENT E ANODE 

SEGMENT PIN 9 DIGIT 5 CATHODE 

.JJ 
PIN 10 SEGMENT D ANODE DESIGNATION 

PIN 11 DIGIT 6 CATHODE 
PIN 12 SEGMENT G ANODE 
PIN 13 DIGIT 7 CATHODE 
PIN 14 SEGMENT BAN.ODE 
PIN 15 DIGIT 8 CATHODE 
PIN 16 SEGMENT F ANODE. 

SIDE VIEW PIN 17 DIGIT 9 CATHODE 

Figure 5. Physical dimensions and pin connections of the NSA398. 

At the beginning and end of every bench job he presses · 
the Start/Stop switch to record· the time for each job. At 
the end of his day he presses the Final Event Stop switch, 
then the Start/Stop switch to record his total bench 
time. 

With function 4, the total time of an event may be 
·accumulated, -and the display may be updated while 
coul'lter 2 is accumulating the total time. For example, 
a long distance runner desires to pace himself over a 5-
mile run. As he starts out he presses the Start/Stop 
switch. Then, as he passes known checkpoints, he presses 
the Start/Stop switch to update the display and note the 
time of arrival at each check point. At the end of the 5-
mile run he presses the Final Event Stop switch to 
record the total time for the run. 

As an example of a function 3 application, consider an 
assembly line position at which a worker must fasten 
three parts to a piece of equipment. A super.visor wishes 
to record the time it takes the worker to fasten each part 
and the amount of time the equipment spends at thi.s 
position. 

As the worker receives the piece of equipment, the 
supervisor presses the Start/Stop· switch. The display 
begins counting up. As the worker finishes with the 
first part, the supervisor presses the Start/Stop switch. 
This time will remain in the display until the next Start/ 
Stop transition; the supervisor therefore has a chance to 
record the first event time. 

As the worker finishes wit~ the second part, the super
visor presses the Start/Stop switch again and records the 
time of the second event. After the worker finishes witl:i 
the ·third part the supervisor presses the Final. Event 
Stop switch. The display will show the third event time. 
The supervisor can then press the Start/Stop switch to 
record the total time this worker handled the equipment. 
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Function 5 may .be used to record both total accumu
lated time and total elapsed time. As an example of an 
application of function 5, consider a· pilot who wants to 
record total flying time as well as total trip time. 

As the pilot st~ts out he presses the Start/Stop switch. 
He then presses the Start/Stop switch each time he lands 
and each time he resumes flying. At the end of his trip 
he presses the Final Event Stop switch and records total 
flying time. He then presses the Start/Stop switch to 
record total trip time. 

With proper interfacing, function 6 can be used as an 
enlarger timer. A photographer programs the desired 
printing time into the display with the Digit Programming 
switches, closes the Comparator Enable switch, and 
closes the Automatic Reset switch. For each print he 
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Figure 6. The MM5865 used in a simple counting circuit. 

simply presses the Start/Stop switch to turn on the 
enlarger for the desired length of time. 

It is not necessary to enable the display vvhi!e operating 
the timer. The display must be enabled only to program 
counter 1. The Reset switch may be pressed at any time 
to turn off the enlarger. The enlarger may be turned on 
for adjusting negatives by pressing the Start/Stop switch 
without enabling the comparator. 

With proper interfacing, function 7 may be used as a 
down-count timer for many applications, including 
cooking and washing. The desired time is simply pro
grammed into counter 2, the comparator is enabled, 
and then the Start/Stop switch is pressed. Counter 2 will 
count down to zero and turn off the appliance. 

A few applications (some for which two MM5865s are 
required) have been presented to illustrate the utility 
of the MM5865. The Stopwatch/Timer discussed above 
is but one general application for which the MM5865 
may be used. 

Figure 6 shows a simple manual counting circuit in 
which the MM5865 is used to count the closures of a 
manual switch. Of course, the manual clock could be 
replaced by electrical pulses. 
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The 74COO in this circuit debounces the switch used as a 
clock, S3. An LM555 is used to provide a multiplexer 
input frequency of 233 Hz. 

The MM5865 is operating in function 5, and displays the 
up-count of counter 2. After an initial Start/Stop transi
tion, each closure of the manual switch advances the 
displayed digits by one count. A Reset transition resets 
counter 2 to "0000." 

conclusion 

The emphasis of this presentation has been on the 
general timing and programmable capabilities of the 
MM5865 rather than on specific applications. Because 
so many functions are available in one package, it is 
possible to use the MM5B65 as a general purpose chip; 
adding another MM5865 when it is necessary. In most 
applications only one or several of the seven functions 
ne~d be used; however, because of its general purpose 
nature, the MM5865 lends itself well to the concept of 
quantity purchasing. 
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A final note: Unless the start pulse is externally synchro
nized to the clock (available at pin 15 of the MM5865, if 
the internal oscillator is used), the amount of time which 
will elapse between the arrival of the start pulse at pin 14 
of the MM5865 and the appearance of the first digit in 
the· display will not be equal to the programmed display 
resolution. It is possible to develop a start pulse that is 

STAR
0
T SWITCH ~ 

TO 
PIN 14 

OF 
MM5865 

FROM 
PIN 15 

OF 
MM5866 

synchronized to the clock using an MM74C221 Dual 
Monostable Multivibrator as shown in Figure 20. The 
time constant of 'R1 -C1 should be equal to the display 
resolution, the tirrie constant of R2 • C2 should be less 
than the programmed d.isplay resolution, and the time 
constant of R3- C3:should be less than the time constant 
of R2-C2. 

Vss 

voo 

Figure 21. Start-Pulse Synchronizer. Time constant of R1 -Cl= 
display resolution. Time constant of R2 -C2 <display resolution. 
Time. constant of R3 -C3 <time constant of R2 -C2. 
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A 4-Digit, 7-Function Stopwatch/Timer 

introduction 
. This construction article is the second of a series which 
is to concentrate on applications of the MM5865 uni
versal timer. The first article, "MM5865 Universal 
Timer Applications.'' presented in detail the program
mable and functional characteristics of the MM5865. 

This second article illustrates the construction and use 
of a 4-digit, 7-function stopwatch/timer in which the 
display resolution and counter modulo may be pro
grammed with printed circuit board jumper wires. 

Other than switches, all components of the stopwatch/ 
timer are mounted on a glass-epoxy or glass,polyester 
board which is laminated with 1-ounce copper foil on 
one side. The board is mounted in the attractive instru
ment/clock case available from James Electronics. 

This instrument/clock case has provisions for the display, 
precut holes for four calculator-type switches, and a 
precut line cord hole. In addition, the case is sold with 
a red display bezel, four rubber feet, and a flip-top to 
conceal the four switches which may be assernbled in 
the precut holes. 

A display resolution of 1. second, 0.1 second, or 0.01 
second may be programmed by on-board jumpers or a 
suitable switch. Furthermore, the counters may be 
programmed to count in modulo 6 or modulo 10. 

When used as a photographic enlarger timer or as an 
applia.nce timer, each digit is individually programmable 
with one of four pushbutton switches. The comparator 
output of the timer may be· coupled to an enlarger/ 
appliance control cirqiit that can be permanently 
mounted to the enlarger or appliance. 

Applications for the stopwatch/timer include, but are 
not limited to, the following: 

• Laboratory reaction and interval timer 

• Photographic enlarger and chemical processing timer 

• Stopwatch 

• Event timer 

• Appliance timer 

A simple listing of possible applications for the timer 
does· not adequately describe the enormous power of 
the instrument. A tabulation of the seven functions 
which includes a break-out of the functions performed 
simultaneously by counters 1 and 2 of the MM5865 is 
much more revealing, and is presented below: 

1. Counter 2: Start-stop timing 
Counter 1: Total elapsed time 

2. Counter 2: Start-stop timing 
Counter 1: Total accumulated time 

3. Counter 2: Sequential event timing 
Counter 1: T<,ltal elapsed time 
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4. Counter 2: Split-timing with total elapsed time 
Counter 1: Not actively used 

5. Counter 2: Total accumulated time 
Counter 1: Total elapsed time 

6. Counter 2: Up counter 
Counter 1: Programmable counter 

7. Counter 2: Programmable down counter 
Counter 1: Not actively used 

operation 
The switches which control the operation of t~e stop
watch/timer ar.e visible on top of the case shown in the 
photographs of Figures Ta and Tb. Each switch is 
indicated in the schematic drawing of Figure 2. 

In Figure Ta, the switch int.he rear right hand corner of 
the case. is a 7-position rotary Function Switch (F). At 
the front of the case the switches are, from left to right, · 
Digit 4 Programming Switch (D4). Digit 3 Programmi~g 
Switch (D3). Comparator Switch (C), Digit 2 Program
ming Switch (D2), and Digit 1 Programming (D1)/ 
Latch Control (LC) Switch. Digit 1 is the least significant 
digit (LSD); Digit 4 is the most significant digit (MSD). 

There are four switches under a center flip-cover. These 
are shown in Figure Tb. From left to right they are 
Final Event Switch (FE), Reset Switch (R). Start/Stop 
Switch (SS), and Automatic Reset Enable Switch (ARE). 

The ARE switch is used only in function 6; it must be 
OFF for all other functions. The C switch has th'ree 
positions: Comparator/Count Enable (CCE), used for 
functions 6 and 7; Program Enable (PEI, used· for 
function 7; and Count Enable (CE). used for functions 
1 through 5. The D1/LC switch is a dual purpose switch; 
for functions 3 and 4 it serves as the latch control switch, 
and for functions 6 and 7 it serves as the Oigit 1 program
ming switch. There' is no ON-OFF switch. Power is 
applied to the stopwatch/timer by plugging the line cord 
into a 120VAC/60 Hz outlet. 

Table I is a tabulation of the abbreviations used for the 
switches and the functions to which they apply. If the F 
switch is set to any of the stop watch functions. ( 1 
through 5) when power is initially applied to the 
stopwatch/timer, the display will remain blank. See 
"MM5865 Universal Timer Applications" for information 
on using pin 39 as a 'power on indicator. 

To operate the stopwatch/timer in any of the stopwatch 
functions, rotate the. F switch to one of-the stopwatch 
function positions, place the ARE switch in the OFF 
position, place the C switch in the CE position, and press 
the R switch. ' 
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(a) (b) (c) 
Figure 1. External Photographs of Stopwatch/Timer. a) View of Function ·switch, Comparator Switch, and Digit Programming Switches. 
b) With flip-cover raised, four additional switches are seen. The flip-cover is designed so that a press of the closed cover closes the Start/ 
Stop Switch. c} A ininiature jack is mounted at the rear of the case so that a cable f!'8Y be run to the appliance control box. 

02.....L..,, 

03.....L..ss 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L---- - - - -- - --- ----- ------ - ---- - -''--- --~- - _ _J 

vss 

voo 

ENABLE 

Sil 

INHIBIT 

DISPLAY CONTROL 
toPTIONAL) 

R - 150~! 

FUNCTION 
SWITCH 

MT2 

S'llJ .--+--+-+---. 

TRIAC 

Figure 2. Schematic Diagram of the 4-0igit, 7-Function Stopwatch/Timer. As drawn, the display resolution is 1 second. A SPST switch 
may be included between pill 16. of IC2 and vSs to provide a display resolution of 0.01 second or 1 second. Another option. shown in 
the figure, is the Display Contr.ol Switch. which may be used to inhibit the display. 

Table I. Switch Abbreviations 

Abbreviation Switch Functions 

ARE Automatic Reset Enable 6 
c Comparator 1-7 
D1 LSD Programming 6, 7 
D2 Digit 2 Programming 6, 7 
D3 Digit 3 Programming 6, 7 
D4 MSD Programming 6, 7 
F Function 1-.7 
FE Final Event 1-5 
LC Latch Control 3,4 
R Reset 1- 7 
SS Start/Stop 1-7 
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Table 11. Resolution Select Code. A zero indicates that tl'\e pin · 
is left floating (or connected to Voo); a one indicates that the 
pin is connected to Vss· Note that when an exterrial clock is 
applied to 'pin 15, pins 16 and 17 must be connected to Vgg. 

Resolution Select Frequency of 
Display Resolution 

Clock to Counters Pin 16 Pin 17 

0 0 100Hz 0.01sec 
0 1 10Hz 0.1 sec 
1 0 1 Hz 1 sec 
1 1 External -

Table 111. Divide Scaler Code 

---·------r---
Divide ~ Modulo 
Scalers Counter 1 Counter 2 

Pin Digit Digit 
1 2 3 4 3 2 1 4 3 2 1 

0 0 0 10 10 10 10 10 10 10 10 
1 0 0 6 10 10 10 6 10 10 10 
0 1 0 10 6 10 10 10 6 10 10 
1 1 0 10 10 6 10 10 10 6 10 
0 0 1 10 10 10 10 10 10 10 10 
1 0 1 10 10 10 10 6 10 10 10 
0 1 1 10 10 10 10 10 6 10 10 
1 1 1 10 10 10 10 10 10 6 10 

A zero indicates that the pin is left floating (or connected to 
Vool; a one indicates that the pin is connected to V55. 

Press the SS switch to initiate a sequence of timing 
series. Press the SS switch again to end a serial (functions 
1, 2, 3, 5) and simultaneously initiate a new serial while 
freezing the display (function 3), or to freeze the display 
during a continuous count sequence (function 4). 

Press the SS switch a third time to initiate a new timing 
serial (functions 1, 2, 3, 5) 0 r to update the display 
during a continuous count sequence (function 4). 
Subsequent presses of the SS switch will repeat the 
action described above. 

Press the LC switch to display a continuing, undisplayed 
count (functions 3 and 4). Press the FE switch to end a 
sequence. A final press of the SS switch at the end of a 
sequence is required to display total elapsed time 
(functions 1, 3, 5) or total accumulated time {function 2). 
Subsequent presses of the SS switch after the end of a 
sequence simply repeat the display of the final serial 
time, then the total elapsed or total accumulated time. 

The operations which may be performed in each function 
are shown in the flow charts of Figures 3 through 8. 
The first line of type in each PROCESS rectangle indi
cates a switch or the display upon which an action may 
be performed. The second line of type indicates the 
position in which the switch must be placed or the 
action to be performed. The parallelograms in the flow 
char ts indicate. points at which a DECISION must be 

made. The operation of each function is detailed in the 
first article of this series. 

To operate the timer in function 6, rotate the F switch 
to function 6, place the C switch in the CCE position, 
and press the R switch. The display will show four zeros 
when the R switch is pressed. 

The count-up time is programmed into the timer by 
pressing D 1 through 04, one switch at a time, until the 
desired count·up time appears in the display. 

After digit programming, place the ARE switch in the 
ON position if automatic resetting is desired. The initial 
press of the SS switch will cause the display to blank, 
then to indicate the count-up to the programmed time. 
During the up-count the CA3059 will be enabled, 
allowing the appliance to be turned on. When the count
up reaches the programmed time, the comparator output 
will go from 0 volts to 8.4 volts. At this time the CA3059 
will be inhibited, and the appliance will turn off. 
Pressing the R switch any time after the digits have been 
programmed c.auses the comparator and counter 2 to 
reset. Switching the C switch to OFF causes the com
parator output pin to go to Voo as long as it is OFF. 
If the C switch is again placed in the CCE position 
(before the R switch is pressed), the comparator output 
pin will go back to Vss- Of course, any time the FE 
switch is pressed the comparator output will go to Vss· 

If the ARE switch is ON, the count-up sequence may be 
repeated by pressing the SS switch again. Nothing need 
be changed until it is necessary to reprogram the digits. 
When reprogramming is necessary, simply change the 
time shown in the display to the new time, with the 
ARE switch in the OFF position, using the digit program
ming switches. Then press the SS switch to start the up
count. If the ARE switch is OFF, it is necessary to press 
the reset before starting a new count-up. 

To operate the timer in function 7, rotate the F switch 
to function 7, place the ARE switch in the OFF position, 
place the C switch in the PE position, and press the R 
switch. The count-down time is programmed into the 
timer by pressing D 1 through 04, one switch at a time, 
until the desired count-down time appears in the display. 
The C switch must then be placed in the CCE position. 

Pressing the SS switch will cause counter 1 to begin its 
down-count from the programmed time to "0000" and 
will cause the CA3059 to be enabled, turning on the 
appliance as in function 6. When counter 1 reaches 
"0000" the CA3059 will be inhibited, turning the 
appliance off. The down-count is displayed, and may be 
halted at any time by pressing the FE switch; the down
count may not be resumed. Pressing the R switch any 
time after digit programming will reset counter 1. 

When using function 7, the comparator must be disabled 
and the R switch must be pressed before digit program
ming. Then the comparator must be enabled. This is 
unlike function 6, in which digit programming is allowed 
at any time, regardless of the state of the comparator. 
In addition, the ARE switch must not be used in 
function 7. 

g 
I 

I 



en 
CD 
'7 
z 
ct: 

DO 
NOTHING 

START 

END 

Figure 3. functions 1 and 2. Pressing START/STOP after FINAL EVENT has been pressed gives Total Elapsed Time in Func~iorl 1, 
Total Accumulated Time in Function 2. 

DO 
NOTHING 
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Figure 4. Function 3. P_ressing START/STOP after FINAL EVENT has been pressed .gives Total Accumulated Time. 
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Figure 7. Function 6. 

END 

Figure 8. Function 7. 
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interfacing the stopwatch/timer 
with an appliance circuit 

There ar.e many ways to interface the comparator output 
with an appliance control circuit. One method of inter
facing the MM5865 with an appliance control circuit is 
shown enclosed in dotted lines in Figure 2. Figure 2 is 
the schematic diagram of the stopwatch/tinier. 

The 74C02 has been. included as the interfacing element 
between . the comparator output pin and the trigger 
circuit of a triac. Figure 9 is a detailed schematic of the 
74C02 connections which form a NOR latch. 

COMP OUTPUT 
PIN 12 Ot= MM5865 

START/STOP 
PIN 14 OF MM5865 

><l>-"13'-4---+ 0 UTPUT 

figure 9. Detail of the 74C02 NOR Latch. The latch Anterfaces 
the MM5865 to the CA3059. 

The appliance control circuit does not cause RFI because 
the triac is triggered by a zero-voltage switch. Triac 
firing can be inhibited by the application of .a positive 
(up to 10V) voltage to pin 1 of the CA3059. 

When power is initially applied to the stopwatch/timer 
the Sand R inputs of the latch are both ."O." When the 
R switch is pressed, the output of the latch will go to 
Vss. inhibiting the CA3059 pulses to the triac. 

When the SS switch is pressed (after digit programming) 
the output of the latch will go to V DD and the CA3059 
will be enabled, turning on the appliance. As the pro
grammed time is reached by counter 2 of the MM5865 
(function 6), or as counter 1 reaches "0000" (function 7), 
the comparator output will go to Vss. the output of the 
latch will go to Vss. and the CA3059 will be inhibited, 
turning off the appliance. 

The inhibit level provided by the latch may be removed 
from the CA3059 by opening the Appliance Enable 
Switch. This allows the appliance to be turned on for 
adjustments. For example, when the timer is used with 
an enlarger, the Appliance Enable Switch permits 
enabling of the enlarger lamp for focusing and mag
nification adjustments .. 

The output of the latch is connected to the appliance 
control circuit via a tape recorder cable which plugs into 
a jack mounted at the rear of the stopwatch/timer case 
and a jack mounted on the appliance control circuit 
housing. The housing for the appliance control circuit 
should also have a socket into which the appliance may 
be plugged, unless a direct connection is desired. 



As shown in Figure 2, the appliance control circuit 
consists of a triac and its trigger circuit. When the 
CA3059 zero voltage switch is enabled, the trigger 
circuit applies a brief gate signal to the triac for every 
alternation of the AC line voltage. After the triac is 
turned on by the gate signal, it remains on for the 
complete half cycle until the zero-crossing point is 
reached at the end of the alternation. The appliance 
receives the full AC line voltage under these conditions. 

If the NOR latch inhibits the trigger circuit while the 
triac is conducting, the triac cuts off when the line 
voltage approaches zero. It remains off until another 
gate signal is applied. Therefore, the NOR latch controls 
the AC input to the appliance. 

With the heat sink specified the triac can safely handle 
appliances rated up to 100 watts (0.83 Amp). For 
greater appliance loads a larger heat sink should be used. 
The specified triac is able to handle appliance loads up 
to 10 Amps. Of course, the fuse must be large enough to 
handle the current drawn by the appliance. Use a fast 
blow fuse if possible. 

construction 

The printed circuit board was designed specifically for 
the James Electronics' instrument/clock case only after 
assurance that the company has a permanent source for 
the cases; however, the board m.aY be mounted in any 
case of sufficient size. 

Because the layout of the PC board requires that some 
traces be proximate, the board must be inspected. while 
it is being etched. During these inspections proper 
resolution of the traces is maintained, if necessary, by 
rinsing the board in water and carefu!ly scraping the 
photoresist from any copper which forms a short circuit 
between adjacent traces. The scraping is done best with 
an X-Acto blade. Etching should be continued with 
frequent inspections. 

FIG. IOA 

0 
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If the exposure time, the amount of light, and the 
development time are exactly correct, trace resolution is 
usually not a problem. However, it is difficult to compute 
and control these variables without performing many 
experiments. The inspection method described above 
can save many boards which otherwise would be lost 
because of trace resolution defects. 

In addition to the care which must be given to the PC 
board during the etching process, excessive solder should 
be avoided when soldering to the pads. In case of diffi
culty with timer operation during thecheckout procedure, 
suspect the board immediately. 

Furthermore, no thought should be given to the idea of 
not using sockets for the integrated circuits. James 
Electronics has four socket styles. All are adequate 
except the wire wrap sockets. (The diameter of the wire 
wrap leads is too large.) However, it is easier to insert 
and remove !Cs from the standard tin and gold sockets. 

The drilling guides shown in Figure 10 indicate all drill 
sizes for the parts shown in the parts I ist. Every effort 
has been made to allow the board to accommodate a 
variety of components. For this reason, there are extra 
pads and punch guides on the drilling guides. Refer also 
to the component layouts shown in Figure 11. The 
boards may be prepared using the Xl positives shown in 
Figure 12. 

The bottom half of the James case should be prepared 
for the board by removing the 6 plastic pegs at the front 
of the case if they are present. The pegs may be removed 
by grasping them in the jaws of a long·nose pliers and 
shaking them from side to side while pulling on the 
pliers. 

The earphone socket should be· drilled out from the 
outside of the bottom half of the case with a 31 /64-inch 
drill bit. This will allow a 7-funqion rotary switch to be 
moun.ted in the right hand (facing the display) corner of 
the rear section of the top half of the case. When doing 
this, first press the bit to the 3/8-inch hole in the bottom 
half of the case, then turn on the drill. The bit should 
slice the earphone socket off with 4 or 5 turns of the 
chuck. 
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Figure 10. Drilling Guides for the Printed Circuit Boards. a) Drill :r:.i.:zes and hole locations for the Stopwatch/Timer PC board. b) Drill 
sizes and hole locations for the appliance control circuit. Dimensions are in inches. 
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The center portion of the.top half of the case has been 
designed for a switch assembly composed of three push
button switches and one slide switch. The assembly is 
made of calculator-type switches and a flex-circuit; 
however, James Electronics provides neither the switches 
nor the flex-circuit. 

Figure 13a shows the layout of the flex-circuit; Figure 
13b is a view of the flex-circuit after it has been folded 
over the thin plastic insulator which is shown in Figure 
13c. The insulator must be oriented so that the circular 
cutouts are between the two sets of four copper hexa
gons. The copper trace through each hexagon forms one 
contact of a SPST switch. 

-------------11.6"--------------i 

9 1 9 

(a) 

I·. o • o • o. 0 I 
(c) 

(d) 
~I 

Figure 13. Flex-Circuit Assembly. a) Layout of the flex-circuit. b) Layout of the flex-circuit after it" has been folded to form the 
contacts of three SPST momBntary pushbutton switches and 'one SPST slide switch. c) Thin plastic insulator which mUst be inserted 
between the folded portions of the flex-circuit. d) Plastic cove~ which fits over the flex-circuit assembly to hold it in place in the.top of 
the case. 

If the automatic reset feature for function 6 is to be 
included, cut the slide switch hexagon connection to 
Vss as shown in l=igure 14 and cut a little square piece 
from the thin insulator. This small square should be just 
large enough to allow a solder connection to be made 
between the trace going to the slide switch hexagon and 
the trace going to the FE switch hexagon. To solder 
the traces· together, pretin both traces slightly, fold the 
flex,circuit as shown in F_igure 13b, and apply a small 
soldering iron tip to the trace going to the slide switch 
hexagon at a point above the insulator cutout. 

0 0 0 

e 0 
·o 0 0 0 

0 0 0 o. 0 0 

The switches should then be placed in the top of the box 
in the spaces provided. The flex-circuit is then placed 
over the switches. Finally, the plastic cover fits over the 
entire assembly as shown in Figure 15. Holding the 
plastic cover firmly in place, touch a clean soldering iron 
tip to each of the plastic pegs protruding through the 
holes in the plastic switch assembly cover until the 
assembly cover is sealed to the top of the case. Cut the 
single tall plastic peg to the rear" of the switch assembly 
cutout if there is one. 

0 0 0 0 0 0 

0 
0 0 0 

0 0 0 0 0 0 

. Figure 14. Full-Size Partial Orawi~g o~ the Flex-Circuit Layout Showing the Trace which Must be Cut if the Auto Reset Option is 
Desired. 
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Figure 15. Photograph Showing the Internal Construction of the Stopwatch/Timer. Note how flex-circuit runs from the top of the case 
to the trace-side of the printed ~ircuit board. · 

Drill the holes for the rotary function sw,itch, the 
comparator switch, and the four programming switches 
as shown in the drilling guide of Figure 16. The drilling 
guide must be modified as shown in Figure 17 if the 
Centralab PS-101 switch is used. The holes. for the 
rotary switch must be marked and drilled precisely. 
In addition, if the Centralab PS-101 switch is used the 
filter capacitor. C1, must lie on its side to make room 
for the function switch. Mounting the top of the case to 
the bottom is easier if the Centralab PS-101 switch is 
used. If desired, a jack may be mounted in the bottom 
half of the case in the right hand rear corner, behind C1, 
to provide a quick con.nection to an enlarger or appliance 
control circuit. The fit will be tight, but a miniature jack 
can be mounted without much difficulty. This completes 
the case preparations. 
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Before parts are mounted to the PC board, the fit of the 
board to the case should be checked. It may be necessary 
to adjust the mounting holes slightly with a small round 
file. Try not to completely ·break the traces surrounding 
the mounting holes. Th~re are six mounting holes in the 
PC board. These holes match six plastic pegs in the 
bottom of the case. Two of the pegs are to be inserted 
through the transformer mounting flanges if a trans
former of the correct size is used. If the Radio Shack, 
or some other transformer which does not fit precisely, 
is used, it may not be possible to fit the pegs through the 
transformer mounting flanges. 

After the IC. sockets are mounted, the transformer and 
C1 should be mounted. If the Centralab PS-101 switch is 
used, the filter capacitor should be attached to the board 
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Figure 16. Dritling Guide for the Case Top if t.he MRC-1-10 Rotary Function Switch is Used. (Dimensions in inches.) 
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Figure 17. Drilling Guide for the Case Top if the PS-101 Rotary Function Switch is Used. (Dimensiorls in inches.) 

with leads that ar.e long enough to permit the capacitor 
to lie on its side. The diameter of Cl must not be greater 
than 0. 7 inch and its length must not be greater than 
1.2 inch: 

The display mounting pins should be soldered to the 
display. before the display is mounted to the board. Be 
careful not to I ift the display pin pads when soldering. 

Wires must be soldered to the board and connected to 
the switches mounted to the top of the case. Refer to 
the wiring diagram shown in Figure 18. 
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Wire jumpers may be used ·to program the display. 
resolution and the modulo of the counters using the 
charts shown in Tables I and II. The connections shown 
in Figure 2 cause the display to read in tens of minutes, 
minutes, tens of seconds, and seconds; maximum time is 
99 min 59 sec. A pad which allows a connection to an 
external clock is available at pin 15 of the MM5865. 

After all components have been mounted and alt wire 
connections have been made, proceed to the preliminary 
checkout and adjustments section before applying 
power to the board. 

)> 
z ,. 
-a. en 
co 



c:n 
co 
'7 
z 
<( 

Figure 18. Wiring Diagram f.or the Switches Mounted: in the Case 
Top. 

preliminary checkout and adjustments 

The following tests and adjustments should be carefully 
completed before power is applied to the stopwatch/ 
timer or the appliance control circuit. 

Rotate the F switch to function 7, place the ARE switch 
in the OFF position, place. the C switch in the CCE 
position, and disconnect the tape recorder plug from the 
jack at the rear of the stopwatch/timer case. Adjust R 1 
for minimum resistance. Do not connect any appliance 
to the appliance control circuit, but do place a fuse in 
the fuse holder. 

Measure .the following points for the indicated amount 
of resistance: 

1. Across the stopwatch/timer line cord plug> 50 ohms 

2. Across Cl, with VOM on X 1 K scale and common 
probe to V00 , > 5k ohms, after Cl charge,s 

3. Across R 1 < 15 ohms 

4. Across C2 > 100 ohms. 

5. Across the appliance control circuit line plug> 1 Ok 
ohms 

If these values of resistance cannot be found at the 
points indicated, check the PC boards for opens or shorts 
as necessary. Then, with a VOM connected across C2, 
apply power to the stopwatch/timer; the VOM should 
read slightly more than 1 volt. Increase the resistance of 
Rl until the.VOM reads 8.4volts. Slightly under 8.4volts 
is better than slightly over. Pressing the reset switch 
should cause "0000" to appear on the display, unless the 
jlisplay already reads "0000." 

If the display is blank or indicates only one or two 
zeroes, the oscillator is probably not oscillating. Rotate 
C3, 360 degrees if necessary, while observing the display. 

. If the display still fails to respond properly, check the 
voltage at pin 20 of the MM5865; it is very close to 6 
volts when the oscillator is functioning. 
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After oscillation has been confirmect the display should 
be examined for segment and digit defects: If any 
segment or digit do~s not appear in the display (The g 
segment does not appear when the display reads all 
zeroes.), the board and the display mounting pin connec
tions must be checked. 

When handling the stopwatch/timer before it is mounted 
in its case, extreme care must be used to not break the 
connections between the flex-circuit and the printed 
circuit board. However, these connections need not be 
made until the oscillator and display have been checked. 
out. 

After the oscillator and display checkout, the frequency 
of the oscillator should be adjusted to the crystal fre· 
quency using C3. Then the board may be placed in the 
bottom of the case. The balance of the preliminary 
checkout consists of stepping through the operational 
flow diagrams in Figures3-8; a VOM should be con
nected to the output jack during the functions 6 and 7 
checkout. If any of the switches under the flip cover 
fail to respond, check to see if the flex-circuit is broken 
at the point where it connects to the board. 

final assembly and checkout 

The board may be fastened to the bottom of the case by 
forcing =6 tinnerman nuts over the plastic pegs which 
appear through the holes indicated in Figure 11. This 
may be done easily with a 5/16-inch nutdriver. Then 
force the line cord in the cutout provided. 

The top of the case may then be carefully fitted to the 
bottom, with the red plastic filter partially in place. 

A slot in each half of the case retains the filter when the 
case halves are fastened. If the M RC-1-10 switch is used, 
the fit will be tight because of its proximity to Cl. The 
cutout for the line cord in the top half of the case must 
be forced over the line cord. 

Once the two halves are fitted properly, fasten them 
together ·using the four screws provided with the case. 
Install the rubber feet and proceed with the final check
out. 

The final checkout is a repetition of the operational 
checks using the flow diagr.~ms. Each option at each 
decision point in every flow diagram should be exercised. 

resolution and accuracy 

If a crystal is used for the time base of the stopwatch/ 
timer, the accuracy of the displayed count will, of 
course, depend upon the particular crystal used. In 
addition, because the MM5865 begins to count on the 
leading edge of the s.tart/stop pulse, the width of this 
pulse becomes important when the event time IS very 
short. 

For example, when coupling the timer to an appliance, 
if the width of the start/stop pulse is longer than the 
event time, the appliance will not turn off at the end of 
the programmed time. 

This is why C5 and R4 have been included. Together 
they insure that the start/stop pulse will not be longer 
than 0.01 second. ThH; pulse width should be adequate 
for most users. C5 and R4 may be omitted if the length 



of time the start/stop switch is to be held closed will 
always be less than any timed event. When C5 and R4 
are omitted, the SS switch simply connects to Vss. 

As to crystal accuracy, the stopwatch/timer will lose-
0.001 sec/sec if a 32. 768kHz crystal is used instead of a 
32.BkHz crystal. This should be insignificant for most 
users. 

Also, the display resolutions which may be programmed 
by on board jumper .wires will be adequate for most 
users. Figure 2 illustrates the connections to the MM5865, 
which will cause the display to read in tens of minutes, 
minutes, tens of seconds, and seconds. 

When it becomes desirable to achieve a display resolution 
which allows the timing of events that are hours in 
length, it is necessary to provide the MM5865 with an 
external time base. This may be done by cascading two 
MM5865s or by using a simple timing circuit built around 
an LM555 timer or a digital clock. Figure 19 shows how 
an MM5315 digital clock may be used as a time base for 
the MM5865. T~e MM5315 itself uses the line frequency 
as a time base. The MM5315 is shown as it would be 
connected for a 60Hz line frequency. 

When an external time base is provided for the MM5865 
in this manner, an external multiplexer must also be 
provided. The oscillator formed with the 74C14 supplies 
the desired multiplex frequency as shown in Figure 19. 

A final note: Unless the start pulse is externally synchro
nized to the clock (available at pin 15 of the MM5865, if 
the internal oscillator is used), the amou_nt of time which 

TO PIN 23 OF 
IC2 

.. 
u .. 
~ 

M 
~ 

will elapse between the arrival of the start pulse at pin 14 
of the MM5865 and the appearance of the first digit in 
the display will not be equal to the programmed display 
resolution. It is possible to develop a start, pulse that is 
synchronized to the clock using an MM74C221 Dual 
Monostable Multivibrator as shown in Figure 20. The 
t_ime constant of R 1 - C1 should be equal to the displily 
resolution, the time constant of R2 - C2 should be less 
than the programmed display resolution, and the time 
constant of R3- C3 should be less than the time constant 
of R2~c2. 

START SWITCH i 
TO 

PIN 14 
OF 

MM5865 ·---
FROM 
PIN 15 

OF 
MM5865 

R3 

vss 

vaa 

Figure 20. Start-Pulse Synchronizer. Time constant of R1 -C1 ~ 
display resolution. Time constant of 'R2 - C2 < display resolution. 
Time constant of R3-C3 <time constant of R2-C2. 

R2 R3 02 
CZ 

20 

27 

Rt 2Dkll, %W, 5% RESISTOR 
Ot R2 22Dk!!, %W, 5% RESISTOR 

R3 tOOk!!, %W, 5% RESISTOR 
Ct O.tµF CAPACITOR 

2t C2-C4 O.Otµf CAPACITOR 
Dt 1N4002 DIODE 
02 B.2V ZENER DIODE 

Figure 19. Using an MM5315 Digital Clock and an External Multiplexer to Provide an External Time Base for the MM5865 to Generate 
a Display Resolution of 1 Minute. 
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R1 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
C1 
C2 
C3 

C4 
C5 
C6 
C7 
D1. D2 
T1 
IC1 
IC2 
IC3 
IC4 
IC5 
IC6 
IC7 

PARTS LIST 

5kQ trimpot 
240Q, Y.W, 5% resistor 
20MQ, Y.W, 5% resistor 
1 Mn, Y.W, 5% resistor 
100kQ, Y.W, 5% resistor 
5.1 kQ, Y..W, 5% resistor 
4.7kQ, Y..W, 5% resistor 
10kQ, 1W, 5% resistor 
470-1000mF, 25V capacitor 
lOmF, 25WVoc solid tantalum capacitor 
6-25pF variable capacitor. Sprague QT1·18 
4- 30pF may be used. 
25-27pF, disc ceramic capacitor 
0.01mF disc ceramic capacitor 
100mF, 25WVoc capacitor 
0.05mF, 200WVoccapacitor 
IN4003 
10-16.5V AC@ 300mA transformer 
LM317T voltage regulator 
MM5865 universal timer 
CD145l 1 decoder/driver/latch 
DS8877 or DS75492 digit driver 
RA07-1.50 resistor array 
74C02 quad 2-input NOR gate 
CA3059 zero voltage switch 

NSB5411 4 FULL DIGITS 

Triac 
Fl 
XTAL 

S1,S3,S5 

S2 

S4 
S6-S9 
S10 

S11 
S12 
Display 

Heat Sink 
Misc. 

HEP R1723 
1 A fast or normal blow fuse 
32.8 kHz crystal (32. 768 kHz can be substi· 
tuted. Timer will lose about 35 sec in 11 hr 
20 min of use.) 
SPST. NO, momentary pushbutton switches; 
part of flex-circuit switch assembly. 
SPST slide switch; part of flex-circuit switch 
·assembly. 
DPDT, center OFF toggle switch 
SPST, NO, momentary pushbutton switches 
7-12 position rotary switch - Centralab 
PS-101 or Alcoswitch MRC·1·10. 
SPST toggle switch 
SPOT toggle switch (optional) 
National Semiconductor NSB5411 4-digit 
multiplexed display. 
T0-220 heat sink. Two needed. 
16 display mounting pins (strip of 16 pins); 
1 case; Clock/Instrument (available from 
James Electronics); 1 flex·circuit; 1 flex
circuit insulator.; 2 Tinnerman nuts, #6; 
fuseholderi appliance control box, #LMB 
C.R.-234; 115V AC chassis mounting socket; 
miniature jacks; phone cable (shielded); IC 
sockets. 

1-----~-.-----.,- J.oo--------.i•I RED FACE PLATE 

FRONT VIEW 

PIN·CDNNECTIDNS · 

ANODE G -PIN 1 
ANODE F -PIN 2 
AND DE E -PIN 3 
ANODE D -PIN 4 
ANDOE A -PIN 5 
ANODE C -PIN 6 
ANODE B -PIN 7 

MOOE AM/PM INDICATOR -PIN 8 

PIN 1&- ANODE COLON TOP 
PIN 15- CATHODE 5 
PIN 14- CATHODE 4 
PIN 13- CATHODE 2 AND J 
PIN 12- CATHODE 1 AND AM/PM 
PIN 11- LIGHT SENSOR 
PIN 10- LIGHT SENSOR 
PIN 9- ANODE COLON BDTTDM 

A 

F~B 
E{J;J]c 

SEGMENT 
DESIGNATION 

SIDE VIEW 

DP 

FiQure 21. Dimensions and Pin .Connections for the National Semiconductor Corp. NSB5411 4-Digit, Multiplexed Display. Mounting 
holes for a photocell are included on the display board. 
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Electronic Organ Circuits 

MM5554. frequency divider 

general description 

The MM5554 frequency divider provides six stages 
of binary division to produce six octave-related 
outputs of an electronic musical instrument tone 
generator. Each divider stage consists of an asyn
chronous, DC-coupled flip-flop. The six stages are 
internally connected in cascades of one, two, and 
three flip-flops. Each flip-flop drives a push-pull 
output .buffer, which provides low output impe· 
dance in both logic states. Two of the internal 
cascades also provide trigger outputs for use in 
cascading the divider stages. The timing diagram 
shown results from connecting the same input 
trigger to all three inputs. 

The. MM5554 complements the MM5555/MM5556 

logic and connection diagrams 

chromatic frequency generator; output charac
teristics and. power supply requirements are com
patible. The MM5554 is packaged in a 14-lead 
dual-in-line. package. 

features 
• 0 to 500 kHz toggle frequency 

• 1-, 2-, 3-stage partitioning 

applications 
• Electronic organs 

• Electronic music synthesizers 

• Musical instrument tuners 

Typical Organ Tone Generator 

INPUT 1 

INPUT 3 

v., 

Dual-In-Line Package 

UOUTPUT FREQUENCIES HI 
llEYSWITCHING CIRCUrTRY 

~-< >l---t-14-oUTPUT28 

fTl--.. 1-3 0UTPUT2A 

,-j[]}--1""12-.ouTPUT 1 

r>J--J<01'-1 OUTPUT JC 

I >l~-.. 1-D OUTPiJTlB 

GND 

TOP VIEW 

3·2 

12noTALl 
MM5554 

FREQl/iNCY 
!)IYIDERS 

Order Number MM5554N 
See Package 18 

CHROMATIC 
FREOUUC'I' 
GEttERATOR 



absolute maximum ratings 

Logic Supply Voltage !Vaa> 
Buffer Supply Voltage (V 88 ) 

Trigger Input Voltage (V1T) 
Po~er Dissipation (P0 ) 

Storage Temperature (T5) 
Operating Temperature (TA) 

Vss + 0.3V to Vss - 33V 
Vss +0.3V to Vss-18V 
Vss + 0.3V to Vss -18V 

250mW 
-55°C to +100°C 

0°Cto +70°C 

electrical characteristics 

TA within operating range (V GG = -27 ±2V, V BB = -10 ± .5V), .unless otherwise noted. 

PARAMETER SYMBOL MIN TYP MAX 

Trigger I ni:>uts: 
Frequency f1T DC 500 

Rise and Fall Times (10% to 90%) t,.,t, 25 

Pulse Width lat 90%) pw 1 

Logical High Level V1TH ~2.5 Vss 

Logical Low Level VITL -TB.O -7.0 

Leakage C~rrent flTL 1.0 

Trigger Outputs: (loaded TOM ohm 
to ground, TA = 25°C) 

Logical High Level VOTH -1.5 0 

Logical Low Level VaTL. -TO 

Buffer Outputs: (loaded 20K ohm 
to ground and 20K -ohm to Vea, 
TA= 25°C) 

Logical High Level VoH -1.0 0 

Logical Low Level VoL v •• -8.0 

Supply Currents: (no output 
loads, TA= 25°C) 

Logic Supply laa 4 

Buffer Supply las 20 

timing diagram 

INPUT P,INS3,5,6 

STAGE 1 OUTPUT PINS 9,12,13 

TRIGGER OUTPUT 1 .... 
STAGE 2 OUTPUT PINS 10,14 

TRIGGER OUTPUT z· PINZ 

STAGE 3 OUTPUT I .. .;..' ___ ___,! PIN 11 

3.3 

UN.ITS 

kHz 

ns 

Jl$ 

v 
v 

µA 

v 

v 

v 
v 

mA 

µA 



Electronic Organ Circuits 

MM5555, MM5556 chromatic frequency generators 
general description features 
The National Semiconductor MM5555, MM5556 
chromatic frequency generators are MOS/LSI 
frequency synthesizers ·designed to generate musi
cal frequencies. The circuits provide thirteen semi
tone outputs, fully spanning the equal tempered 
octave. The divisors have been carefully selected 
to offer excellent tuning accuracy and to eliminate 
any "loc.ked" (just-intoned) fifths. Output charac
teristics are fully compatible with the MM5554 
Frequency Divider. The MM5555 or MM5556 is 
packaged in a 14-lead dual-in-line package. 

connection and logic diagrams 
Dual-In-Line Package 

• Single-phase squarewave input 

• 7 kHz to 2.2 MHz input frequency 

• Accuracy of 0.5129 cent 

applications 
• Electronic organs 

• Electronic music synthesizers 

• Musical instrument tuners 

Dual-In-Line Package 

*Usedonlyfortesting.Pin 
4isnormallygrounded. 

output 

NOTE 

ca 
C9 

BB 

A =8 

AB 

G =8 

GB 

Order Number MM5555N 
See Package 18 

Typical Organ Tone Generator 

Order Number MM5556N 
See Package 18 

2.liGMH, 
TRrnGERlNPUT>-----------------~ 

850UTPUTFRE0.UENCIESTO 
KEYSWITCHINGCIRCUITRV 

12fTOTAtl 
MM555'1 

FRtllUENCV 
[llVIDERS 

CHROMATIC 
FREOUENCY 
GENERATOR 

details (2.12608-MHz input) 
MM5555 MM5556 

OUTPUT E.T.S. CENT OUTPUT E.T.S. 
DIVISOR FREQUENCY FREOUENC,Y ERROR NOTE DIVISOR FREQUENCY FREQUENCY 

508 4185.20 4186.01 -0.326 
F =8 359 5922 ?3 5919 91 

254 8370 39 8372 02 -0.326 
FS 380.5 5587.60 588765 

269 7903 64 7902 13 tQ.321 
ES 403 5275.63 5274 04 

285 7459 93 7458 62 +0.295 
0 =8 427 4979, 11 4978 03 

302 7040 00 7040.00 
DB 452 5 4698 52 4698 64 

320 6644.00 6644 88 -0 '221 c :::8 479 5 4433 95 4434 92 
339 6271 62 6271 93 -0.082 

3-4 

CENT 
ERROR 

•O 658 

-0.017 

JQ 507 

•O 364 

-0042 

-0 368 



absolute maximum ratings 
Clock Generator Voltage (V GG) 

Logic Supply Voltage (V 00 ) 

Buffer Supply Voltage (V BB) 

Trigger Input Voltage (V1T) 

Power Dissipation (P 0 ) 

Storage Temperature (T8 ) 

Operating Temperature (TA) 

electrical characteristics 

0.3V to -33V 
0.3V to-25V 
0.3V to-1BV 
0.3V to-18V 

800mW 
-55°C to +100°C 

0°C to +70°C 

TA Within operating range (V GG = -27V ±2V. V 00 = -14V ±1 V. V BB = -1QV ±0.5VL unless otherwise noted. 

PARAMETER 

Trigger Input 
Frequency 

Capacitance 

Rise and Fall Times 
(10% to 90% at 2.2 MHz) 

Pulse Width (at -5.0V) 

Logical High Level 

Logical Low Level 

Leakage Current 

Buffer Outputs: (loaded 20 kD to 

ground and 20 kD to VBB• 
TA= 25°C) 

Logical High Level 

Logical Low Level 

C8 Duty Cycle 

C #8 thru C9 Duty Cycle 

Supply Currents: (no output loads, 
TA= 25°C) 

Clock Generator Supply 

Logic Supply { MM5555 
· MM5556 

Buffer Supply 

SYMBOL MIN 

7.0 

t,. tt 

pw 0.4T 

-2.0 

-16 

-1.0 

IGG 1.5 

loo 16 

loo 22 

lss 

typical performance characteristics 

loo vs Ambient Temperature TA 

f1T = 2.2 MHz 
Van"' -12V 

42 -25 < VGG < .:..30 
V00 -;-15V-

zz t---t--t--t--+---t-t---t-~ 
18 ~~~-+-~~-~~~ 

-10 0 10 zo 30 40 50 60 70 

T, -TEMPERATURE (°C) 

3-5 

TYP MAX 

2126.08 2200 

0 

-10 

50 

30 

•oovsVoo 

flT • 2.2 MHz 
V1TL ·= -12V 

7.0 

30 

0.6T 

0.3 

-8.0 

1.0 

0 

-8.0 

3.5 

34 
40 
25 

42 -25<VGa<-30 

38 T,=2s0 c - t-J~ 

~ ~ l--+---t--t--:J;.-""f~'--1----:;1 .• _ 
~ _...v1 '11-""~ 

Q :: 1..-1 ...)/ 
zz ~ 

1-

-12 -13 -14 -:15 -16 

VoD (VJ 

UNITS 

kHz 

pF/pkg 

ns 

1 
(T=-) 

f1T 

v 
v 

µA 

v 
v 
% 

% 

mA 
mA 
mA 
µA 

s: 
s: 
(J1 
CTI 
CTI. 
(J1 

s: 
s: 
CTI 
CTI 
CTI 
en 

D 



Electronic Organ Circuits 

MM5559 serial-to-parallel converter 

general description applications 
• Matrix displays and printers The MM5559 serial-to-parallel converter provides 33 bits 

of conversion in a single package. A serial output facili
tates cascading these devices to provide larger conversions. 

• Musi.cal instrument keyboard/tone generator interface 
controllers 

features 
• 33 Parallel outputs 

• Serial output 

• DC-to-250 kHz operation 

logic and connection diagrams 

CLOCK 
INPUT 

TYPICAL 
OUTPUT 

Vo EXTERNAL 
I LOAD 

~ 
t 

---+-...,
OUTPUT LOAD 

REFERENCE 
VOLTAGE 

(Vss TO Vss-JDV) 

33-Bit Serial-to-Parallel Converter 

timing diagram 

CLOCK 

DATA IN 

DATA OUT 
(SERIAL) 

TRANSFER 

SERIAL 
DATA 
OUTPUT 

VGt 

CLK 

DATA IN 

Bll1 

BITZ 

BIT3 

BIT4 

BITS 

BIT 6 

BIT7 

BITS 

BITg 

BIT 10 

BIT 11 

BIT 12 

BIT 13 

BIT 16 

BIT 17 

Dual-In-Line Package 

TOP VIEW 

Order .Number MM5559N 
See Package 24 

.. dR 
ENABLE~~~~~~~~~~~-f· _'p-dp~~~~~~~~~~~ 

DATA OUT 
(PARALLEL) 

3-6 

Von 
Vss 
DATA OUT 

TRANSFER ENABLE 

BIT 33 

BIT32 

BIT31 

BITJD 

BIT29 

BIHB 

BIT 27 

BIT26 

BIT25 

BIT 24 

BIT23 

BIT22 

BIT 21 

BIT 20 

BIT 19 

BIT 18 



absolute maximum ratings 
Voltage At Any Pin 
Voltage At Any Output Pin 
Operating Temperature 

Vss + 0.3 toVss-25V 
Vss + 0.3 to Vss - 33V 

.0°C to +70°C 

de electrical characteristics 

Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

-55°C to +100°C 
300°C 

TA within operating range, Vss = OV, Voo = -10V, ±10%, VGG = -20V ±10%, output load reference voltage= 
OV to -30V (via external load resistor) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Data Input Voltages 

Logic High Level Vss-2.2 Vss v 

Logic Low Level Vss-11 Vss-7 v 

Clock and Transfer Enable Input Voltages 

Logic High Level Vs5-1.0 V5s v 

Logic Low Level Vss-11 Vs5-ll.6 v 

Input Capacitance 7 pF 

Input Leakage Current TA= 25°C, V1N = V55-11 10 µA 

Clock Input Frequency Duty Cycle = 50% 0 250 kHz 

Rise and Fall Times Vs5-2.2 through Vss-8.6 0.2 µs 

Transfer Enable Input 

Pulse Width Time at Vss-8.6 1.6 µs 

Rise and Fall Times 0.2 µs 

Parallel Outputs 

Output Voltage Jo=2mA Vss-2 v 

Leakage Current TA= 25°C, Vo= Vss-30 10 µA 

Serial Output Voltages 

Logical High Level Loaded 56Hl to Voo vss-2 vss v 

Logical Low Level Loaded 560 kU to V SS voo V55-8 v 

Power Supply Currents 

Drain Supply, loo 10 mA 

Gate Supply, IGG (Note 1) 7.5 20- mA 

Note 1: The magnitude of IGG is modulated by the parallel .output data; the current is inversely proportional to the number of outputs 
that are high (sourcing current). The typical value of 7 .5 mA is representative of an alternating 1 'sand O's output pattern. 

ac electrical characteristics 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

tds Data Setup Time Referenced from Vss - 7 on Data In 0.4 µs 

to Vss - 8.6 on Clock In 

ldh Data Hold Time 0.2 µs 

ltd Transfer Delay Referenced from Vss - 8.6 0.6 µs 

tw Transfer Strobe Width 1.6 µs 

Propagation Delay 

tpds Serial High-to-Low IVss to Vool 3.0 µs 

Low-to-High 1.2 µs 

lpdp Parallel Low-to-High with 10 kH .Load 1.2 µs 

a 
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Electronic Organ Circuits 

MM5823, MM5824 frequency dividers 

general description 

These frequency dividers provide six stages of binary 
· division to produce six octave-related outputs of an 

electronic musical instrument torie generator. Each 
divider stage consists of an asynchronous, de-coupled 
flip-flop. 

The six .stages of the MM5823 are internally connected 
in cascades of two, one, one, and two flip-flops. Each 
flip-flop drives a push-pull output buffer which provides 
very low output impedance in both logic states. 

The six stages of the MM5824 are internally connected 
in cascades of one, two and thre.e flip-fl.ops. Each flip· 
flop drives a push-pull output buffer which provides very 
low output impedance in both logic states. Two of the 
internal cascades also provide trigger outputs for use in 
cascading the divider stages. 

The timing diagram shown results -from connecting the 
same input trigger to all three inputs. 

connection diagrams 

Dual·ln-Line Package 

v •• 

INPU.T 1 

INPUT2 

INPUTJ 

NC 

INPUT4 OUTPUT 4A 

Voo MM5823 Vss 

TOP VIEW 

Order Number MM5823N 
See Package 18 

3-8 

The MM5823 and MM5824 complement the MM5832, 
MM5833 and MM5555, MM5556 chromatic frequency 
generators; output characteristics and power supply 
requirements are compatible. The MM5823 and MM5824 
are packaged in a 14-lead dual-in-line package. 

features 

• 0 to 100 kHz toggle frequency 
• 1, 2, 3 or 2, 1, 1, 2 stage partitioning 

applications 

• Electronic organs 
• Electronic music synthesizers 
• Musical instrument tuners 

[!ual-ln·Line Package 

v •• 14 OUTPUT 28 

TRIGGER 2 13 OUTPUT ZA OU.T.2 

INPUT2 tZ OUTPUT 1 

TRIGGER 4 11 OUTPUT JC 
OUT.1 

INPUT1 10 OUTPUT 38 

INPUTJ 
9 

OUTPUT JA 

Voo Vss 

TOP VIEW 

Order Number MM5824N 
See Package 18 



absolute maximum ratings 

Logic Supply Voltage (V GG I 
Buffer Supply Voltage (V DD) 

Trigger Input VoLtage (V 1T) 
Power Dissipation (PD) 
Storage Temperature (Ts) 
Operating Temperature (TA) 

electrical characteristics 

0.3V to-30V 
0.3V to-18V 
0.3V to-25V 

250mW 
-55°C to +150°C 

0°C to +70°C 

TA within operating range (VGG = -27 ±1 V, VDD = -11.5 ±0.5V, Vss = OV). unless otherwise noted. 

PARAMETER 

Inputs· 

Frequency (f 1T) 

Rise and Fall Times (10% to 90%) (t,, t 1) 

Pulse Width (at 90%) (pw) 

Logical High Level (V 1rn) 

Logical Low Level (V 1TL) 

Leakage Current@ V 1TL = -18V (lnLl 

Trigger Outputs: (loaded 10M ohm 
to ground, TA = 25°C) 

Logical High Level (V ornl 

Logical Low Level (VoTLI 

Outputs: (loaded 10k ohm to ground 
and 10k ohm to VDD, TA = 25°C) 

Logical High Level (V OH) 

Logical Low Level (V 0L) 

Supply Currents: (No output !pads, TA = 25°C) 

Logic Supply (IGGI 

Buffer Supply (IDDI 

MIN 

DC 

2 

-2.0 

-18 

V 55 -1.5 

-18 

-0.5 

VDD+0.3 

3.9 •.' 

TYP 

Vss 
-10 

2.0 

MAX 

100 

25 

0.3 

-8.0 

1.0 

Vss 
·-10 

-0.3 

VDD+0.5 

8.0 

20 

UNITS 

kHz 

µs 

µs 

v 
v 

µA 

v 
v 

v 
v 

mA 

µA 

s: 
s: 
CJ1 
CX) 
N 
w 



typical application 

c #B -::-

2.00024MHz 
TRIGGER INPUT >-----------1>-------------, 

~JV>---------~--t----------1..---+-------------~ 

-14V >-------e-+---1-------~ 

-1ov,,...-----.-+-+---t-------1..-+-+---+-------~ 

MM5824 

10 11 12 13 14 

7 6 5 4 3 C .itl DB -= 

MM5833 

MM5824 

8 • 

7 6 5 4 3 02 

85 OUTPUT FREQUENCIES TO 
KEVSWITCHING CIRCUITRY 

TO 9 AOD'L 
MM5824 

MM!i832 

12 (TOTAL) 
MM5824 

FREQUENCY 
DIVIDERS 

Typical Organ Tone Generator 

CHROMATIC 
FREQUENCY 
GENERATOR 

CB 

MM!'i824 

timing diagram 

TRIGGER 
INPUT 

OUTPUT 

OUTPUT'~---

OUTPUT---,._ _______ _, 

3-10 
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Electronic Organ Circuits 

MM5832, MM5833 chromatic frequency generator 

general description 

The National Semiconductor MM5832, MM5833 chro
matic frequency generator is an MOS/LS I frequency 
synthesizer designed to generate musical frequencies. 
The circuits provide thirteen semi-tone outputs, fully 
spanning the equal tempered octave. The divisors have 
been carefully selected to offer excellent tuning accu· 
racy. Output characteristics are fully compatible with 
the MM5554, MM5823 and MM5824 Frequency Dividers. 
The MM5832 or MM5833 is packaged in a 14-lead dual
in-line package. 

features 

• Single-phase squarewave input 

connection diagrams 

Dual-In-Line Package 

14 
GNO CB 

TRIGGER INPUT 
•z q cg 

NC 
1Z 

88 

• 7 kHz to 2.1 MHz input frequency 

• Maxi.mum error of 1 .16 cent 

applications 

• Celeste tone generator 

• Electronic music synthesizers 

• Organ tone generators 

• Chorus tone generators 

Dual-In-Line Package 

14 
GNO NC 

fAIGGER INPUT 
13 

H8 

12 
NC " 

MM583Z 11 
*RESET A :r8 

*Used only for testi11g. Pin 4 is 
normally gmunded. .. RESET MM58J3 11 

E8 

Voo 
Ill 

AB 

Voo G"11 

v., G8 

TOP VIEW 

Order Number MM5832N 
See Package 18 

3-11 

10 
D '8 

Voo 08 

v., C"11 

TOP VIEW 

Order Number MM5833N 
See Package 18 
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M 
M 
00 
in 
2 
2 
N 
M 
00 
in 
2 
2 

absolute maximum ratihgs 

Clock Generator Voltage (V GG) 

Logic Supply Voltage (VDD) 

Buffer Supply Voltage (V88 ) 

Trigger Input Voltage (V1T) 

Power Dissipation (PD) 
Storage Temperature (Ts) 

Operating Temperature (TA) 

electrical characteristics 

Vss + 0.3V to Vss - 33V 
V58 + 0.3V to V85 - 25V 

V58 + 0.3V to V55 - 18V 

Vss + 0.3V to V55 - 18V 

800mW 
-55°C to +100°C 

0°C to +70°C 

TA within operating range (VGG = ~27V ±2V, VDo = -14V ±1 V, V 88 = -10V ±0.5V, Vss = OV), unless otherwise noted. 

PARAMETER MIN 

Trigger Input 

Frequency ( f 1T) 7.0 

Capacitance (Cff) 

Rise and Fall Times (t,, t 1 ) 

(10% to 90% at 2.1 MHz) 

Pulse Width (at -5.0V) (pw) 0.4T 

Logical High Level (V1TH) +0.3 

Logical Low Level (V1TL) -16 

Leakage Current (I 1TL) 

Buffer Outputs: (loaded 20 kS1 to 

ground and 20 krl to V88 , TA= 25°C) 

Logical High Level (VoH) -2.0 

Logical Low Level (V 0 L) Vas 

CS Duty Cycle 

C ;;'.8 thru C9 Duty Cycle 

Supply Currents: (no output loads, 
TA=25°CI 

Clock Generator Supply (IGG I 1.5 

Logic Supply (I DD) 16 

Buffer Supply (1 88 1 

typical performance characteristics 

50 

46 

42 

;; 38 

.s 34 
c 

.E 
30 

26 

22 

18 

too vs Ambient 
Temperature TA 

fn"' 2.1 MHz 
l-ylTL "'·-12V 
t-- -25 ~ VcG ::;:-30 

V00 = -15V 

~2/MM58~3 
-

t-i 

t-i 

-10 0 10 20 30 40 50 60 70 

TA -TEMPERATURE ('C) 

3-12 

TYP 

2000.24 

0 

50 

30 

50 

46 

42 

;; 38 

.s 
c 34 
c 

30 

26 

22 

MAX 

2100 

7.0 

30 

0.6T 

-2.0 
' 
-8.0 

1.0 

0 
-8.0 

3.5 

34 

25 

loo vs Voo 

f1T"'2.1 MHz 

VnL=-12V 
-25 S: VGG 5:-30 
TA"' 25°C 

-13 -14 

Voo (V) 

-15 

UNITS 

kHz 

pF/pkg 

ns 

(T = 1/f1T) 

v 
v 

µA 

v 
v 
% 

% 

mA 

mA 

µA 
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typical application 

2.00024 MHz 

-27V :>..,.--------+--------11--.... ----------~ 
-14V :>..,.-----e>-1---+------~ 

-10V r-----i~-+--+------+-+-+---+-------. 

c"' 

MM58JJ 

85 OUTPUT FREQUEN_CIES TO 
KEVSW\TCHING CIRCUITRY 

TO 9 Aoo·L 
MM5824 

MMSB32 

12 {TOTAL) 
MM5824 

FREQUENCY 
OIVIOERS 

Typical Organ Tone Generator 

output details 12.00024 MHz input) 

MM5832 

NOTE DIVISOR 
OUTPUT E.T.S. 

FREQUENCY FREQUENCY 

C8 478 4184.61 4186.01 

C9 239 8369.21 8372.02 

BB 253 7906.09 7902.13 . 

A#8 268 7463.58 7458.62 

A8 284 7043.10 7040.00 

G #8 301 6645.32 6644.8B 
,'(.1:1 

GB 319 6270.34 6271.93 1~ 

MM5833 

NOTE DIVISOR 
OUTPUT E.T.S. 

FREQUENCY FREQUENCY 

F #8 338 5917.B7 5919.91 

F8 358 55B7.26 5587.65 

EB 379 5277.68 5274.04 

D #8 402 4975.72 4978.03 

08 426 4695.40 4698.64 

c #8 451 4435.12 4434.92 

3-13 

CHROMATIC 
FREQUENCY 
G£N£RATOR 

C8 

CENT. 
ERROR 

0.565 

-·0.565 

0842 

1.119 

0.740 

0.112 

-0.424 

CENT. 
ERROR 

-0.580 

-0.117 

1.160 

-0.780 

- 1.159 

0.076 

C9 

s: 
s: 
Cl'I 
co 
w 
N 

s: 
s: 
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co 
w 
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MM5837 digital noise source 

general description 

The MM5837 digital noise source is an MOS/MSI 
pseudo-random sequence generator, designed to produce 
a broadband white noise signal for audio applications. 
Unlike traditional semiconductor junction noise sources, 
the MM5837 provides very uniform noise quality and 
output amplitude. The shift register starts at a random 
non-zero state when power is applied. The circuit is 
packaged in an 8-lead Epoxy-8 mini-DIP. 

features 

• Uniform noise quality 

logic and connection diagrams 

•• 
v,,. v,. 

Electronic Organ Circuits 

• Uniform noise amplitude 

• Eliminates noise preamps 

• Self-contained oscillator 

• Single component insertion 

applications 

• Electronic musical rhythm instrument sound 
generators 

• Music synthesizer white and pink noise. generators 

• Room acoustics testing/equalization 

Dual-In-Line Package 

Voo 

NC 
OUTPUT 

CLOCK OSCILLATOR 

Voo Voo 

3-14 

OUTPUT 

TOP VIEW 

Order Number MM5837N 
See Package 17 



absolute maximum ratings 

Optional Gate Supply Voltage, VGG Vss - 33V to Vss + 0.3V 
Logic Supply Voltage, V 00 Vss - 25V to Vss + 0.3V 

Storage Temperature, Ts --55°C to +100°C 

Operating Temperature, TA 0°Cto+70°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 
TA within operating range, Vss = OV, V 00 = -l4V ±l.OV, VGG = -27V ±2V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output (Loaded 20 kQ to V ss TA =25°C 
and 20 kQ to V 0 o 

Logical "1" Level Vss-1..5 Vss v 
Logical "O" Level Voo V00 +1.5 v 
Logical "O'" Level VGG=-14V±1V Voo V 0 o+3.5 v 

Supply Currents 

loo No Output Load 3 8 mA 

IGG 7 mA 

Half Power Point 24 56 kHz 

Cycle Time 1.1 2.4 Sec 

3-15 



Electronic Organ Circuits 

MM5871 rhythm pattern generator 

general description 

The MM5871 rhythm pattern generator is an MOS/LSI 
circuit, fabricated with P-channel enhancement-mode 
and ion-implanted, depletion-mode devices. The PLA 
implementation is programmed to produce 6 rhythm 
patterns which may be combined in any manner and 
provide 5 instrument-trigger outputs. Trigger output 
pulse width is determined by an external RC network, 
(Figure 1). A similar network, including a potentiometer, 
determines tempo of the on-chip oscillator. This circuit 
is packaged in a 16-pin Epoxy-B DIP, (Figure 2). Figure 
3 illustrates the standard pattern coding. Figure 4 is a 
programming worksheet for ordering custom patterns. 

features 

• On-chip tempo oscillator 

• Variable output pulse width 

• 6 rhythm patterns 

block and connection diagrams 

• 5 trigger outputs 

• Flexible supply voltages 

• Low power dissipation 

standard patterns 

• Waltz (3/4) 

• Swing (3/4) 

• Country/Western (3/4) 

• March (4/4) 

• Latin (4/4) 

• Rock (4/4) 

applications 

• Electronic organs 

• Portable rhythm boxes 

Vss---1 ----<=t:r----+•) 

Voo-----e---t----e---t---i,--+ 

~~MAINING 
CIRCUITS 

SWING 

C/W 

WALTZ 

LATl/11 

ROCK 

MARCH 

FIGURE 1. 

BASS 
ORUM 

WOOD 
BLOCK· 

BONGO 
ORUM 

BRUSH 
CYMBAL 

SNARE 
NOISE 

Dual-ln~Line Package 

TEMPO CONTROL 

PUlSE WIDTH CONTROL 

16 
SWING {E} } J 

15 -·TIME 

COUNTRY!WESTERN (f) :ATTERN SELECT 

14 WALTZ (0) . INPUTS 

Vss 

~ TIME { ROCK !C) 
6 

P;TTEAN LATIJIJ (Bl 
SELECT 
INPUTS MARCH (A) 

1l ) 

SNARE NOISE , 

1Z BRUSH NOISE 

11 BONGO ORUM TRIGGER 
OUTPUTS 

JO WOOD BLOCK 

9 BASS DAUM 

TOP VIEW 

FIGURE 2. 
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absolute maximum ratings 

MIN MAX UNITS 

Supply Voltages VGG -33 0.3 v 

Voo -22 0.3 v 
Input Voltage -18 0.3 v 
Storage Temperature Ts -55 100 oc 
Operating Temperature TA 0 70 oc. 
Lead Temperature (Soldering, 10 seconds) 300 oc 

electrical characteristics 

TA within operating range, Vss = OV, Voo = -14V ±2V, VGG = -27V ±2V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

. Tempo Control Input c to Vss = o.0056 µF 

Minimum Tempo R to Voo = 1.1 MO. 9.1 bps 

Maximum Tempo R to Voo = 120 krl. (Note 1) ?.27 bps 

Pulse Width Control Input Cto Vss= 0.0056µF 

R to Voo = 100 krl., (Note 1) 2 3 4 ms 

Select Inputs 

Logic High Level (Active Level) Vgg-0.75 vss Vgg+0.3 v 

Input Current V1H = Vss 0.2 mA 

Logic Low Level voo Voo v00 +o.75 v 

Trigger Outputs 

Logic High Level (Active Level) (w/20k to Vool Vgg-0.37 Vss+o.3 v 

Leakage Current VoL = Voo •. (Note 2) -10 µA 

Supply Currents (No Output Loads) 

loo 20 mA 

IGG 5 mA 

Note 1: Both the Tempo Control and Pulse Width Control inputs utilize external RC networks to determine tempo antj strobe pulse width. Addi
tionally, these parameters are affected by the Vss - Voo voltage. Therefore, for these tests the RC values apply to Vss- Voo = -14 ±0.5 volts. 

Note 2: All trigger outputs are open-drain transistors. The active output level is therefore high, and the off condition is high impedance as indiCated 
by the specified leakage current. 
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w 

cc 

Device: MM5871 

Customer: 

Pattern: AA (Standard) 

Device 

Pm 

9 
iO 

DEVICE PIN 

Rhythm Name 
Rhythm Space 
Time 

Instrument Trigger 
Outputs: 
Instrument Cord 

Name Address 

Bass Drum AO 
Bloc_k _____ A_1 

MM5871 

16 15 14 8 

x 
x x 

Bon yo A2 

Brush A3 

11 

12 
x x1x1x1x1x1~l:lxlxHHx+xt-x~~f-xi-~--fxl 1x1x1 ~~ I x 

13 Snare A4 x XI I I IXIXI I IXI I I IXIXI 10 
AS a 
A6 0 

.. , .. Totals I 2 I a I o I 2 I o I 1 I o I o I o I 2 I 1 I 1 I 2 I 1 I 2 Io I o I o I 2 Io I 2 I o I 2 I o I o I a Io I 3 I 1-11 I 2 I 2 I 1 I 3 I 3 I 2 I 1 I 3 I 2 I 2 I 1 I 3 I 3 I 2 Io o I 2 I o I 2 I 2 I 63 

Note 1: Jn this chart, "X" represents the presence of a gate in the spot. 

Note 2: "X""'"' 1; negative logic. 

Device: MM5871 

Customer: 

Pattern: 

0Pv1ce 

F'111 

10 
11 

DEVICE PIN 

f:ihythrn Name 

Rhythm Space 
rime 

Instrument Trigger 
Outputs 
lnstrumerir Carel 

f\Jilrne Address 

Bass Drurn AO 
Block Al 
Bonqo A2 
l:lrush A3 

A4 

16 15 

FIGURE 3. Standard Pattern Coding 

14 

A5 
----·-- h4-- -+-

A6 
"1" To'.Jls 

Note ·1: Combination counts of 5 on 3/4 time are not programmable, i.e., no gates in "555" section. 

Note 2: In this chart, "X" represents the presence of a gate in the spot. 

Note 3: "X" """ 1; negative logic. 

FIGURE 4. Programming Worksheet For Ordering Custom Patterns 



Electronic Organ Circuits 

MM5891 MOS top octave frequency generator 

gen~ral description 
The MM58g1 top octave frequency generator is an 
MOS/LSI frequency synthesizer designed to generate 
musical frequencies. The circuit provides 13 semitone 
outputs, which encompass the equal tempered octave. 
The divisor set approximates the 12..J2 semitone interval 
to an accuracy of± 1.16 cent. 

Low threshold voltage enhancement-mode and depletion· 
'mode devices are utilized; the MM5891 therefore 
operates from a single, wide range power supply. 
Power dissipation is less than 600 mW. The circuit is 
packaged in the 16-pin Epoxy B dual-in-line package. 

Potential RFI emission of the input clock is minimized 
by positioning the clock input between the Vss and 

block diagram 

2.00024 MHz 
CLOCK 

OUTPUT 
DRIVERS 

o=a 

EB 

FB 

F=B 

GB 

G"B 

AB 

A=a 

C9 

CB 

3-19 

Voo pins. Chip layout also isolates the clock and output 
buffer areas. Additionally, the outputs are slew+limited 
to reduce RF spectral content of the output signals. 

features 
• Single power supply 

• Broad supply voltage op~rating range 

• Low power dissipation 

• High output drive capability 
MM5891AA-50% output duty cycle 
MM5891AB-30% output duty cycle 

connection di ag ram 

Dual-In-Line Package 

Vss 
16 

+47B 

CLOCK 
15 

+239 

vao 
14 

+253 

13 
+26B +451 

+426 
12 

+284 

11 
+402 +301 

10 
+319 +379 

+35B 
9 

+338 

TOP VIEW 

Order Number MM5891 N 
See Package 19 
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absolute maximum ratings 

Voltage on Any Pin Relative to Vss 
Operating Temperature (Ambient) 
Storage Temperature (Ambient) 

+0.3V to -20V 
O'C to +50°C 

-40°C to +100°C 

recommended operating conditions 
IO'C::; TA::; 50'Cl 

Supply Voltage IVssl 

Supply Voltage IVool 

IVJIN MAX 

0 0 
-11.0 -16.0 

UNITS 

v 
v 

electrical characteristics 0°C:s;TA:::; 50°C; Vss; 0, Voo; -11 to -16V unless otherwise specified 

PARAMETER MIN TYP MAX UNITS 

V1H Input Clock, High 0 -1.0 v 

V1L Input Clock, Low Voo+1.o Voo v 

f I Input Clock Frequency 100 2000.240 2500 kHz 

tr. tf Input Clock Rise and Fall Times, 10% to 90% 30 ns 

at 2.5 MHz 

tON. tOFF Input Clock "ON" and "OFF" Times at 2.5 MHz 200 ns 

C1 Input Capacitance 5 10 pF 

VOL Output, Low at 0.70 mA Voo+1.5 Voo v 

VQH Output, High at 0. 75 mA Vss-1.0 Vss v 

tro. tfo Output R 1se and Fall Times, 500 pF Load 250 2500 ns 

tON Output Duty Cycle 

MM5891AA 50 % 

MM5891AB- (Pin 16, 50%) 30 % 

100 Supply Current 24 37 mA 



switching time waveform 

Vss----~r------r------+---------~ 

VtH----.. 
10% 

50% 

90% 
VIL -----+--'"----

~Ir 

typical performance characteristics 

-18 

-16 

-14 

-12 

1-- -10 
=> 
0 
> -8 

-6 

-4 

-2 

0 

output loading 

ls1NK vs VouT 

v 00 =16 

Dill OPERATING AREA 

~CURRENT 
~ OVERLOAD ARE~ 

0 0.1 0.2 0.3 0.4 0.5 0.6 0. 7 0.8 0.9 

SINK CURRENT TO CHIP !Vool 

Output Loading tfo Test 

-16 

Voo 
20k 

MM5891 

Vss T500pF 

10% 

50% 

90% 

If~ 

•soURCE vs VouT 

MAX SOURCE 
-4 CURRENT= 0.75 mA -~t-t<"~':I 

-3 

-1 

0 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

SINK CURRENT FROM CHIP {Vssl 

Output loading tro Test 

-16 

Voo 
20.75k 

MM5891 

Vss 
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MM5318 TV digital clock 

general description 
The MM5318 digital clock is a monolithic MOS 
integrated circuit utilizing P-channel low-threshold, 
enhancement mode devices. The circuit contains all the 
logic required to give a 4 or 6-digit, 12 or 24-hour dis
play from a 50 or 60 Hz input. The digit select inputs 
enable an external digital system to select which digit 
will be available at the BCD and 7-segment outputs. 
An example of this is a television receiver. By using the 
MM5318 with a MM5841 in a television receiver, the 
time of day can be displayed with the TV channel 
selected on the TV screen. The MM5841 determines 
what digit it requires from the MM5318, where on the 
screen it will be displayed and presents the information 
t,o the TV receiver. The MM5318 is packaged in a 28-
lead dual-in-line package. 

block and connection diagrams 
HOLD SLOW 

TV Circuits 

features 
• 12 or 24 hour operation 

• 50 or 60 Hz input 

• 4 or 6-digit display 

• BCD outputs 

• Digit select inputs 

• Leading zero blanking in 12-hour mode 

• High output currents for simplified display interfacing 

• Single power supply 

applications 
• TV time display 

• Computer real time clock 

FAST 
12/24HOUR 

SELECT 

ZERO 
BLANKING 

SECONDS, MINUTES ANO HOURS MULTIPLEXER 

DIGIT 
CODER 

..------,__.!\. MULTIPLEXED 
BfDOUTPUTS 

MULTIPLEXED 

'-----'V' ~~~~~isNT 
l..!:=======================:::;:> g~~:U~~ABLE 

FIGURE 1. Block Diagram 

Dual-In-Line Package 

[

; 2 

MULTIPLEXED 
BCD OUTPUTS BC'if4. 

(NEGATIVE 
TRVEJ iC1!1 

BC1f"i 

..._ ______ _. 

TOP VIEW 

28 

27 DZ } DIGIT 
DV SELEC1 

26 DX LINES :: ~:· I DIGIT ENABLE 
22 H10 OUTPUTS 

21 81 

ZD 510 

19 50160 Hz INPUT 

18 FAST·SET 

17 SLOWSET 

I& HOLD 

15 Vss 

FIGURE 2. Connection Diagram 
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absolute maximum ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

Vss + o.3V to Vss - 2ov 
0°C to +70°C 

-65°C to +150°C 
300°C 

electrical characteristics TA within operating range, VDD = OV, Vss = 14V ±10%, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current Vss = 14V (No External Output Loads 4 30 mA 

All BCD Outputs at Logical "1 ") 

50/60 Hz Input Frequency 

50/60 Hz Input Voltage 

Logic "1" 

Logic "0" 

Digit Select Input Delay 

All Logic Inputs Internal 20k, Resistor to Vss 

Logic ''1" (Except Digit Select Inputs) 

Logic "O" 

BCD Outputs 

Logic "1" Output Voltage at Vss - 2 

Logic "O" 0.01 mA Sink 

7 -Segment Outputs Output Voltage at Vss - 2 

Logic "1" 

Logic "O" 

Digit Enable Outputs 

Logic "1" 0.1 mA Source 

Logic "O" Output Voltage at Vss - 2 

functional description 

A block diagram of the MM53.18 digital clock is shown 
in Figure 1. A connection diagram ;is shown in Figure 2. 
Unless otherwise indicated, the following discussions are 
based on Figure 1. 

50 or 60 Hz Drive: This input is applied to a Schmitt 
Trigger shaping circuit which provides approximately 
5V of hysteresis and allows using a filtered sinewave 
input. A simple RC filter such as shown in Figure 6 
should be used to remove possible line voltage transients 
that could either cause the clock to gain time or damage 
the device. The shaper output drives a counter chain 
which performs the timekeeping function. 

50 or 60 Hz Select Input: This input programs the 
prescale counter to. divi(je by either 50 or 60 to obtain 
a 1 Hz timebase. The ~ounter is programmed for 60 Hz 
operation by connecting this input to VDD· An internal 
20k pull·up resistor is common to this pin; simply leaving 
this input unconnected programs the clock for 50 Hz 
operation. 

Time Setting Inputs: Both fast and slow setting inputs, 
as well as a hold input, are provided. Internal 20 kD 
puff.up resistors provide the normal timekeeping function. 

4.3 

de 50 or 60 60k Hz 

Vss-2 Vss vss v 

-2 VDD 4 v 

400 2000 ns 

Vss-1 Vss Vss v 

-2 VDo 4 v 

2 10 mA source 

VDD 0.3 v 

2 20 mA source 

0.01 rnA leakage 

Vss~o.3 Vss v 

5 15 mA sink 

Switching any of these inputs (one at a time) to VDD 
results in the desired time setting function. Fast set 
advances hours information at one hour per second and 
slow set advances minutes information at one minute per 
second. The Hold Input stops the clock to the prescale 
taunter. 

12 or 24 Hour Select Input: This input is used to 
program the hours counter to divide by either 12 or 24, 
thereby providing the desired display format. The 12-
hour display format is selected by connecting this input 
to VDD; leaving the input unconnected (intern~I 20 krl 
pull-up) selects the 24-hour format. 

Digital Select Inputs (DX, DY, DZ): These three inputs 
are used to determine what digit willbe displayed, Table 
I shows the code for each digit. A logic "1" is when the 
'pin is held to Vss- When the pin is tied to VDD, a logic 
"O" results. 

Output Circuits: Figure 3 illu.strates the circuit used for 
the BCD outputs. Figure 4 shows the circuit used for the 
7-segment outputs. The digit enables output circuit is 
shown in Figure .5. Figures 6 and 7 illustrate typical 
applications for the MM5318. 



CIO .... 
M functional description (Continued) 
LI') 

:!: :!: TABLE I. Digit Select Code 

DIGIT DIGIT DISPLAYED 
SELECT 

LINES S1 S10 * M1 M10 * 

DX 1 0 0 1 1 0 

DY 1 1 0 0 0 0 
DZ 0 0 0 0 1 1 

*output blanked 

output circuits 

+Vss ~s · Vss Vss 

n Voo t'. .ffiJOUTPUT n+· . ~ 
" h ~7·SEGMENT 

Voo (OPEN DRAIN} OUTPUT 

Voo 

FIGURE 3. BCD Output Ci<cuit FIGURE 4. 7-Segment Output Circuit -

typical applications 

+12V 

+12V 

60 Hz 
(12V AMS) 

~·-· 
BCD 4 

BcDs ..... E~ 18 
MM5318 ox 

SLOW SET 17 26 " ..L OY 
HOLD 16 27 

12 HR GND 
24 HR +12V 

HORIZONTAL 
POSITION 

ADJ. 

VERTICAL 
POSITION 

ADJ. 

DIGIT SELECT ~------.·1"'2v"°F"o"'R'"'a'"'o"1G"'1r;------' 
GND fOA 5 DIGIT 

MODE CONTROL ._----,-,2-V_F_O_R _cH_A_N-NE_l_A_N_O_Tl_M_E ____ _. 

GNO FOR CHANNEL ONLY 

FIGURE 6. TV Channel and Time Display 
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H1 

0 

1 

1 

H10 

1 

1 

1 

Vss 

Voo 

0 

I 

l 
Voo 

DIGIT ENABLE 
OUTPUT 

FIGURE 5. Digit Enable Output Circuit 

VIDEO 
OUTPUT 

DM74COO 



typical applications (Continued) 

AC INPUT +14V 

1N914 

D.Olpf 19 

FAST 

-L.,- 27 
18 26 

SLOW 
...:...i_ MM5318 

14 

Voo 
13 

UV 

FIGURE 7. Typical Application 

4.5 

DIGITAL 
SYSTEM 



TV Circuits 

MM5320 TV camera sync generator 

general description 

The MM53:20 TV camera sync generator is an 
MOS, P"channel enhancement mode,· LSI chi.p 
designed to supply the basic sync' functions for 
either color or monochrome 525 line/60 Hz 
interlaced camera and video _recorder applications. 
Required power supplies are -i-5V and -12V, or 
ariy other combination resulting in V58 - 17V. All 
inputs and outputs are TTL compatible without 
the use of external components. 

logic and connection diagrams 

features 

• Multi-function gen. lock input provides flexi- , 
ble control of multiple camera installations 

• l6 lead dual-in-line package 

• Gonventiona,I +5\t, -12V power supplies 

• U5es, 2.04545 MHz .or 1.260 MHz input ref
erence 

• Field indexing provided for VTR applications 

• Color burst gate and sync allow stable color 
operation 

COLORIURST 
GATE OUT 

CDLORIURST 
SYNC OUT 

HORIZONTAL SYNC 

RESET 
COllTROL 

ll'ERTICAL 
R£5ET ~-"Pl.----1 

VERTICAL 
DIVIDER 
b!i2SI 

EQUALIZATION 

DUal-ln-Line Package 

Voo 16 COMP SYNC OUTPUT 

OIVIDERCDllTROL " Hr DRIVE 

CLOCK INPUT " COMP BLANKING 

Hz RESET 1l COLOR BURST SYNC 

VERT RESET 12 COLOR BURST GATE 

RESET CONTROL VERT DRIVE 

NC 

Vu FIELD INDEX 

TOP VIEW 

Order Number MM5320N 
See Package 19 
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absolute maximum ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seco"nds) 

de electrical characteristics 

V55 + 0.3 to V55 - 22 
0°C to +70°C 

-65°C to +150°C 
300°C 

TA within operating temperature range V55 = +5.0V ±5%, VGG = -12V ±5%, unless otherwise stated. 

PARAMETER CONOITIONS MIN TVP MAX 

Input Levels 
Logical High Level (V IH) Vss - 1.5 Vss + 0.3 
Logical low Level (V1d Vss - 18 Vss-4.2 

Input Leakage 11,N =-lOV. TA= 25°C, O.Ql 0.5 
All Other Pins GNO 

Input Capacitance V 1N =OV,f = 1.0MHz, 3.5 6.0 
All Other Pins GND (Note 11 

Clock Input Leakage v,N = -1ov. TA= 25°c. 0.5 
All Other Pins GND 

Clock Input Capacitance v.N = OV, f = 1.0 MHz, 35 6.0 
All Other Pins GND (Note 11 

Output Levels 
Logical High Level (VoH) lsoUACE = -0.5 mA 2.4 Vss 
Logical Low Level (V0 d ls1NK = 1.6 mA 0.4 
Logica.1 Low Leyel (Vod MOS Load V55 - 12.5 V55 - 11 V55 - 9.0 

Power Supply Current {IGG) TA= +2s0 c, vGG = -12v 24 36 
.Pew= 235 ns. V55 = +5.0V 
lf!put Clock Frequency= 2.04545 MHz 

ac electrical characteristics 
TA within operating temperature range V55 = +5.0V ±5%, V GG = -12V ±5%, unless otherwise stated. 

PARAMETER CONDITIONS MIN TYP MAX 

Input Clock Pulse Width (¢PW) Input Clock Frequency ""2.04545 MHz 190 235 280 
<l>tr, ¢tf = 20 ns 

Input Clock Pulse Width (¢pw) Input Clock Frequency= 1.26 MHz 520 545 570 
.Pt, = ¢t, = 20 ns I Note 31 

Horizontal Reset Pulse Width Within 400 ns after the Falling Edge of 500 600 800 
Master Clock (Figure 5) 
Rise and Fall Time= 20 ns 

Output Propagation Delay (tpd) 

Logical·High Level (VoH) Capacitance at the Output== 15pF 500 750 
Logical Low Level (V 0L) (Figur~ 5) 500 750 

Field Index Pulse Width Within 400 ns after the Falling Edge of 500 600 700 
Master Clock (Figure 5) (Note 2) 
Rise, and Fall Time= 20 ns 

'• 

Note 1: Capacita~ce is guarnnteed by~ periodic testing. 

Note 2: Field index output available only for master clock of 1.26 MHz. 

Note 3: If field index is not required the clock pulse width is 300 ns ::;_ rJ>pw :-:;;; 570 ns 
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Ln functional description 
::::?! 
::::?! EXTERNAL CONTROL LEVELS 

Horizontal Reset occurs for Logic "O," this resets 
the horizontal counter to a state shown in Figures 
2 and 3. 

Vertical Reset occurs for Logic "O," this resets the 
vertical counter to a state determined by reset 
control input as shown below: 

RESET PERMITS THE VERTICAL 
CONTROL INPUT COUNTER TO RESET TO THE: 

VtH• (Vss) 0th count 
V,L, (Vool 11 th count 

Logic "O"; VIL 

Logic "1"; V1H 

Divide select input: V1L, (VGG) for master clock 
frequency of 1.26 MHz. 

Divide select input: V 1H, (V55 ) for master clock 
frequency of 2.04545 MHz. 

INPUTS . 

The user may select either of two input clock 
frequencies by properly programming the Divider 
Control pin. In one case the input frequency is 
2.04545 MHz; which is 14.318180 MHz divided 
by seven. The other is eighty times the horizontal 
frequency, or 1.260 MHz. The divider control will 
be programmed by connecting rt to V1H (Vss) and 
v,L, (V GG) respectively. 

There are separate Vertical and Horizontal Reset 
inputs which allow directly resetting the appro· 
priate divider(s) by a control pulse generated by 
external means. Both horizontal and vertical divid· 
ers may be reset simultaneously by connecting 
the Vertical and Horizontal Reset pins together 
and driving them with the same reset signal. Actual 
resetting of the vertical divider is to either.of two 
states, depending upon the state of the Reset 
Control input; to zero, or to the fifth vertical 

serration pulse (eleven 0.5H time intervals from 
leading edge of Vertical Blanking). Refer to the 
reset table above. The horizontal divider will 
always be reset to a position which is 8 input clock 
pulses from the leading edge of the serration gate 
in the horizontal timing scheme (Figure 2 and 3). 
The generator is reset to the odd field (field one). 
The Field Index output pulse occurs once each 
odd field at the leading edge of Vertical Blanking. 
It can be used to reset, or "gen·lock," similar sync 
generator chips by connecting it to their Vertical 
and Horizontal Reset inputs. 

OUTPUTS 

The generator supplies the following standard out· 
put functions: Horizontal Drive Out, Vertical 
Drive Out, Composite Blanking Out; Composite 
Sync Out and the Color Burst Gate. 

In addition, Field Index and Color Burst Sync 
outputs are provided. The Field Index identifies 
the odd field, or field one, by occurring for two 
clock periods at the leading edge of Vertical Blank· 
ing in that field. Thus, its rate is 30 Hz. As de· 
scribed above, it can also be used to "gen-lock" 
other sync generator chips. 

The Color Burst Sync output signal occurs at half 
the horizontal rate with the same timing as the 
Color Burst Gate output. It may be used to sync 
the color burst as it will have the same delay 
characteristics as the other outputs (including, of 
course, the Color Burst Gate) - the color burst 
sync is present during the vertical interval. 

Differences in phasing between outputs are min· 
imized by the use of identical push-pull output 
buffers clocked by the internal clock. 

typical performance characteristics 

Typical IGG vs Temperature 
34 
~ CLOCK FREQUENCY= 2.04545 MHz 

32 
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¢pw = 235 ns 
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0 
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22 

20 

18 
-50 -25 25 50 75 100 

AMBIENT TEMPERATURE !'Cl 

4-8 

28 

<i 
.E 24 

0 
0 

20 

Typical IGG vs Power Supply 
Voltage (Vss - VGGl 

CLOCK FREQUENCY= 2.04545 MHz 
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switching time waveforms (con't) 

MASTER 
CLOCK 
INPUT 

D I H I JTA ~ 2.M54SMHz "''i3ii = IU89µs 

SERRATION GATE ~FRONT PORCH= 3 TA-"' .0Z31H 

=l ~r---------------
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HORIZONTAL SYNC 

~- .. ~:.:·.:.:::.:----j 
------2ZTA°'·16g4H ------

FIGURE 2. Horizontal Timing Master Clock= 2.04545 MHz 
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FIGUR~ 3. Horizontal Timing Master Clock= 1.26 MHz 
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switching time waveforms (con'tl 

typical application 
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MM5321 TV camera sync generator 

general description 
The MM5321 TV camera sync generator is a MOS, 
P-channel enhancement mode, LSI chip designed to 
supply the basic sync functions for either color or 
monochrome 525 line/60 Hz interlaced camera and 
video recorder applications. Required power supplies 
are +5V and --12V, or any other combination resulting 
in Vss - 17V. All inputs and outputs are TTL compa
tible without the use of external components. Military 
and commercial temper·ature ranges are av_ailable. 

logic and connection diagrams 
HORIZONTAL RESET 

CONTROL 0--------------, 
HORIZONTAL 0------lt--------, 

RESET 

C:LOCK 
INPUT 

VERTICAL 
RESET 

CONTROL 

VERTICAL 
RESET 

TV Circuits 

features 
• Multi-function gen lock input provides flexible con-

trol of multiple camera installations 

• 16-lead dual-in-line package 

• Conventional +5V, -12V power supplies 

• Uses 2.04545 MHz or 1.260 MHz input reference 

• Field indexing provided for VTR applications 

• Color burst gate and sync allow stable color operation 

VERTICAL DRIVE 

EOlJAllZATION GATllllG 

SERRATION GATING 

COLORSURST 
GATE OUT 

HORIZONTAL 
DRIVE OUT 

COLOR BURST 
SYNC OUT 

COMl'OSITE 
SYNC OUT 

COMPOSITE 
BLANK OUT 

VERTICAl 
DRIVE OUT 

FIELD 
INDEX 

Dual-In-Line Package 

v,, 16 COMP SYNC OUTPUT 

DIVIDER CONTROL 15 H! DRIVE 

CLOCK INPUT 14 COMP BLANKING 

H~ RESET ,, COLOR BURST SYNC 

VERT RESET 12 COLOR BURST GATE 

VERTICAL RESET 
11 VERT DRIVE 

CONTROL 
HORIZONTAL RESET 

10 OPEN 
C9NTROL 

Vss VERT INDEX 

TOP VIEW 

Order Number MM5321N 
See Package 19 
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absolute maximum ratings 
•, 

Voltage at Any Pin Vss + 0.3 to Vss - 22 
Operating Temperature 0°C to +70°C 
Storage Temperature -:65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

de electrical characteristics 
TA within operating temperature range Vss = 5V ±5%, VGG = -12V ±5%, unless otherwise stated. 

PARAMETER CONDITIONS MIN MAX UNITS 

Input Levels 

V1H Logical High Level Vss-1.5 Vss+o.3 v 
V.IL Logical Low Level Vss-1B Vss-4.2 v 

Input Leakage V1N = -lOV, TA= 25°C, 0.5 µA 

All Ottier Pins GND 

Input Capacitance V1N=OV,f=l MHz, 6 pF 

All Other Pins GND, (Note 1) 

Clock Input Leakage V1N = -lOV, TA= 25°C, 0.5 µA 

All Other Pins GND 

Clock Input Capacitance V1N=OV,f=l MHz, 6 pF 

All Other Pins GND, (Note 1) 

Output Levels 

VoH Logical High Level ISOURCE = -0.5 mA 2.4 Vss v 
VoL Logical Low Level ls1NK = 1.6 mA 0.4 v 

MOS Load Vss-12.5 Vss-9 v 

IGG Power Supply Current TA= 25°C, VGG = -12V, 36 mA 

</>pw = 235 ns, Vss = 5V, 

Input Clock Frequency= 

2.04545 MHz 

ac electrical characteristics 
TA within operating temperature range Vss = 5V ±5%, V GG = -12V ±5%, unless otherwise stated. 

PARAMETER CONDITIONS MIN MAX UNITS 

<l>PW Input Clock Pulse Width Input Clock Frequency= 190 280 ns 

2.04545 MHz, </>tr, ¢tf = 20 ns 

Input Clock Frequency= 1.26 MHz, 300 570 ns 

¢tr = ¢tf = 20 ns 

Horizontal Reset Pulse Width Within 400 ns after the Falling Edge 500 800 ns 

of Master Clock, (Figure 5) 

Rise and Fall Time= 20 ns 

tpd Output Propagation Delay 

VoH Logical High Level Capacitance at the Output= 15 pF 750 ns 

VOL Logical Low Level (Figure 5) 750 ns 

Note 1; Capacitance is guaranteed by periodic testing. 



functional description 

EXTERNAL CONTROL LEVELS 

Horizontal Reset occurs for Logic "O." This resets the 
horizontal counter to a state shown in Figures 2 and 3. 

Vertical Reset occurs for Logic "O." This resets the 
vertical counter to a state determined by reset control 
input as shown below: 

VERTICAL RE.SET PERMITS THE VERTICAL 

CONTROL INPUT COUNTER TO RESET TO THE: 

VfH· IVssl 0th count 

VfL. IVGGI 11th count 

HORIZONTAL RESET RESETS THE HORIZONTAL 

CONTROL INPUT DIVIDER TO: 

V1H 

VfL 

Beginning of line 

Center of J ine 

Logic "O" = V1L 

Logic "1' = V1H 

Divide select input = V1L, (VGGl for master clock 
frequency of 1.26 MHz. 

Divide select input = V1H, (Vssl for master clock 
frequency of 2.04545 MHz. 

INPUTS 

The user may select either of two input clock frequencies 
by properly programming the Divider Control pin. In 
one case the input frequency is 2.04545 MHz, which is 
14.31818 MHz divided by seven. The other is eighty 
times the horizontal frequency, or 1.26 MHz. The 
divider control will be programmed by connecting it to 
V1H (Vssl and V1L, (VGG) respectively. 

There are separate Vertical and Horizontal Reset inputs 
which allow directly resetting the appropriate divider(s) 
'by a control pulse generated by external means. Both 
horizontal and vertical dividers may be reset simultan-

typical performance characteristics 

Typical IGG vs Temperature 

34 

32 
~ CLOCK FREOUEtlCY = 2.04545 MHz 

TA=25°C 
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¢PW=235 ns 
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"' 24 

22 T"I 

20 hi 
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AMBIENT TEMPERATURE CC) 
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eously by connecting the Vertical and Horizontal Reset 
pins together and driving them with the same reset 
signal. Actual resetting of the vertical divider is to 
either of two states, depending upon the state of the 
Vertical Reset Control input; to zero, or to the fifth 
vertical serration pulse (eleven 0.5H time intervals from 
leading edge of Vertical Blanking). Refer to the reset 
table. The horizontal divider will always be reset to a 
position which is 8 input clock pulses from the leading 
edge of the serration gate in the horizontal timing 
scheme (Figures 2 and 3). The generator is reset to the 
odd field (field one). The Field Index output pulse 
occurs once each odd field at the leading edge of Vertical 
Blanking. It can be used to reset, or "gen-lock," similar 
sync generator chips by connecting it to their Vertical 
and Horizontal Reset inputs. The Horizontal Reset 
Control selects Horizontal Reset to the start or center 
of a line. 

OUTPUTS 

The generator supplies the following standard output 
functions: Horizontal Drive Out, Vertical Drive Out, 
Composite Blanking Out, Composite Sync Out and the 
Color Burst Gate. 

In addition, Field Index and Color Burst Sync outputs 
are provided. The Field Index identifies the odd field, 
or field one, by occurring for two clock periods at the 
leading edge of Vertical Blanking in that field. Thus, its 
rate is 30 Hz. As described above, it can also be used to 
"gen-lock" other sync generator chips. 

The Color Burst Sync output signal occurs at half the 
horizontal rate with the same timing as the Color Burst 
Gate output. It may be used to sync the color burst as 
it will have the same delay characteristics as the other 
outputs (including, of course, the Color Burst Gate) -
the color burst sync is present during the vertical interval. 

Differences in phasing between outputs are minimized 
by the use of identical push-pull output buffers clocked 
by the internal clock. 

28 

1 24 

"' "' 

20 
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switching time waveforms 
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~ switching time waveforms (Continued) 
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typical application 
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TV Circuits 

MM5322 color bar generator chip 
general description features 

• Battery operation 

• Oscilloscope trigger 

• Composite video output signal 

• Crystal controlled oscillator 

• Multiple screen patterns 

• Variable dot size 

applications 

The MM5322 Color Bar Generator Chip is a complete 
dot·bar and color hue generation system in a single 
monolithic P-channel MOS integrated circuit. The chip 
divides an internal oscillator (crystal controlled) fre
quency to provide the various timing, synchronization, 
and video information required in the alignment of color 
television receivers. A composite video output is pro
vided for complete black and white dot·bar operation. 
It consists of all synchronization, blanking, and video 
information required for a fairly standard set of dot, 
bar, and cross hatch screen patterns. In addition a 
separate output for precise gating of 3.56 MHz color 
bursts is provided. For servicing ease an oscilloscope 
trigger is provided on either the horizont.al blanking or 
vertical synchronization time slots. 

• Battery or bench powered test instruments 

• Manufacturing test sets 

• Built in test capability 

typical application Typical Color Bar Generator Circuit 

10pf 
NPO 

(NOTE 3) 

SW7 
POWER 

~o 
l+ > ~V BATTERIES 

"POWER" INDICATOR 
\I' >I ov• 

LED NSL5D2J 

SW1 
(N!)TE 1) 

J ~~ ...... ..-~~~~~-e--<r'"O---( 

'" lDOk 

1.5k 
COLOR .... -'V'o/V--+-1 
LEVEL 

22npF 

Alternative Resonator 

T75pF(J9) 

Note 1: SW 1 should be "ON" only for color patterns. 

Note 2: Do not substitute 02. 

OSCILLOSCOPE 
TRIGGER 
OUTPUT 
(NOTE 4) 

~-+-+<~OOULATION 
LEVEL 

Note 3: Variable cap may be used to trim color crystal to exact frequency. 
Note 4: SW 2 and 10k resistor on pins 16 and 1 are needed only if scope trigger pulse is desired. 

Note 5: SW 2 selects "H" or "V" trigger output pulses. 

J.lk 

1.Bk 

Note 6: A 27k resistor in series with a 100k trimpot may be used in plaCe of 82k.resistor for variable vertical line width. 

Note 7: Modulation level adjusted for best patterns as viewed on TV screen. 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperatures 
Storage Temperature 
Lead Temperatures (Soldering, 10 seconds) 

Vs5 +0.3V to Vs5 -25V 
-25°C to +75°C 

---{)5°C to +150°C 
300°C 

electrical Characteristics TA within operating range, Vss = +12 to +19V, VGG. = OV 

PARAMETER CONDITIONS MIN TYP 

Power Supply Voltage (V55 ) 12 

Clock Input Frequency Crystal or External 378 
OSC 1 and 2 Drive (Note 1) 

Clock Input Levels For External Drive (Note 1) 
Logical High Vss-2 
Logical Low VGG 

Control Inputs Internal Resistor 
BCD and Trigger To V55 , 1M n Min. 

Logical High (Note 2) Vss-2 
Logical Low VGG 

Control Output Currents 
Cog and Cog 

Logical High Vss - 2.0V 2.5 
Logical Low VGG - VGG/2 (Note 3) 0.25 

Trigger and Z 
Logical High With lOk to VGG• 0.5 

v GG + 5.0V (Note 4) 
Logical High With 1k to VGG• 1.0 

VGG + 1 (Note 4) 

Video Output 

Analog Highs With 2k to VGG (Note 5) 2.0 to 4.0 

Power Supply Current TA = 25°C, Freq= 378 kHz, 
VGG = OV, Vss = +19V 

MAX UNITS 

19 v 
kHz 

Vss+0.3 v 
VGG+2 v 

V55 +0.3 v 
V.GG+ 2 v 

mA 
mA 

mA 

mA 

mA 

30 mA 

Note 1: The oscillator may be operated with exterrial components to oscillate at 378 kHz or it may be driven by an external pulse source ·using 
OSC 2 (Pin 13) as an input. · 
Note 2: These inputs .are driven by switches. 
Note 3: The color gate outputs are push-pull buffers. 
Note4: The trigger output and Z output are open drain outputs and require a resistor: to VGG for operation. Two possible resistor values are shown 
with their associated voltage and current levels. 
Note 5: The video' output requires a resistor to V GG for operation. This resistor must be trimmed externally to achieve the desired output levels. 
The minimum voltage swing is 4.0 volts with a 10% change with temperature and from unit to unit. The percentage magnitude change with S!JPPIY 
voltage can,appro3ch one. 

composite video output 
25-32.§% 

-.-------'----,---VsvNC 
~. ~ • ,·1 · 400•75os 

150"5 
160ns 

Ve:LACK 

3.6-1.2% 

tv•~• f 
100% 

VwHLTE 

-'-i __ ,___, VWH"E 

FIGURE 1. White Dot Video lnfor~ation Pulse Width FIGURE 2. Composite Video Vol~age Percentages 
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Pf composite video output (con't) 
LC'> 
:! 
:! 

''°"---[ MAX 

VaLACK 

VwH1Te 

I 250., 
---+-MAX 

MIN 

... 6984,.·r.· 

i-----SH5.0793&µs -----
, ______ ,_o._55_47_·2"_•_u8.88~sMIN----~--i 

1--------BH 11.42856psMAX---------I 

Note: lirte time equ1ls 63.492'.is with oscillator at exa«:tly 378 kHz. 

FIGURE 3. Composite Video Rise and Fall Times FIGURE 4. Composite Video Pulse Timing, Horizontal Sync 

VIDEO OUT 
HORIZONTAL SYNC 

COG 

.---------Bv l.396824m$± 5~~:---------o--i 

Note: Frame fnquem:v iniuals 'Bo.1 t 4665 Hz. 

FIGURE 5. Composite Video Pulse Timing, Vertical Sync 

oiit2:'~--- 1~ 

M~:1J-

VERT_J 
SYNC 

TRIGGER_J 
OUTPUT 

HORZT_J 
BLANKING · ' 

TRIGGER _J 
OUTPUT 

__._I 1- HORZT SYNC 

FIGURE 6. Color Gate Signal Timing FIGURE 7. Trigger Output Timing Relationship 
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video output patterns 

15 Horizontal Lines 
0000 

GATED ~A1N60W 
JBARS 

Gated Rainbow 
0011 

Dots7x11 
0110 

Single Vertical Line 
1001 

Single Horizontal Line 
1100 

! Pl p 
l l l 1l 

21 Vertical Lines 
0001 

..................... ...................... ...................... ..................... ..................... ..................... ..................... ..................... ..................... ..................... ..................... ...................... ····················· ..................... ..................... 
Dots 15 x 21 

0100 

Single Dot 
0111 

I 

I 

± f-+-+-+··+-+-1+-+·-+-~-+~ 

7 x 11 Cross Hatch 
1010 

1---------··-·-·-

1--------·--·----·
r---------~··-,__ _________ _ 
1------·-------<I 

7 Horizontal Lines 
1101 

4.21 

I 11 I ! 111 

1 JI I 1 i i l l l lll 
11 Vertical Lines 

1110 

15 x 21 Cross Hatch 
0010 

DARK 
RASTER 

Note. Pinero sw•lth •od .. aro BCD 1248 ~o.,hv• log1c 

Purity 
0101 

GATtllRAINSOW 
10BARS 

Gated Rainbow 
1000 

·-··----- ·------! 

Single Crosshair 
1011 

Ungated Rainbow 
1111 



N 
N 
M connection diagram 
LO 

~ 
~ 

TRIGGER 
OUT 

Vss 

BCO 1 

BCO 2 

BCO 4 

BCO 8 

Olff 2 

DIFF 1 

Dual-In-Line Package 

TOP VIEW 

16 TRIGGER 
SELECT 

15 
Z OUT 

14 
Voo 

13 
osc 2 

12 
osc 1 

11 
·coG 

10 
COG 

COMP 
VIOEO 
OUT 

Note. ZouT is an internal counter test point. 

·order Number MM5322N 
See Package 19 
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TV Circuits 

MM5840 TV channel number (16 channels) and time display circuit 

genera1 description 
The MM5840 TV Channel Number and Time Display 
Chip is a monolithic metal gate CMOS integrated circuit 
which generates a display of channel numbers (up to 
16 channels) and time readouts on the television screen. 

By external connection, it has the option of displaying 
the channel number only while switching channels with 
a period controlled by the external RC time constant of 
a timeout monostable. 

This chip includes all the logic required to provide two 
modes of operation; namely channel number, or channel 
number and time display. 

In addition, it can have a five (hour tens, hour units, 
colon, minute tens, and minute units) or eight digit 
(hour tens, hour units. colon, minute tens. minute units, 
colon, second tens, and second units) display, depending 
on the digit select input logic level. 

By employing the video gating. input together with the 
video output, a symmetrical blanked rectangular frame 
around the display may be generated on the TV screen. 

This chip serves as a display generator with BCD channel 
inputs, as provided from the clock chips MM5318, 
MM53100 or MM53105. The position of the display 
on the TV screen can be controlled by adjusting external 
RC time constants. 

functional description 
The channel number and time readout circuit operates 
with a 2 to 4.5 MHz input clock. Counters are incorpor
ated in the chip, operated by the input clock to keep 
track of the time slots of the display. 

The position of the display is controlled by adjusting the 
external RC time constants of the horizontal and vertical 
monostable multivibrators. 

A 7-segment decoder is used to decode either channel 
inputs or time which is stored temporarily in the channel 
number buffers or 4-bit latches, respectively, depending 
on the time slot of the display. Each digit of time is 
stored in a 4-bit latch while it is being decoded and 
displayed, and th.e next digit enters the latch while the 
horizontal sweep is between digits. 

A time slot decoder is employed to decode the appro
priate time slot and the di.git to be displayed. It 
generates a video output signal that modulates the sweep 
of the television tube for the display on the screen. 

features 
• 12 or 24-hour operation (controlled by clock chip) 

• 5 or 8-digit display 

• Channel number leading zero blanking 

• Single powersupply 

• Channel number only or channel number and time 
display 

• Vicieo gating output for generating a symmetrical 
blanked rectangular frame around the display 

• Oscillator inhibit output 

• Channel number display only while switching channels 

• 4-bit binary plus one code for channel. numbers 

functions 
' • 8-digit mode is selected by a logic "1" at digit select 

input 

• Channel number and time mode is selected by a logic 
"1" at mode input 

• Permanent channel number display is selected by a 
logic "1" at timeout monostable input 

connection diagram Dual-In-Line Package 
CHANNEL UNITS 

TIMEOUT (BINARY 1-1) 
MONO·~-~-~ VIDEO 

NC NC STABLE (8) (4) (2) (1) Rv Cv VERT HDRIZ CH RH (JUT 

28 27 26 25 24 2l 22 21 20 19 18 17 16 15 

10 11 12 13 14 

~~~ Vss {1) {4) (2) (8) s~~Gi~r ~ MODE ~!~~:G M~z Voo 

TIME DIGIT ADDRESS CLK 

TOP VIEW 
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Order Number MM5840N 
See Package 23 
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absolute maximum ratings 

Supply Voltage (Voo - Vssl -'().3V to +15V 

Voltage at Any Pin Vss - 0.3v to v 00 + 0.3V 

Operating Temperature 0°C to +70°C 

Storage Temperature -'55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics Voo = 12V, Vss = OV, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage 

Voo Vss = o 11 12 14 v 

Power Supply Current 800 µA 

Input Voltage Levels 

Time. Oscillator, Digit 

Select, and Mode Inputs 

Logical Low Vss-0.3 vss v 55+o .. 9 v 

Logical High Voo-0.5 Vo cf v00+o.3 v 

Channel Inputs 

Logical Low vss-0.3 Voo-5 vDD-4.5 v 

Logical High vD0 -o.5 VDD Voo+0.3 v 

Horizontal.and Vertical l'nputs 
,,, 

Logical Low Vss-0.3 voo-5 vDo-4.5 v 

Logical High Voo-0.5 VoD Voo+0.3 v 

Input Frequency Interfacing with MM53100, MM53105 2 4.5 MHz 

Oscillator Interfacing with MM5318 2 4.5 MHz 

Horizontal Pulse Width = 14 µs 15.75 kHz 

Vertical Pulse Width= 1 ms 60 Hz 

Output Voltage Levels 

Video Gating, Osc;;. Inhibit 

Digit Address and Video Outputs 

Logical Low Vss-0.3 Vss v 5s+o.9 v 

Logical High voD-0.5 VoD VoD+o.3 v 

One-Shot Output Pulse Duration 

Horizontal 15 50 µs 

Vertical 1.5 13 ms 

Output Drive 

Video Output 

Logical Low Vss + 1v 1-11 mA 

Logical High Voo 1V 1 mA 

Video Gating and Osc. 

Inhibit Outputs 

Logical Low Output Forced Up to Voo - 4.5V 1-21 mA 

Logical High VoD - iv 0.2 mA 

External RC 

CvERTICAL 0.1 µF 

CHQRIZONTAL 0.001 µF 

RVERTICAL 50 kQ 

RHORIZONTAL 100 kQ 

CTIMEOUT 5 µF 

RTIMEOUT 1 MQ 

Propagation Delay 

Video Gating and Osc. From Input Clock to Oscillator 2 clock 

Inhibit Outputs Inhibit or Video Gating Outputs pulses 

Input Leakage 1 µA 

Input Capacitance 5 pF 
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block diagram 

HORIZONTAL 
PULSE 

VERTICAL 
PUtSE 

TIMEOUT 
MONOSTABLE 

(EXTERNAL RC 
CHANNEL OR TO Vool TIME 

"" 

truth table 

4MHz 
CLOCK 

timing diagram 

VERTICAL 
RETRACE 

DIGIT ADDRESS 
OUTPUTS 

ViDEO 
MOOE GATING 

DECODER 

VIDEO 
GATING 
OUTPUT 

Digit Address (DX, DY, DZI Codes 

DURING DIGITS 
CODES 

RESET 1 2 3 4 5 6 7 

ox· 1 0 0 1 1 0 0 1 

DY 1 1 0 0 0 0 1 1 

DZ 1 1 1 1 0 0 0 0 

OSC VIDEO 0 UT 
INH 

OUTPUT 

8 

1 

1 

1 

With Video Gating, Output Gated with Video Output 

>-------------16.7 ms-----------,.. 

VERTICAL-,. ~AOJU.STABLE 
TIMEOUT ~ L 

-u-HORIZ. 
RETRACE 

HORIZ. TIME 
OUT 

i.---------63.Sµs-----~----< 

.__ __ :=]-_ _. AOJUSTABLE 

1? 
1 :::r·u::1·c-1 
IL • I_/._// 

DIGIT 
SELECT 

El 



typical applications 

Horizontal and Vertical One~Shot Circuit 

PORTION ON CHIP r-------------, 
-t----.----.-----<1>----t>-... --<1~v· 

J 
{

I 
INPUT OUTPUT 

CO. NFIGURATION } CONFIGURATION 
FOR CHANNEL FOR OSC INHIBIT. 

INPUTS ANO VIOEO OUTPUT, 
CONTROL INPUTS DIGIT SELECT 

I 

I 

RETRACE 
INPUT 

I ..:_ __ ._ ___ .._ ___ _...._~'-v-1 
L---------------~ 

RETRACE-.., .----
INPUT LI 

v, 

TV Channel and Timepisplay Interfacing MM5318 

0.01 

t 
+12V 

10Dk 

(12!~m~) >---'VV\,---....... ---1 

JUl 

_.__ 
FAST SETF_.__ 
SLOW SET _.__ 

HOLD 

12 HR GNO >-------t 
24 HR +12V 

OISPLAYOFF ~ 

+12V 

15 
19 

16 

17 
MM5318 

16 

13 

DIGIT SELECT +12V FOR 8 DIG.IT 

sea 1 

ac-a 2 

BCD4 

BCD 8 

ox 
26 10 

DY 
27 

oz 
26 

OSC INH 

11 

CLOCK 
13 

NC 

GND FOR 5 DIGIT >-------' 

14 

MM5840 

11 

MOOE CONTROL +12V :No: FCOH:~~!~:ENLDOT~~~ >------------' 
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6.8k 
15 

VIDEO 
OUTPUT ':" 

..flfUlov 
6.Bk 

16 
HOAIZ. 

6.Bk 

':" 

19 
VERT. 

16 1-----.-........ -., HORIZONTAL 

17 

POSITION 
ADJ t--<,.__,,,,.,. __ ... 

21 1-----.-.. >f--•vEATICAL 

20 

POSITION 

1--<l>--'\Nlr--e AOJ 

+12V 

14 



s: 
typical applications (Continued) s: 

O'I 
TV Channel and Time Display Interfacing MM53100 0) 

.(:lo 
12V 0 

Voo Voo 

8 DO Hz !mi 1 
10 

~ Btfi2 Voo 

"" 
BTil4 

MM53107 -'-- BCile 
HOLD 19 

JV -'-- •x 
SET HRS 1B 24 

" 
Dy 

Vss -'-- n, 
SET MINS 11 22 

9V 

-'--
MANUAL TV "ON'' 14 

....L... 
MANUAL TV "OFF" 15 

....I... MM531DO 

DISPLAY SELECT 16 

....L 12V 
ENABLE 

....L. 
12V 

STANDBY 

50/60 Hl TV''ON" 

SELECT OUTPUT 
11 

10 
PERIOD AUTO "ON" 

NORMALLY SELECT X OUTPUT 
HARO WIRED 11 

FOR EACH 
APPLICATION 

PERtoD VIEW PERIOD 

DI SELECT Y PULSE OUTPUT 
12 

13 

9V Vss 
9V 

VERTICAL 
RETRACE 

DISPLAY OFF~ 

t 
22 -::-

CHANNEL 2J 

UN1TS " HORIZONTAL 24 
POSITION 

25 17 
ADJ. 

..... {: 26 11 VERTICAL 
f'OSITION 

21 

" 
ADJ. 

TENS 
4 " +12V 
8 

11 

DIGIT SEl.,.ECT 12V FOR 8-0IGIT 
GND FOR 5-DIGIT >-----~ 

MODE CONTROL 12V:~oR FCOH:~~!~::Lo OT~~~ >-----------' 
Note. For interfacing with MM53105, refer to MM53105 specifications. 
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TV Circuits 

MM5841 TV channel number and time readout circuit 

general description 
The MM5841 TV Channel Number and Time Readout 
Circuit is a monolithic metal gate CMOS integrated 
circuit, which generates a display of channel number 
and time readouts on the television screen. 

This chip includes all the logic required to provide two 
modes of operation, namely channel number, or channel 
number and time displays. 

In addition, it can hav~ a five (hour tens, hour units, 
colon, minute tens, and minute units) or eight digit 
(hour tens, hour units, colon, minute tens, minute units, 
colon, second tens, and second units) display, depending 
on the digit select input logic level. 

This chip serves as a display generator between the 
BCD channel inputs, the clock chip (MM5318) and the 
television set. The position of the display on the TV 
screen can be controlled by adjusting the external RC 
time constants. 

functional description 
The channel number. and time readout circuit operates 
with a 4 MHz input clock .. Counters are incorporated in 
the chip, operated by the input clock to keep track of 
the time slots of the display. 

The position of the display is controlled by adjusting the 
external RC time constants of the horizontal and 
vertical monostable multivibrators. 

connection diagram 

A 7-segment decoder is used to decode either channel 
inputs o.r time which is stored temporarily in the channel 
number buffers or 4 bit latches, respectively, depending 
on the time slot of the display. Each digit of time is 
stored in a 4-bit latch while it is being decoded and 

·displayed, and the next digit enters the latch while the 
horizontal sweep is between digits. 

A time slot decoder is employed to decode the appro
priate time slot and the digit to be displayed. It 
generates a video output signal that modulates the sweep 
of the television tube for the display on the screen. 

features 

• 12 or 24 hour operation (controlled by clock chip) 

• 5 or 8 digit display 

• Channel number leading zero blanking 

• Single power.supply 

. • Channel number only or cha.nnel number and time 
display 

functions 

• 8 digit mode is selected by a logic "1" at digit select 
input 

• Channel number and time mode is selected by a 
logi.c "1" at mode input 

Dual-In-Line Package 

CHANNEL TENS CHANNEL UNITS 
,___...._, VIDEO 
(4) (2) (1) (8) (4) (2) i1) Rv Cv VERT HORIZ CH RH OUT 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

10 11 12 13 14 

CH Vss (1) (4) (2) (8) DIGIT DZ DY DX MODE OSC 5 MHz V00 
TENS '---~---'SELECT'--.---' INHIB CLK 

{8) TIME DIGIT ADDRESS 

TOP VIEW 

Order Number MM5841N 
See Package 23 
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absolute maximum rati.ngs 

Supply Voltage (V 00 -V55 ) 

Voltage at Any Pin 

Operating Temperature 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-0.3V to +15V 

V 55 -0.3V to V 00 + 0.3V 

0°C to +70°C 

-55°C to +150°C 

300°C 

electrical characteristics 
V 00 = 12V, V 55 = OV, unless otherwi.se specified. 

PARAMETER CONDITIONS 

Power Supply Voltage 

Voo Vss = 0 

Power Supply Current 

Input Voltage Levels 
Time, Oscillator, Digit Select, 
and Mode Inputs 

Logical Low 
Logical High 

Channel Inputs 
Logical Low 
Logical High 

Horizontal aild Vertical Inputs 
Logical Low 
Logical High 

1 nput Frequency 

Oscillator 
HOrizontal Pulse Width = 14µs 
Vertical Pulse Width = 1 ms 

'"" \ 
Output Voltage Levels 

Oscillator Inhibit, Digit Address 
and Video Outputs 

Logical .Low 

Logical High 

On!"·Shot Output Pulse Duration 
Horizontal 
vertical 

Output Drive 
· Video Output 

Logical Low V55 +1.0V 
Logical High V 00 -1.ov 

Oscillator Inhibit Output 
Logical Low Output Forced Up to V 00 - 4.5V 

Logical High V00 - 1.0V 

External RC 

CVERTICAL 

CHORIZONTAL 

RvERTlCAL 

RHOR!ZONTAL 

Propagation Delay 
Oscillator Inhibit Output From Input Clock to OsciUator 

Inhibit Output 

Input Leakage 

Input Capacitance 
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MIN TYP MAX UNITS 

11 12 14 v 

800 µA 

Vss~.3 Vss V88 +0.9 v 
V 00-0.5 Yoo V 00 +0.3 v g 
Vss~-3 Voo-5 Voo-4.5 v 

Voo-0.5 'loo . V 00 +0.3 v 

Vss~.3 V oo:-5 V 00-4.5 v 

Voo~-5 Yoo V 00 .+0.3 v 

4 4.5 MHz 
15.75 kHz 
60 Hz 

V5s-0.3 Vss V55 +0.9 v 
V 0 o-0.5 Yoo V 00+0.3 v 

15 50 µs 

1.5 13 ms 

HI mA 
mA 

1-21 mA 

0.2 mA 

0.1 µF 

0.001 µF 

50 kS1 pot 

100 kS1 pot 

2 clock 
pulses 

µA 

5 pF 



block diagram 

4MHz 
CLOCK 

timing diagram 

HORIZONTAL 
PULSE 

H. TIME 
SLOT 

DECODER 

DIGIT 
ADD.RESS 
DECODER 

DIGIT ADDRESS 
OUTPUTS 

VERTICAL 
PULSE 

MODE 

CHANNEL 

OSCILLATOR 
INHIBIT 

DECODER 

OSC INHIBIT 
OUT 

TIME 

VIDEO OUT 

DIGIT 
SELECT 

>-------------16.7 ms------------< 

VEAT.ICA~u 
RETRACE 

VERTICAL---,. j= ADJUSTABLE 
TIMEOUT ~ 

HORIZ. RETRACE 

HORIZ. TIME 
OUT 

LI 
f~--------63.Sµs---------"" 

~--=+-~ ADJUSTABLE 

OSCINHIBIT __________ _.F=,,,-1sµs--~LI-------------

~L~~: __________ _.flflJl • • • • • • fUl._ ___________ _ 
VIDEO nnn ourPur _____ --' __________ .. ium _____________ _ 

CHARACTER 
DISPLAVEO 

typical applications 

J . 
{

I 
INPUT OUTPUT 

CONFIGURATION }. CONFIGURATION 
FOR CHANNEL FOR DSC INHIBIT, 

INPUTS ANO VIDEO OUTPUT, 
CONTROL INPUTS . DIGIT SELECT 

I 

I 
v-

REJ:RACE--, r---. . . 
INPUT LI ' ' ' 

Horizontal and Vertical One.Shot Circuit 
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typical applications (con't} 
0.01 +12V 

t 
60 Hz 

100k 15 BeD1 14 
19 (12Vrms) BC02 

15 
....L. BCD4 

.~ .. F~ 18 l!Clls 
2 

MM5318 
SLOW SET 17 ox 

....L. 26 10 

HOLD 16 27 
av 

28 
oz 

18 

12 HR GNO 
24 HR +12V 

13 

':' 

J1.Jl use INH. 
12 

CLOCK 
13 " MM5841 

DISPLAY OFF~ 

r 
22 

CHANNEL 23 

UNITS 16 
24 

25 17 

'"-· r 26 21 

27 

TENS 
20 

4 28 

I! 
11 

DIGIT SELECT +12V FOR 8 DIGIT 
GNU FOR 5 DIGIT >------

MODE CONTROL +12V:~ORFCOH:~~:~::~ 0r~~~ >------------' 
TV Channel and Time Display 

100 
TO TV VIDEO 
OUTPUT CIRCUIT 

6.8k INTENSITY 
AD"J. 

VIDEO 
OUTPUT 

J1illlov 
HORIZ. 

+12V 

FROM TV 
HORIZONTAL 
RETRACE 

6.Bk JLJLov 
= 

VERT. 

f-----e---'f---, HORIZONTAL 

............ ...-_,,,.,,,.... .... 
POSITION 
ADJ. 

f-----e---+--• VERTICAL 
POSITION 

l--e--"Wlr--11 ADJ. 

+12V 

s: s: 
U1 
00 
.J:> .... 



TV Circuits 

MM53100, MM53105. programmable TV. timers 

general description 
The MM53100 and MM53105 programmable TV timers 
are monolithic CMOS integrated circuits utilizing P and 
N-channel low threshold enhancement devices. These · 
circuits contain all the logic to. give a 4 or 6-digit, 24-
hour display from a 50 or 60 Hz input, and control the 
"ON" time of the TV. Tlie duration of the viewing 
period is 5, 10, 20 or 30 mins, selected by 2 input 
pins. Manual "ON" and "OFF" inputs are also provided. 
The MM53100 ·and MM53105 have ultra-low power 
dissipation in the stand-by mode and are ideally suited 
to crystal controlled battery-operated systems. The 
MM53100 is designed for an optimum interface in 
TVs with a positive common reference voltage (e.g., 

. +18V). The MM53105 is designed for an optimum 
interface for TVs with a OV reference voltage. Both are 
packaged in a 24-lead dual-in-line epoxy package. 

block diagram 

50/60 Hz 
DRIVE 

Dx 
Oy 

Dz 

50/60 Hz 
SELECT 

PRE"8CALE 
COUNTER 
50 OR 60 

SHAPING 
CIRCUIT 

DIGIT 
DECODER 

HOLD 
SET 

MINUTES 

SECS, MINS ANO HRS MULTIPLEXER 

D~~~~~~ -------------' 

features 
• 50 cir 60 _Hz operation 
• 24-hour display format 
• Programmable TV on time 
• Selectable' view time 
• Ultra-low power dissipation 
• All counters resettable 
• Low voltage operation 
• Elimination of illegal time display at turn-on 
• Daily repeat or non-repeating operating 
• Fool,proof safety features 
• Cbmpatible with MM5840 or MM5841. display circuits 

applications. 
• i:v time display 
• Remote TV "ON"/"OFF" switch 
• Computer clock 
• Time data-logging systems 

SET 
HOURS 

COMPARATOR 

"OFF" 
COUNTER 

TV "OFF" 

X PERIOD 
y SELECT 

ENABLE 

MAN "ON" CONTROL LOGIC 1--------+Tv "ON" O/P 
AND 

MULTIPLEXED 
iiCl!O/PS 

MAN "OFF" --+ 

STANDBY--+ 

O/P BUFFERS AUTO "ON" 0/P 

--------VIEW PERIOD O/P 

FIGU.RE 1. MM53100, MM53105 Block Diagram 
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absolute maximum ratings (MM5J100) (VDD common voltage reference) 

Supply Voltage (VDD - Vssl 6V 
Volta.ge at 50/60 Hz Select and Period Vss - 0.3V to VDD + 0.3V 

Select Inputs 
Current Into or Out of Any Other Input 100 µA max 

electrical .characteristics (MM53100) TA= 25°C, VDO = 4.5V, Vss = OV unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP I MAX 

Supply Voltage 

Supply Current 

Input Logic Levels 

50/60 Hz·lnput, Digit Select 

Inputs, Display Select, "ON", 

"OFF", Time Setting Control, 

Standby Control 

Logic "1" 

Logic "O" 

50/60 Hz Select, Period Select 

(X, Y) 

Logic "1" 

Logic "O" 

Display Select Input Delay 

Outpu.t Logic Levels 

BCD Outputs 

Logic "1" 

Logic "O" 

VDD = 4.5V 

(Note 1) 

External Resistor, 15 k.11 to 

VDD - 12V, CL= 15 pF 

2.8 

VDD--0.5 

VDD--0.5 

Vss 

0.5 

VDD--0.8 

10 

5.0 

25 

V[)D 

Vss-t0.5 

VDD 

Vss+o.5 

2.0 

VDo-11.2 

UNITS 

v 

µA 

v 

v 

v 

v 

µs 

v 

v 
Note 1: If input voltages go more negative than V SS· the fnput current must be limited to a maximum of 100 µA by the use of external series 
resistors'. No resistors are required on the Dx, Dy. Dz inputs when interfacing with the MM5840. 

absolute maximum ratings (MM53105) (VSS common voltage reference) 

Supply Voltage (VoD - Vssl 6V 
Voltage at 50/60 Hz Select and Period Select Inputs Vss + 6V 
Voltage at Any Other Pin Vss + 13V 

electrical characteristics (MM53105) TA= 25°C, Voo = 4.5V, Vss = OV unless otherwise specified. 

PARAMETER 

Supply Voltage 

Supply Current 

Input Logic Levels 

50/60 Hz Input, Digit Select 

Inputs, "ON", ·"OFF", Display 

Select, Time Setting Controls, 

Standby Control 

Logic "1" 

Logic ''O" 

50/60 Hz Select, Period Select 

(X, Yl. 

Logic "1··· 

Logic "O" 

Display Select Input Delay 

CONDITIONS 

vDo = 4.5v 

4.33 

MIN TYP 

2.8 

10 

VDD-0.5 

Vss 

VDD-0,5 

Vss 
0.5 

MAX 

5.0 

25 

13 

Vss+0.5 

VDD 

Vss+0.5 

2.0 

UNITS 

v 
µA 

v 

v 

v 

v 
µs 

3:: 
3:: 
O'I 
w .... 
0 
~ 

3:: 
3:: 
O'I w .... 
0 
O'I 

DI 



electricaf characteristics (Continued) (MM53105) TA= 25°C, VDD = 4.5V, Vss = OV unless ~therwise specified~ 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Logic Levels 

BCD Outputs External Resistor 15 kn to 12V, 

CL= 15 pf 

Logic "1." 

Logic "O" 

TV "ON" Output, Auto 

''.ON" Output, View Period 

Output 

Logic "1" Loaded 2.7 kn to Vss 

Logic "O'' Loaded 2.7 kn to VDD 

Note 1: Input voltages to go more positive than Voo-

functional description 
A block diagram of the MM53100, MM53105 TV timers 
is shown in. Figure 1. A connection diagram is shown in 
Figure 2. Unless othe.rwise indicated, the following 
discussions are based on Figure 1. Figures 5a and 5b 
illustrate the system configuration for a crystal controlled 
TV display system using both circuits. 

Dual-In-Line Package, Top View . 

24 
Vaa Dx 

BCD 8 
23 

Dy 

BCD 4 
22 

Dz 

BCD 2 
4 21 

5D/60 Hz SELECT 

BCD 1 
20 

5D/60 Hz DRIVE 

STANDBY 
19 

HOLD 

ENABLE 
18 

SET HRS 

TV ""ON'" 17 
OUTPUT 

SET MINS 

VIEW 16 
DISPLAY CONTROL 

PERIOD 

AUTO '"ON" 
10 15 

MAN '"OFF'" 

PERIOD 11 14 
MAN ""ON" 

SELECT X 

PERIOD 12 13 
SELECT Y Vss 

FIGURE 2. 

Order Number MM53100N or MM53105N 
See Package 22 

50 or 60 Hz Drive: This input is applied to a Schmitt 
trigger shaping circuit which allows use of a filtered 
sinewave input. A simple RC filter should be used to 
remove possible line voltage ·transients that could either 
cause the clock to gain time or damage the device. The 
input should swing between Vss and VDD- The shaper 
output drives a counter chain which performs the time
keeping function. 

Alternatively, in a crystal controlled battery operated 
system, an osCillator and prescaler such as the MM53107 
could. be used as a time base. 

4.34 

11.2 v 
0.8 v 

0.5 mA 

1.0 mA 

50 or 60 Hz Select Input: This input programs the 
prescale counter to divide by either 50 or 60 to obtain a 
1 'pps time base. The counter is programmed for 60 Hz 
operation by connecting this input to VDD· An internal 
1 Mn pull-down resistor is common to this pin; simply 
leaving this input unconnected programs the clock for 
50 Hz operation. 

Time Setting Inputs: Inputs to set hours and set minutes 
as well as hold input, are provided. Internal 1 Mn 
pull-down resistors provide the normal timekeeping 
function. Switching any 1 of these inputs (1 at a time) 
to "1" results in the desired time setting function. Set 
Hours advances hours information at 1 hour/second and 
Set Minutes advances minutes information at 1 minute/ 
second, without roll over into the hours counter. Set 
Minutes also resets the seconds counter to 0. The hold 
input stops the clock to the minutes counter and resets 
the seconds counter. Activating Set Minutes and Set 
Hours simultaneously resets . the displayed counters 
to all O's. 

Display: This input controls the display and time
setting operation. It has an internal 1 Mn pull-down 
resistor to Vss. When taken to Logic "O" or in open 
circuit condition, the real time is displayed and the Set 
Hour.s and Set Minutes· inputs operate the real time 
counters. When taken to logic "1", the "ON" time is 
displayed and the time-setting inputs operate on the 
"ON" counters. 

Digital Select Inputs (Dx, Dy, Dz): These 3 inputs are 
used to determine which digit will be displayed. Table IA 
shows the code for each digit: Seconds will be displayed 
as "00" when the "ON" tir:ne is being displayed. 

Enable.: This input has an internal resisfor to Vss
When taken to logic "1 ", this input disables the pro
grammed "ON" time for the TV output. 

Period Select Inputs (X, Yl: These inputs have pull
down resistors to Vss- They determine the. view period, 
i.e., 5, 10, 20 or 30 mins. Table 18 shows the. Period 
Select Code. ' 



functional description (Continued) 

Standby Control Input: This input has an internal 
resistor to Vss. Its function is to sense when the line 
generated 12V supply is turned off and to then disable 
the outputs. In the TV, this input should be connected 
to the 12V supply. 

Manual "ON" Input: This input has an internal resistor 
to V55. When taken to. logi~ "1 "; this input turns the 
TV output to the "O" state. It is designed to have 
typically 0.75 second debounce time to prevent mal
operation. 

Manual "OFF" Input:· This input has an internal resistor 
to Vs5. When taken to logic "1", this input turns the 
TV outp.ut to. the "1" state. It is designed to have 
typically 0. 75 second debouhce. time to prevent mal
operation. 

TV "ON" Output: Fig,;re 3 illustrates the CMOS 
inverter output circuit used. 

In the manual mode of operation, the manual "ON" 
input sets this output to "O", the manual "OFF" input 
resets this output to "1 ". The manual "ON" input 
inhibits the auto "ON" output. 

In the programmable mode, this output goes to "O." 
when the programmed "ON" time coincides with the 
real time. (unless enable = 1 ). The output will then 
stay at "O" for the selected period of 5, 10, 20 or 30 
minutes before· returning to "1" state. During this 

period, a signal on the manual "ON" input will prevent 
the automatic switch-off. 

Manual "OFF" input will always reset the output to a 
logic "1" state. 

Auto "ON" TV Output: An additional output is pro· 
vided to indicate that the TV is "ON" in the automatic 
mode of operation. This output goes to a logic "O" 
for the duration of the auto ''ON" time. Manual "ON" 
swi_tches this outpu.t back to a logic "1". 

View Period Indicator: This output normally is ·a 
logic "1 ". When the TV· switches on at the programmed 
time, this output transmits ·a 1 Hz waveform for the 
duration of the. selected view period. Hence, it can be 
used to indicate that the TV is switched on for a limited 
period only by means of a .flashing on-screen and/o.r 
off-screen display. The output will. permanently return 
to "1 "at the end of the \'.iewing period or when a valid 
manual "ON" or "OFF" input signal is received during 
the view period. 

BCD Outputs: Figure 4 illustrates the open drain output 
circuits used, a) MM53100, b) MM53105. 

With the use of the external respective pull-up and pull
down resistors, these outputs are· designed to be com
patible with the MM5840 and MM5841 TV display 
circuits. 

Note: Case (a) for common Voo. case (b) for common 
Vss when used with the MM5840. 

TABLE IA. Digit Select Code 

DIGIT SELECT DIGIT DISPLAY.ED 

LINES S1 SlO • M1 M10 ·* 

ox 1 0 0 1 1 0 

Dy. ' 1 1 0 o. 0 0 

Dz 0 0 0 0 1 1 

TABLE IB. Period Select Code 

PER.IOD SELECT VIEW PERIOD 

Voo 

FIGURE 3. CMOS Output (TV 
"ON", Auto "ON", Indicator) 

DIP 

INPUTS PROGRAMMED 

x y. 

0 0 5 mins 
0 1 10 mins 

1 0 20 mins 

1 1 30mins 

FIGURE 4a. BCD Outputs, MM53100 

H1 H10 

0 1 

1 1 

1 1 

~ 
L. 

FIGURE 4b. BCD Outputs, MM53105 
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functional description (Continued) 

2-CELL 
BATTERY 

JV 

2-CELL.l 
BATTERY 

0 

0 

MM!i3107 
PRE-SCALER 

50/60 Hz 

18V 

50{60Hz 

JV 

!'i0/60Hz 
SELECT lBV 18V 

&V 

HORIZ 

Dx 

&V 
Dy 

MM5840 
VERT 

Dz 

OSCINH___. 

&V 

CLOCK 

S/8-0IGIT 
DISPLAY 

MODE--+ 

} POSITION ADJUST 

TV"ON''OfP 

AUTO ··ON"O/P 

VIEW PERIOD O/P 
CHANNEL 

I/PS 

FIGURE 5a. Typical System Diagram, MM53100 

2-CELL 
50/60Hz BATIER't' 
SELECT 3V 

MM53105 

- ...... Hr.-12v 

BCD2 

•x 

•v 

Dz 

OSC INH ___.,. 

CL(JCK 

5/B·DIGIT 
ll'ISPLAY 

MODE 

TV "ON''O/P 

AUTO "ON"O/P 

VIEW PERIOD 0/P 

12V 

MM58~0 

CHANNEL ,,., 

} PDSITIDN ADJUST 

FIGURE Sb. Typical System Diagram, MM53105 
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MM57100 TV' game circuit 
general description 
The MM57100 TV Game Chip provides all of the logic 
necessary to generate backgrounds, paddles, ball and 
digital scoring for three games: Hockey, Tennis and 
Handball. All games are in color and have sound. The 
MM57100 was designed for low system cost and is 
aimed at the high volume consumer marketplace. It 
generates all the necessary timing (sync, blanking and 
burst) to interface to a standard 'TV receiver, and inter· 
faces directly to the antenna terminals of a TV with 
the addition of a chroma, audio and RF modulator. 

· If mounted directly into a receiver, much of this circuitry 
can be eliminated. The chip requires the true and 
complement clocks of 1.0227 MHz (3.579545 MHz 7 

· 3.5). Figure 1 shows a block diagram of a complete 
TV Game System. 

The paddles for the games are controlled by two external 
RC networks. R and C provides for full screen movement 
by developing a time. delay of about 16.5 ms. For 
Hockey and Tennis, each of the player padc;!les can be 
made to be either large, medium or small in size, thus 
allowing for handicapping. The size of a player paddle 
is modified by moving, the paddle to either the top or 
bottom boundary and depressing ,the game reset button. 
In Handball, the players can modify the paddles as 
described, above, but both players 'must use the same 
size paddle. 

Single player ~·practice," can be created by connecting 
the two player paddle input lines on the MM57100 to a 
single external RC network. Single player operation can 
be achieved for all three games. Thus the MM57100 
can· actually play six games-three single player games 
and three dual player games. 

The player paddles are divided into nine different areas 
that define eight angles at which the ball will reflect 
upon incidence. The top-most 11rea of the player paddle 
will reflect the ball with the most upward direction, 
the areas towards. the bottom will reflect the ball with 
the most downward direction. And the very bottom of 
the paddle will cause the ball to go up at a sharp angle, 
simulating a "wood" pr handle shot. The areas in between 
will give reflections with ,Jess of an angle. There are two 
areas in the center of the player paddle which will make 
the ball have zero vertical velocity. The player paddles 
are transparent in one direction so that in Hockey the 
ball can rebound off the back wall and pass through the 
defensive play,er paddle. The machine paddles in Hockey 
are also transparent in one direction. 

The ball is always served by the player who won, the 
last point. The serve comes about 1.6 seconds from the 
time of the score and it is served from the paddle. This 
allows for a more realistic situation: the server can 
"place" his shot. After four player paddle hits, the ball 
speeds up to twice the initial velocity. Each time ttie ball 
strikes an object, a signal is generated at the audio 
output for the duration of the frame and one more full 
frame. When the ball strikes the .boundaries or a machine 
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TV Circuits 
Note. SK1115 kit includes: MM57100N, 
MM53104N and LM1889N 

paddle, it bounces off ,the object under the rule ·that the 
angle of incidence is equal to the angle of reflection. 
Regardless of the angle that the ball is traveling as it 
hits the front of the player paddles, it will reflect as a 
function of which segment it hits. 

The score is automatically blanked when the ball is put 
into play. It remain!> blanked until a miss ·is recorded 
and it is then properly incremented and displayed. The 
game, is completed· when one of the players reaches 15 
points. At this time, the score remains on and the serve 
is inhibited until the Game Reset is depressed. Both the 

, Game Reset and Game Select inputs are debounced for 
16.5 ms.· 

The video output signal contains horizontal and vertical 
blanking, horizontal and vertical sync and the black and 
white information necessary to generate the picture 
on a TV, receiver through the antenna input. The picture 
is not interlaced. Chroma outputs provide the color 
and burst information and are properly timed with the 
video. 

features 
·• Three games: Hockey, Tennis and Handball 
• All games in full color 
• Ball speed doubles after fourth hit 
• Segmented paddles for automatic ball spin 
• Adjustable paddle size/handicapped play 
• Automatic digital scoring 

• Sound 
• Serve from paddles 
• Designed to ·interface with a minimum effort to a 

standard television receiver 

connection diagram (DIP Top View) 

RIGHT PADDLE 24 GAME SELECT 

LEFT PADDLE 23 GAME RESET/ 
PADDLE SIZE 

TEST 
.J 22 

POWER "ON" 

VDD 
21 

NC 

AUDIO 20 NC 

VIDEO 
19 

NC 

Va1ASA 18 NC 

CHROMA A 
17 

NC 

CHROMA B 16, NC 

Vs1Ass to 15 
•1 

NC 11 14' 
VGG 

Vss 12 13 "2 

Order Number MM57100N 
see Package 22 

1. 

.m 



13 r.,;-, --''""' -""l....::..:..:::'....J 
CLOCK ¢2. CLOCK: 411 

CHROMA A 1!-------.i..-r-"-1 
r--'\rv..-+--""'IAIGHT .... 

~""'' 
--1- Zl RESET 

MM5710DN 
VIDEO GAME 

.... -'\fV\j..-+---1 LEFT 

-15V 

-•v 

FIGURE 1. Video Game System Oiagram 

GAME DESCRIPTION 

Tennis 

Tennis consists of a green court with a blue border, · 
a yellow net, orange paddles and a light green ball. 
It is played by two players who, through the use of their 
individual controllers, can vertically raise or lower their 
paddles. Play starts when the machine automatically 
serves the ball cross court. This can be from either the 
left or the right. The player who is served must hit the 
ball back to his opponent, who must then. return it. 

As the volley begins, the speed of the ball increases once, 
making it more difficult to return. The speed change 
occurs on the fourth hit. When either player misses the 
ball, a point is scored for his opponent and the next 
serve comes to him after a wait of 1.6 seconds: To 
increase the play vafue, the ball can bounce off both 
the top and bottom walls. In addition, before the play 
begins, each player can choose a large, medium or small 
paddle, depending on his playing skill. The paddles 
are sectioned, giving a "spin" effect to the ball. 

The score, which is yellow, is automatically displayed in 
large, easy-to-read numerals. The score appears when 
the ball is missed and remains on until the ball is served. 
Play ends when the first player reaches 15 points. At the 
end of the game, the score remains on until the game 
is reset. 

Hockey 

Hockey consists of a blue playing field which is sur
rounded . by. yellow walls, two yellow player-controlled 
goalies, six light yellow machine-controlled forwards 
and a light blue hockey puck. 

Hockey, while similar to tennis, is a much fal>'ter and 
more exciting game. Each player controls only his 
goalie, who moves in a vertical motion. In addition, 
each pl ayer has three forward men who also move 
vertically. These men are not under player control but 
move up and down, as a group, automatically. As in 
tennis, the opening serve comes cross court and can 
come to either player. Further serves are to the player 
who has just lost a point. 
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Since each player has four men who can ·return the 
puck, the play is very fast. To- make it even more diffi
cult, a point can only be made when the puck slips 
through either player's goal - a small opening located 
directly in the middle of the side walls. Since only a 
small portion of the left and right walls is used for 
scoring, the puck can essentially rebound off all four 
walls. Scoring is the same as in tennis - first player to 
reach 15 is the winner. The score is yellow. 

Handball 

Handball consists of a brown court, two paddles - one 
blue and one orange,.and a yellow ball. It plays identical 
to tennis except only one player plays at a time and 
both are on the same side of the court, playing against 
the opposite wall. After the ball is served, the serving 
player disappears from the screen and the other player's 
paddle appears. He must hit it, or he loses the point and 
the other player serves again. If he hits it, his paddle 
disappears and the other paddle comes on the screen. 
The other player must return it to the wall. The object 
of the game is to keep the ball in play by continuously 
hitting it to the back court wall. The.ball cari be reflected 
off three sides - the top, bottom and right wall. The 
first player to score 15 is the winner. The score colors 
match the paddle colors - one blue and one orange. 

SUMMARY 

Table 1 describes how the game will appear on a standard 
25" TV. The actual appearance will vary somewhat 
from set to set as a function of color control settings, 
fine tuning, overscan, etc. Table 2 and Figure 10 define 
the Chroma Outputs and the approximate color they 
generate. 

SYSTEM CONFIGURATION 

Figure 2 is a detailed schematic of how the MM57100 
TV Game Chip would appear in a completed system, 
including the MM53104 clock generator and the LM1889 
channel modulator. 
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de electrical characteristics 0°c::; TA::; 75°c 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Operating Supply Voltages 

Vss-Voo 14.25.:::; Vss - VGG.:::; 15.75 8.5 9 9.5 v 
Vss-VGG 8.5.:::; Vss - voo ::; 9.5 14.25 15 15.75 v 

Operating Supply Current 

loo ·Vo[)= Vss - 9.5V 35 mA 

IGG VGG = Vss- 15.75V 15 mA 

Osc. Input Levels, </>1, </>2 

(Figure 3) 

V1H Logical High Level V55-0.5 Vss v 
V1L Logical Low Level VGG VGG+0.5 v 

Chroma A Output Levels CL= 50 pF, loc=O, 

(Figure 4) 8.5.:::; Vss - voo.:::; 9.5, 

(Typical values are for 

Vss - Voo = 9V). All voltages 

specified with respect to Voo 

VAl Al = 0.465 x (Vss - Vool 3.95 4.18 4.42 v 

ROAl Output Impedance 900 2060 n 
VAO AO= 0.298 x (Vss - Vool 2.53 2.68 2.83 v 
ROAO Output l,;,pedance 790 2060 n 
VAsuRST ABURST = 0.238 x 1.82 1.93 2.04 v 

(Vss-Vool 

RoABURST Output Impedance 710.0 2030 n 
VA3 A3 = 0.134 x fVss - vool 1.13 1.2. 1.27 v 
ROA3 Output Impedance 520.0 2100 n 

Chroma B Output Levels Ct.:=50pF, loc=O, 

(Figure 4) 8.5 <:::; Vss - Yoo::; 9.5. (Typical 

values are for Vss - Yoo= 9V). 

All voltages specified wit.h respect 

to Yoo 

V91 B1 = 0.465 x (Vss - Vool 3.95 4.18 4.42 v 
Ros1 Output Impedance 900 2060 n 
vBo so= 0.298 x (Vss - Vool 2.53 2.68 2.83 v 
Roso Output Impedance 790 2060 n 
V93 B3 = o.134 x (Vss - Vool 1:13 1.2 1.27 v 
Ro93 Output Impedance 520 2100 n 

Chroma A Bias and Chroma B cL = 50 pF, 10 c =·o, 

Bias Output Levels 8.5 s Vss-,- Yoo s 9.5. (Typical 

values are for Vss - Yoo= 9V). 

All voltages specified with respect 

to Voo 

VBIASA· VBIASB = 0.298Nss - Vool 2.53 2.68 2.83 v 

Ros1ASA. Ros1ASB ~ 790 2060 n 
Chroma and Chroma Bias Output CL= 50 pF, !locl:S: 50µA, 

Offset Voltages ilcHROMA- IBIASIS.5µA, 

ilcHROMAA - ICHROMABIS 5µA 

Vos 10 50 . mV 

4-40 



de electrical characteristics (con't) 0°C'.S:TA'.S:75°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Video Output Levels (Figure 5) CL= 50 pF, loc = 0, 

8.5 = Vss - Voo.,::; 9.5. All voltages 

specified with respect to Voo.(Typical 

values are for Vss - Voo = 9V) 

VsvNC VsYNC = 0.444 x 3.77 4 4.22 v 

(Vss -Vool 

RosvNc Output Resistance 906 2080 n 

VB LANK VB LANK= 0.333 x 2.83 3 3.18 v 

(Vss-'- Vool = o.75 x 

VsvNc 

Ros LANK Output Resistance 835 2080 n 

VoARK VoARK = 0.242 x 2.06 2.18 2.30 v 

(Vss - Vool = 0:545 x 

VsvNC 

RooARK Output Resistance 726 2030 S1 

VL1GHT VuGHT = 0.148 x 1.26 1.33 1.41 v 

(Vss - Vool = o.383 x 

VsvNC 

Ro LIGHT Output Resistance 556 2040 n 

Audio Output Level (Figure 6) RLOAD = 100k, CLOAD = 20 pF 

VouT Voo v 

Output Resistance to Voo 

Ro"ON" "ON" Resistance VoL.,::; Voo +0.5 1.0 5 kn 

Ro"OFF" "OFF" Resistance voH ::>: Voo + 3.o 50 500 kn 

couT 5 pF 

Reset, Test and Game Select 

Input Levels 

V1H Logical High Level Vss-1.s Vss v 

V1L Logical Low Level Voo v 0 o+2.5 v 

Paddle 1 and Paddle 2 8.5.,::; Vss - v 0 o:::; 9.5 
Input Levels (Figure 7) 

Vp1 Input Trip Level Voo-0.4 Voo v 00+o.4 v 

VoH Logical High Output Reset RLOAD = 15 kn to VGG. vss-2.5 Vss v 
Level CLQAD = 0.1µF, 10% 

Power "ON" Clear Input 

Levels (Figurn 8!. See Note 6 

VcLR Input Trip Level RLOAD = 180k, 10%, Voo-0.5 Voo Voo+0.5 v 

CLQAD = lµF, 10% 

VoH Logical High Output Vss-2.5 Vss v 

Reset Level 

en Noise Levels on Chroma A, 8.5.,::; v 55 - v 00 :::; 9.5, -200 200 mV 

Chroma B, and Video Outputs 14.25:::; Vss - VGG:::; 15.75, 

CLQAD = 50 pF, .Ill.,:; 50µA 

Note 1: Chroma A, Chroma B and the Chroma bias oµtput leve~s are specified for de current= 0. Typical de loading conditions are 30µA or less. 
The resistor network in Figure 9(a) can be used to determine the shift and interaction in outputs for de. load conditions. 

Note 2: Video output levels are specified for de current= 0: Any other loading· conditions will influence the output levels and the resistor network 
in Figure 9(b) can be used to calculate output le.vel.s. Typical de currents are 30µA or less. 

Note ·3: All diffused resistors have a ±30% tolerance, and tracking of tolerance can be assumed. 

Note 4: All MOS switch impedances include all variations, i.e., due to process, and supply variations, tracking of MOS switch impedances can 
be assumed. 

Note 5: Tracking of .diffused resistor tolerances and MOS device tolerances cannot be assumed. 

Note 6: Power On Clear input pin is reset by the MM57100 to the VoH 1.evel near the end of the internal Power On Clear Cycle, as shown in Figure 8. 
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ac electrical characteristics (0°C to +70°C, except where otherwise noted) 

PARAMETER CONDITIONS MIN 

Osc Inputs, ¢1 and ¢2 Input 

Frequency (Figure 3) 
·. 

Rise and Fall Times 

tr. If 

td L 1 

trp 
tpwl 0.405 

tpw2 0.380 

VQL1 v 55-1.o 

VQL2 Vss-2.0 

Chroma A and Chroma B Output CL~ 50 pF, loc:::; 50µA 

Timing .(Figure 4) 

trA 

tfA 

trB 

trn 

ISCB 

trc8 
tfCB 

icu 

tcL2 

tBURST 

Video Output Timing (Figure 5) CLQAD = 50 pF, llocl:::; 50µA 

trv 
tfv 

i,s 

tfS 

trL 

lfL 

tbp 

tsvi\Jc 

lfp 

tVIDEO 

!BLANK 10.5 

Audio CJtput Timing ¢1, ¢2 inputs= 1.0227 MHz, 

(Figure 6) CLQAD = 20pF 

fa Output Frequency l1oc 1:::; 50µA 

Audio Tone Duration 

ION 18.55 

to FF 
. 

tra, tta CLOAD = 20 pF, 

REXT = 120k to Vss 

Iha 

lpwa 

Player Paddle Timing CLOAD = 0.1µF + 10%, 

(Figure 1) RLOAD? 15 krl (to VGGl 

IPH Paddle High (25H) 1.58 

IPL Paddle Low (215H) 

IRP 

Power "ON" Clear Timing RC> 138 ms, R = 180k, 10%; 

(Figure 8) C ~ 1µF, 10% 

ldcl 60 

tpowER 

442 

TYP MAX UNITS 

1.0227 MHz 

40 ns 

10 ns 

0.9778 µs 

µs 

µs 

Vss-o.5 Vss v 

vss-1.0 Vss v 

175 225 ns 

175 225 ns 

175 225 ns 

175 225 ns 

450 ns 

175 ns 

175 ns 

0 ns 

0 ns 

2900 ns 

250 500 ns 

250 500 ns 

250 500 ns 

250 500 ns 

150 225 ns 

150 225 ns 

5 µs 

4,5 4.9 µs 

1 1.25 µs 

0.97 µs 

11 11.9 µs 

491 Hz 

30.25 ms 

15 µs 

10 µs 

1 ms · 

2.037 ms 

ms 

13.7 ms 

1.2 ms 

ms 

30 ms 



VIDEO 

CHROMA A 

CHROMAB 

ol VtH 

10 ---:-i .. f = 1.022727 MHz ±28 Hz 

50% 

101=1.022727 MHz ±28 Hz 

¢2 V1H--
V1L 

FIGURE 3. Input Clock Waveforms 

HOCKEY BORDERS VIDEO 

VsvNC -
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:::7 
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AO 
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Al 
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BO 
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83 
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FIGURE 4. Video.Chroma Timing 

4-43 



TIME * LINE! ~ =t LINE7 += =r LIN. E 262 TH. ROUGH LINE J . LINES4 THROUGH LINE 6--:- THROUGH LINE 20 ---UlilE 21 . . LINE 22 

BOTIOM OF -I--- . I . --1 1--- 1-- TOP OF 
PICTURE H I H ff-- 4.Sµs I I H I 4.Sµs PICTURE H 

VsvNC~ 
VBLANK-

VBLACK 

VwHrTE -

FIGURE 5(a). Video Output Waveform 

.. , 
trs --tsVNc tts 

VsvNc-----
90% 10% 

VBLANK ------- ----~.~0%-r--f 10% 90% 

90% 

VwHITE ---------' 

AUDIO 

HIT CAN OCCUR FROM HORIZONTAL 
LINES 48 TO 232 

tfp 

teLANK· 

FIGURE 5(b). Composite Video Timing and Levels 

tvlOEO 

t-----------tpM-----~------, 

VoH--------------;....---------. 
90% 10% 

10% 90% 
VoL-----------""'I 

--- tta --

.-------···-----, 
FIGURE 6. Audio Output ·Timing 
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H"' 63.557µs 

Note: Interlaced scan and 
equalization pulses are not used. 



VIDEO 

PLAYER 
PADDLE 

INPUT 

PLAYER PADDLE 
LINE 1 VIDEO 

~~~~ 
v1L-----..r10% 

TIMING CIRCUIT 

BOTTOM OF 
PICTURE 

Vss-------+-+
VoH-------

FIGURE 7. Player Paddle Inputs 

START OF LINE 21 
{TOP'OF PICTURE) 

....,_......_ _____ .,_ VGG 

'PH 

PLAYER PADDLE INPUT TIMING 

-] tpowrn 

Voo.VGG ! .. __________ _ 
VoMAX 

-~l",-----------VoH 

(a) Fast Power Supply Edges (b) Slow Power Supply Edges 

FIGURE 8. Power "ON" Clear Input Timing 
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Vss CHROMA A 
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Vss 
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FIGURE 9. Chroma and Vidao Output Networks (Sae Notes on Page 4·41) 
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TABLE I. Game Colors and Size on a 25" TV 

ELEMENT 

Tennis Background 

Tennis Field 

Tennis Ball 

Tennis Score 

Tennis Net 

Tennis Left Player 

Tennis Right Player 

Handball Background 

Handball Field 

Handball Ball 

Handball Le.ft Score 

Handball Right Score 

Handball Left Player 

Handball Right Player 

Hockey Background 

Hockey Field 

Hockey Border 

Hocke.y Puck 

Hockey Seo re 

Hockey Left Player 

Hockey Right Player 

Hockey .Machine Forwards 

Hockey Goals 

A3B1 
-ORANGE 

A3BO 
-YELLOW 

A3BJ 
-GREEN 

+B 

-8 

ADB1 
-RED 

ADB3 
-CYAN 

CHROMA VIDEO APPR. 

OUTPUT OUTPUT COLOR 

A1BO 

AOB3 

AOB3 

A3BO 

A3BO. 

A3B1 

A3B1 

A3BO 

A3BO 

A3BO 

A3B1 

A1BO 

A3B1 

Al BO 

A1BO 

A1BO 

A3BO 

A1BO" 

A3BO 

A380 

A380 

A3BO 

A1BO 

A181 
-MAGENTA 

A1BD 
-BLUE 

A183 
-BLUE/CYAN 

Light Blue 

Dark Cyan 

Light Cyan 

Light Yellow 

Light Yellow 

Light Orange 

Light Orange 

Light Yellow 

Dark Yellow 

Light Yellow 

Light 'Orange 

Light Blue 

Light Orange 

Light Blue 

Dark Blue 

Dark Blue 

Light Yellow 

Light Blue 

Light Yellow 

Light Yellow 

Light Yellow 

Light Yellow 

Light .Blue 

A•Blue-Y 
B•Red-Y 
Y =Video 

FIGURE 10. Chroma Outputs/Color Phase Diagram 
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APPR.SIZE COMMENTS 

13.2 x 16.8 inches2 

0.5 x 0.5 inches2 

4 x 5 inches2 Blanked during play 

0.5 x 13.2 inches2 

3 sizes 2.4, 1.2 or 0.6 inches x 0.5 inches 
independent of other paddle 

3 sizes 2.4, 1.2 or 0.6 inches x 0.5 inches 
independent of other paddle 

13.2 x 16.8 inches2 

0.5 x 0.5 inches2 

4 x 5 inches2 Blanked during play 

4 x 5 inches2 Blanked during play 

3 s.izes 2.4, 1.2 or 0.6 x 0.5 inches, 
same as other paddie 

3 sizes 2.4, 1.2 or 0.6 x 0.5 inches, 
same as other paddle 

13.2 x 16.8 'inches2 

0.5 x 0.5 inches2 

4 x ,5 inches2 Blanked during play 

3 sizes 2.4. 1.2 or 0.6 x 0.5 inches 
independent of other paddle 

3 sizes· 2 .4, 1 .2 or 0.6 x 0.5 inches 
independent of other paddle 

0.5 x 0.6 inches2 

4.6 x 0.5 inches2 Hole in the Border 

TABLE II. Chroma Outputs vs Approximate Color 

CHROMA A AND APPROXIMATE COLOR 
CHROMA B OUTPUTS 

AO, BO Light Gray 
AO, B1 Red 
AO, B3 Cyan 
Al, BO Blue· 
Al, B1 Magenta 
Al, B3 Blue Cyan 
A3, BO Yellow 
A3, Bl Orange 
A3, B3 Green 

ABURST· BO Color Burst 



DESIGN CONSIDERATION FOR THE PLAYER 
PADDLE .INPUTS 

Calculations are based on an input waveform at the 
"PLAYER PADDLE" input: 

V1N = V1H + (1-e-t/RC) IVGG - V1H) 

A solution for t = RC is done, at the input trip point 
where V1N,,; VTRIP = VDD ±0.4V, and t = td. 

RC= 
-td 

In [VGG - VDD ±0.4V) 

VGG-VIH 

Over the design range of VDD· VGG and V1H. the 
denominator has a range 

VGG - Voo ±0.4V 
-1-187 < ln(x) < -0.5864 where x = ------

- - VGG -V1H 

The time delays required vary from a minimum of 
tdT = 1.58 ms for the player paddle positioned at the 
top of the screen, to a delay of tdB = 13. 7 ms for the 
player paddle positioned at the bottom of the screen. 
For these time 9e1ays, the ranges of RC are: 

'dT 
(ACITMIN = 1.33 ms '.S . ·{v +Q Is IACITMAX = 2.69 ms 

In GG - Yoo - .4V 

VGG -V1H 

for the upper.paddle position and 

(RClBMJN = 11.54 ms; (RClBMAX = 23.36 ms 

for the lower paddle position. 

Thus, the· external RC network must guarantee a mini
mum RC of 1.33 ms or less and a maximum RC of 
23.36 ms or greater. 

Calculations of potentiometer resi5tance based on a 
linear pot use the formula: 

() x Rp 
R() = --- ±Rp - L 

8fs 

where: Re is the potentiometer tap resistance 
() is the angle of pot rotation beyond 0 

()fs is the full scale rotation of the pot, ± 
tolerance 

Rp is the full scale resistance of the pot, ± 
tolerance 

Lis the linearity of the pot 

Using RC = td, values of () can be calculated for the 
required extremes using the expression: 

This expression assumes prior selection of Rp. L, ()fs, 
and C. This expression can be modified to calculate 
Rp or C if there is any restriction on the upper limit 
of e. 
Mechanical variations, either in the potentiometer or 
the control housing which affect pot rotation should 
also be considered. 
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TIMING AND LEVEL DEFINITIONS 

tr. tf Rise and fall times of¢1 and¢2cl.ock inputs. 

tdll Delay from the Vss - 1V point of the ¢2 
positive transition to the Vss - 1 V point 
of the ¢1 negative transition. 

t¢ Clock cycle time. 

tpw1 Time from 50% point on negative edge of ¢2 
to the 50% point on the negative edge of ¢1. 

tPW2 Pulse width of the ¢2 input, at the 50% 
point. 

vou 

VOL2 

tSCB 

Crossover point where ¢1 = ¢2 and ¢1 is on 
a negative transition. 

Crossover point where. ¢1 = ¢2 and ¢1 is on 
a positive transition. 

Rise and fall times of the chroma A and 
chroma B outputs. 

Delay from start of sync pulse trailing edge 
to the start ,of the chroma A output color 
burst leading edge. 

trCB. tfCB Rise and fall times of the chroma A output 
color burst pulse. 

tBURST Chroma A output color burst pulse width. 

tcu 

tCL2 

trv. tfv 

Delay from the start of a chroma output 
negative transition to the start of the VIDEO 
output (luminance) transition. 

Delay from the start of a chroma output 
positive transition to the start of the VIDEO 
output (luminance) transition. 

Rise and fall times of the VIDEO output 
blanking pulse. 

trs. tfS Rise and fall times of the VIDEO output 
SYNC pulse. 

trL. tfL Rise and fall times of the VIDEO output 
lumin.ance pulses. 

tfp. tbp Duration of the VIDEO output front porch 
and back porch. 

tSYNC Duration of the VIDEO output SYNC pulse. 

tvlDEO Duration of the VIDEO output luminance 
pulses. 

!BLANK Duration of the VIDEO output blanking 

tON 

tOFF 

tPOWER 

H 

, pulse. 

Duration of the AUDIO output "HIT" 
tone burst. 

Delay from the end of the AUDIO output 
"HIT" tone burst to .the start of the VIDEO 
output blanking pulse. 

Rise and fall times of the AUDIO output. 

Width of the AUD 10 output tone pulse 
positive level. 

AUD.10 output tone cycle time 
(t = 1/fAUDJO) 

Rise time of the PLAYER PADDLE input. 

Delay time from the top of the picture to 
th.e highest player paddle position. 

Delay time from the top of the picture to 
the lowest player paddle position. 

Delay from point where the power supplies 
are within the operating spec to the point 
where the power-on clear input level is less 
than VcLR J. 

Fall time of the power supply at turn-on, 
to 95% point. 

One horizontal scan line. 

3: 
3: 
U1 
o.J .... 
0 
0 



LM1889 TV video modulator 

general description 
The LM1889 is designed to interface audio, color 
difference, and I urn inance signals to the antenna termi· 
nals of a TV receiver. It consists of a sound subcarrier 
oscillator, chroma subcarrier oscillator, quadrature 
chroma modulators, and R.F. oscill.ators and modulators 
for two low-VHF channels. 

The LM1889 allows video information from VTR's, 
games, test equipment, or similar sources to be displayed 
on black and white or color TV receivers. When used 
with the MM57100 and MM53104, a complete TV game 
is formed. 

block diagram 

TV Circuits 
Note .. SKl 115 kit include.s: MM57100N, 
MM53104N and LM1889N 

features 
• DC. channel switching 

• 12V to 1 BV supply operation 

• Excellent oscillator stab ii ity 

• Low intermodulation products 

• 5 Vp-p chroma reference signal 

• May be used to encode composite video 

Dual-In-Line Package 

CHROMA l 
LEAD 

R-Y 
INPUT 

CHROMA 
BIAS 

B-Y 
INPUT 

GROUND 

'"f TANK 

'"f TANK 

18 CHROMA 
.--------+--LAG 

x 

CHROMA 
DSC 

SOUND 
osc 

Order Number LM1889N 
See Package 20 
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1----11-1-7 CHROMA OSC 
OUTPUT 

16 CHROMA 
SUPPLY 

15 SOUND 
1----li--TANK 

14 RF 
SUPPLY 



tentative electrical characteristics (Applications circuit, V = 15V) 

Supply Voltage Range V14, V16 
Total Supply Current 114 + l15 
Common-IV!ode ·Input Range 

Chroma Mod. V2, V3, V4 
RF Mod~ V12, V13 

Oscillator Levels 
Sound Osc V15 
Chroma Osc Vl 7 
RF Osc V6, V7 or VB, V9 

Chroma Modulator Conversion Gain 
V13 Out/V4-V3 
V13 Out/V2 -V3 

Residual Chroma Output, V13 
V2= V3= V4 

RF Modulator Conversion Gain 
VlO or V11/V12-V13 

typical application 

CHSW 

TYP 

12-1a voe 

35 mAoc 

4-10.5 Voe 
3.5-11 Voe 

3.5 Vp-p 
5Vp-p 

300 mVp-p 

o.s Vp-p/Voc 
o.s Vp-p/Voc 

50 mVp-p 

10 mVrms!Voc 

4Jpf 3.57955'.MHz 9-35pf 

~i----+--1 .. a 

0.01.uf 

T· 

LM1B89N 

240 CH4 

~43pf 

1-'-' --~-.------o ~-~~:u~ 

" 

11 

10 

10,.H 

75 

75 

VIDEO 
OCREF 

..._ _______________ c•:•~':.::~:c•-4-----+-01svoc 
1'1µF 
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MM53104 TV game clock generator 

general description 

The MM53104 is a monolithic CMOS clock generator 
designed to generate the 2·phase non·overlapping clocks, 
¢1 and ¢2, for the MM57100 TV game chip. 

The MM53104 contains two independent oscillator 
circuits that can eithe.r be driven by an external input 
or be used as a Colpitts·type oscillator (e.g., crystal 
oscillator). The first oscillator (X1, X2) is designed to 
operate at 3.58 MHz and the output (X2) is fed internally 
to a divide·by·3 l/2 counter to generate the 1.0227 MHz 
¢1 and ¢2 outputs required by the MM57100. The 
second oscillator (Y1, Y2) is a completely independent 
oscillator and is designed for a 4.5 MHz operation. 

connection diagram 
Dual~ln-Line Package 

X2 Vee 

XI GND 

MM53104N 

Vl ¢2 

V2 
4 ¢1 

TOP VIEW 
Order Number MM53104N 

See Package 17 

logic diagrams 

IM 

NON-

TV Circuits 
Note. SK1II5 kit includes: MM571 OON, 
MM53104N and LM1889N 

All pins are protected against static damages by diode 
clamps to both Vee and ground. 

features 

• Directly drives MM57100 

• Two on·chip oscillator circuits 

• Low power consumption 250 mW typ @ 15V 

timing diagram 

XI 

X2 

¢1 _J ----' 
¢2 I L 

100k 

¢1 
731/2 Xl OVERLAPPING YI 

COUNTER CIRCUITRY ¢2 

Vee 

f 
-

f 
-

X2 Y2 

- -
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 

Vee 
Recommended Vee 
Operating Temperature Range 
Storage Temperature Range 
Package Dissipation 
Lead Temperature (Soldering, lO seconds) 

--0.3V to Vee +0.3V 
--0.3V to 16V 

15V ±.5% 
0°C to +70°C 

-65°C to +150°C 
500mW 

300°C 

de electrical characteristics 14.25V:::; Vee :'O: 15.75V 

PARAMETER CONDITIONS 

ice Quiescent Current X1-=Y1=Vcc 

Operating Current Yl = GND 

VoH Output High Level, ¢1 or ¢2 Vee= 15v 

VOL Output Low Leve I, ¢ 1 or ©2 Vee= 15V 

IOH Output Source. Current, ¢1 or ¢2 Vee= 15V, Vo= 13.5V 

IOL Output Sink Current, ¢1 or ¢2 Vci::;= 15V, Vo= 1.5V 

MIN TYP 

15 

14.95 

-7.0 

11.0 

ac electrical characteristics Vee= 15V, CL= 15 pF, all limits apply across temperature. 

PARAMETER CONDITIONS MIN TYP 

TR Rise Time of ¢1 or ¢2 15 

Tf Fall Time of ¢1 or ¢2 15 

TPW,¢1+ Positive Pulse Width of </>1 410 455 

TPW,¢1- Negative Pulse Width of ¢1 470 520 

TPW,¢2+ Positive Pulse Width of ¢2 510 570 

TPW,¢2- Negative Pulse Width of ¢2 380 410 

TW,¢2- Effective Negative Pulse Width 405 440 

of ¢2 

TdL1 ¢1 Overlapping ¢2 Time -13 

TdL2 ¢2 Overlapping ¢1 Time -2 

vou ¢1 Cross-Over ¢2 Voltage vcc-1.0 Vee 

VOL2 ¢2 Cross-Over ¢1 Voltage vcc-2.0 Vcc-<J.8 

MAX UNITS 

600 µA 

mA 

v 

0.05 v 

mA 

mA 

MAX UNITS 

30 ns 

30 ns 

510 ns 

570 ns 

600 ns 

470 ns 

ns 

5 ns 

10 ns 

v 

v 

Note 1: ,. Absolute Maximum Ratings" are those values beyond which the safety of the devi.ce cannot be guara.nteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table. Of "E1ectrical Characteristics" 
provides conditions for actual device operation. 

ac test circuit 

5V-

OV 

Zk W. 
~ 

T1 = 145 ns 
T2·= 135 ns 
tr=t1=20ns 

INPUT FROM PULSE ,.___j 
GENERATOR I 

O.DlµF 

CL= 15 pF including scope prpbe and au stray capacitances. 

Note: When the MM53104 is used with the MM57100 
and LM1889, the 4.5 MHz oscillator in the MM53104 
is not needed :and thus pin 3 shou'ld be grounded. 
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"'=" 
~ switching time ~aveforms 
Ln 
~ 
~ PULSE 

GENERATOR 

11-

~·1T1F 
Trw,¢1-----------j ... ~. ----Trw.02-

---------TPW,02+ ~ Tw.n--------

¢2 GND 
0.5V 

Note: tr~ t1 ~ 20 ns f--------TPW,¢1+-----~-i 

452 



TV Circuits 

MM58106 digital clock and TV display circuit 

general description 

The. MM58106 is a monolithic CMOS integrated circuit 
which generates a display of channel number an.d time 
on the television screen. The circuit can either display 
channel number (2-83) or program number (1-16). 
Time display can be 4 or 6-digit, in either 12 or 24-hour 
mode. Timekeeping is controlled from a 50 Hz or 
60 Hz input. The position of the. display on the TV 
screen is controlled by adjusting the external RC time 
constants. 

The circuit is packaged in a 28-lead dual-in-line epoxy 
package. 

block diagram 

'" 
'" 

4MHz 
CLOCK 

HORIZONTAL 
. PULSE 

VERTICAL EDGE CHANNELS 
PULSE DETECT {B) 

FIGURE 1 

OSCILLATOR 
INHIBIT 

VIDEO 
OUT 

features 

• Single chip clock and display 

• 12 or 24-hour operation 

• 5 or 8-digit time display 

• Channel or program number display 

• 50/60 Hz operation 

• Charnel and time display on channel change 

connection diagram 

SET SET Dual-In-Line Package 
HR HOLDMIN 

Rv 28 
VERT 

12/211 HR 21 
'v DIGIT SEL 

Vaa ,2G OSC INHIBIT 

CTI 25 4 MHz CLOCK 

CH/PROG SEL 24 RH 

CU1 23 HOR 

VIDEO OUT 22 CH 

Vss Zl 50/60 Hz INPUT 

CU4 ZD S0/60 SELECT 

CU2 
10 19 

SET HR 

CT4 11 .18 
SETMtN 

CT8 
12 17 

12/24 HR 

CT2 13 16 HOLD 

CU8 14 15 EDGE DETECT 

TOP VIEW 

FIGURE 2 

Order Number MM58106N 
See Package 23 
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absolute maximum ratings 
Supply Voltage (Voo - Vssl 5.5V 

Voltage at Any Pin Vss - o.3V to +5.5V 

Operating Temperature 0°C to +70°C 

Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics Voo = 5V, Vss = OV, unless otherwise specified 

PARAMETER CONDITIONS MIN 

Power Supply Voltage, Voo Vss= o 4.75 

Power Supply Current 

Input Voltage Levels 

Channel Inputs 

Logical Low vss-o.3 

Logical High voo-o.3 

Hori?ontal and Vertical Inputs 

Logical Low Vss-Q.3 

Logical High Voo-0.3 

Set Mins, Set Hours, Hold, 12/24-Hour Internal Pull-Up Resistor to 

Select, 50/60 Hz Select, Channel/ voo l600k Min) 

Program Select 

Logical Low vss-0.3 

Logical High 

All Others 

Logical Low Vss-0.3 

Logical High Voo-0.3 

Input Frequency 

4 MHz Clock 1 

Horizontal Pulse Width= 14µs 

Vertical Pulse Width= 1 ms 

Output Voltage Levels 

Oscillator Inhibit and Video Output 

Logical Low Vss-0.3 

Logical High Voo-o.5 

One-Shot Output Pulse Duration 

Horizontal 

Vertical 

Output Drive 

Video Output 

Logical Low vss+ 1v (-1) 

Logical High Voo-1v 1 

Oscillator Inhibit Output 

Logical Low Output Forced Up to Voo-4.5V (-2) 

Logical High voo-1v 0.2 

External RC 

CvERTICAL 

CHORIZONTAL 

RVERTICAL 

RHORIZONTAL 

Propagation Delay Oscillator Inhibit From Input Clock to Oscillator 

Output Inhibit Output 

Input Leakage 

Input Capacitance 

Edge Detect Pulse Duration C = 2 µF, R = 1 MQ 
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TYP MAX UNITS 

5 5.25 v 

800 µA 

Voo-5· Voo-4.5 v 

Yoo Voo+o.3 v 

Voo-5 Voo-4.5 v 

Yoo Voo+0.3 v 

Vss Vss+0.3 v 

Open 

vss Vss+0.3 v 

Yoo voo+o.3 v 

4 4.5 MHz 

15.75 kHz 

60 Hz 

Vss Vss+o.9 v 

Yoo voo+o.3 v 

50 µs 

13 ms 

mA 

mA 

mA 

mA 

0.1 µF 

0.001 µF 

100 kQ pot 

100 kQ pot 

2 clock pulses 

1 µA 

5 pF 

2 sec 



functional description 

A block diagram of the MM5B106 TV timer is shown in 
Figure 1. A connection diagram is shown in Figure 2. 
Unless otherwise indicated, the following discussions are 
based on Figure 1. 

50 or 60 Hz Input: This input ,has a shaping circuit 
which allows using a filtered sinewave input. A simple 
RC filter such as shown in Figure 4 should. be used to 
remove possible line voltage transients that could either 
cause the clock to gain time or dam.age the device. 
The input should swing between Vss and Voo. The 
shaper output drives a counter chain which performs 
the. timekeeping function. 

Alternatively, in a crystal controlled battery· operated 
system, an oscillator and prescaler circuit' such as the 
MM5369 could be used as a timebase. 

50 or 60. Hz Select Input: This input programs the 
prescale counter to divide by either 50 or 60 tci obtain 
a 1 pps timebase. The counter is programmed for SO Hz 
operation by connecting this input to V55. An internal 
1 Mr/. pull-up resistor is common to this pin; simply 
leaving this input unconnected programs the clock for 
50 Hz operation. 

Time Setting Inputs: Inputs to set hours and set minutes 
as well as a .hold input, are provided. Internal 1 MQ 
pull-up resistors provide the normal timekeeping· func
tion. Switching any one of these inputs (one at a time) 
to "O" results in the desired time setting function. 
Set Hours advances hours information at 1 hour per 
second, and Set Minutes· advances minutes information 
at one minute per second, without roll over into the 
hours counter. The hold input stops the clock to the 
minutes counter and resets the seconds counter. 

Display Control: The channel number and time display 
circuits operate from the 4 MHz input clock frequency. 
The horizontal , and vertical position of the display is 

. controlled by adjusting the e.xternal RC time constants 
(RH. CH, Rv, Cv). ' 

These monostables are triggered by the horizontal and 
vertical retrace signals as shown in the timing diagram in 
Figure3. 

A 7-segment decoder is used. to decode either channel 
inputs or. time. Also a time slot decoder is employed to 
decode the appropriate time slot and the digit .to be 
displayed. It generates a video output signal that can 
modulate the sw~ep of the television tube for the on
screen display. 

Channel/Program Number Select: This control pin has 
a pull-up resistor to, Voo and, with the input open, 
the chip will accept a binary plus 1 code on the CU1 to 
CUB inputs and display the program number: For 
example, an input code of 0000 will indicate channel 1 
and 1111 will indicate channel 16. 

With this input at "O", inputs CU1 to CUB and CT1 to 
CTB. will accept BCD inputs for channel units and 
channel tens respectively, and display channels 2-B3. 

Edge Detect: On program change, the time and number 
will be displayed for a period depending.on the external 
capacitor and resistor connected to the Ei;lge Detect pin 
(Figure 4). 

1---------1&.7 m$---------i 

VERTICAL --u 
RETRACE 

VERTICAL --, ..J 
TIMEOUT L.,{ 

HORIZONTAL-----. r-----------"""'1fa-, ,..;-
RETRACE U 

HORIZONTAL 
TIMEOUT 

OSCILLATOR 

i--------63.6,µs---~-_.., 

L_J, 

INHIBIT--------! 
~16µs---! 

CLOCK 4MHz ____ ..,... __ _, ww,_ __ _ 

VIDEO OUTPUT nnn 
CHARACTER IUUI 
DISPLAYED----------~~ '-----------

/C':'-f3:57 

FIGURE 3. Timing Diagram 
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typical applications 

OFF \DISPLAY 

J 
{

I 
INPUT OUTl~UT 

CONFIGURATION } CONFIGURATION 
FOR CHANNEL FOR DSC INHIBIT, 

INPUTS AND VIDEO OUTPUT, 
CONTROL INPUTS, DIGIT SELECT 

I 

I 

50/60 Hz SELECT 5V-!i0 Hz 
GND-60 Hz 

zo 

~ SET I' . HRS 19 

':" ~ SET I' , MIN 18 

r~·HOL0 16 
5V-24 HR, GN0-12 HR 17 

DSC INHIBIT 26 

'""{ ID 

UNITS 4 

8 14 

'""{ 13 

TENS ,4 11 

8 12 

PROGRAM/CHANNEL SELECT 
!iV-PROGRAMS {EUROPEAN) 

GNO-CHANNELS 

5V 

MM!i8106 

FIGURE 4. 

RETRACE{){~ INPUT 

I I 

21 

5V 

6.Bk 

TDTV 
VIDEO OUTPUT 
CIRCUIT 

-Q!lllov 
D-~U;.:;TP'-'U..;.T-'---+---~V 

6.Bk 

DIGIT SELECT 
!iV-8 DIGITS 
GN0-5 DIGITS 

FROM TV 
1--... -'1.M.-HORIZDNTAL 

RETRACE 

FROM TV 
._ __ -"f\A-VERTlCAL 

5V 

V2 

'RETRACE 

RETRACE--, .--
INPUT LI 

V1-i_r

V2~ 
FIGURE 5. Horizontal and Vertical One-Shot Circuit 
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Analog to Digital (A/D) Converters 

LF1J300 integrating A/D analog building block 

general description 

The LF13300 is the analog section of a precision 
integrating analog to digital (A/D) system. JFET and 
bipolar transistors (81-FET) are combined on the same 
chip to provide a high input impedance unity gain 
buffer, comparator and integrator, along with 9 JF ET 
analog switches. The LF 13300 has sufficient accuracy 
to construct up to a 4 1 /2-digit Digital Panel Meter 
(DPM) or up to 14-bit (plus sign) Data Acquisition 
System and is specifically designed for use with either 
the MM5330 BCD digital building block or the MM5863 
12-bit binary building block. 

block and connection diagrams 

AN/I.LOG UNKNOWN 
GNO INPUT REFERENCE BUFFER 
IAG) !Vxl INPUT(Vf!) OUT 

OP AMP 
JN PUT 

OP AMP 
OUT 

features 

• Rugged JFETs allow blow-out free handling 

• High input impedance> 1000 MD 

• Automatic offset correction 

• Analog circuitry can be physically and electrically 
isolated from high noise digital circuits 

• Analog input range of ±11V with ±15V supplies 

• Wide power supply voltage range ±5V to ±18V 

• TTL and CMOS compatible logic 

• Can interface directly with microprocessors 

• Versatile: can be used as a 12cbit plus sign binary 
AID, 4 1/2-digit, 3 3/4-digit and 3 1/2-digit Digital 
Panel Meter (DPM) 

• Low cost 

OFFSET CORRECTION 
CAPACITORS 

Oual~ln·Line Package 

POWER I 
SUPPLYGNO 

v•' 
COMPARATOR 3 

UUT 

NEG RAMP 
UNKNOWN 

POLOET/POS 6 
RAMPUNKfjOWN 

OFFSET 7 
CORRECT 

RAMP 8 
REFERENCE 

DIGITAL 9 
GNO 

TOP VIEW 

18 A~ALOG 
GNO 

17ANALOG 
INPUT 

" VRff 

1SsuFFER 
OUT 

l4 0'AMP 

" ll OP AMP 
OUT 

12 
Caci 

11 Coc1 

10 
cocJ 

POWEASUPPtY 
GNOll'SGI 

v+ GPEN·COLLECTOR NEGATIVE RAMP POLARITY OFFSET RAMP OIGITAl Order Number LF13300N 
See Package 20 COMPARATOR OUT 

!COMP) 
UNKNOWN (RU-) OET/POS CORRECT REHRENCE GNO!OG) 

RAMP UNKNOWN (OC) (RR) 
{PO/RU+) 

TOPV1EW 

5·2 



absolute maximum ratings 

Supply Voltage ±18V 
Power Dissipation (Note 1) 570mW 
Operating Temperature Range 0°c to +10°c 
Junction T-emperature 110°C 
Storage Temperature Range· -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrica I characteristics (Vs= ±15V, TA= 25°C, unless otherwise noted) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Analog Input Current, l1N Vx = 0, Currents into Pins 17 and 18, 50 500 pA 

Test Circuits 1 and 2 

Analog Input Voltage Range Vx adjusted until ll1Ni:? 10 nA, ±11 ±12 v 

Test Circuits 1 and 2 

Analog Input Resistance Vx = OV, Test Circuits 1 and 2 1000 MU 

Reference Input Currents, IR VR =.10V, Current into Pin 16, 100 1000 pA 

Test Circuit 3 

Reference Input Voltage Range VR Adjusted until llRI 2'. 10 nA, 0 11 v 

Test Circuit 3 

Reference Input Resistance VR = 10V, Test Circuit 3 500 MQ 

Offset Correction Voltage, -Va Test Circuit 4 -12 v 

Offset Correction Input Ci.irrent, loc Test Circuit 5 200 2000 pA 

Op Amp Slew Rate Test Circuit 6 10 V/µs 

· Op Amp Bandwidth Test Circuit 7 3 MHz 

Buffer Slew Rate Test Circuit 9 25 V/µs 

Comparator Response Time 200 µV Input Step, 100 µV 2.5 µs 

Overdrive, Test Circuit 11 

Comparator Output Saturation Vee= 5V, RL = 2k, 0.2 0.4 v 

Voltage 0°C:::; TA:::; +70°C, Test Circuit 11 

Logic "1" Input Voltage 2.0 6 v 

Logic "O" Input Voltage All Switching Input Pins 5, 6, 7 and 8, -5 0.8 v 

Os TA S +70°C 

Logic Input Current 2 20 µA 

Power Supply Voltage Range, ±Vs VR :::;v+ -3V. VIN =OV ±4.75 ±18 v 

±Vs is Variable 

Power Supply Currents, ±Is ±4 ±11 mA 

Note 1: For operating at elevated temperatures, the LF13300 in the DIP package must be derate,d based on the thermal resistance of 100°C/W 
junction to ambient. 
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0 
~ electrical characteristics 
CW> 12,bi't plus sign A/D converter system characteristics. (LF13300 with MM5863). (Circuit configured as in Figure 1, VR = 
['. 10.000V, 0°C <;TA::;; +70°C unless otherwise noted.) 
-I 

PARAMETER 

Resolution 

Nonlinearity 

Differential Nonlinearity 

Ratiome.tric Gain Error 

Gain Error Drift 

Zero Reading Drift 

Analog Input Voltage Range 

Analog Input Leakage Current 

An.alog Input Resistance 

Reference Input Voltage Range 

Reference lhput Leakage Current 

Reference Input Resistance 

Conversion Time 

15V Supply Currents 

-15V Supply Currents 

5V Supply Currents 

ac test circuits 

15V 

5V 

POWER GND .,,. 
-15V 

+ 
REFERENCE INPUT 

VA VOLTAGE 

ANALOG INPUT 
Vx VOLTAGE 

POL YPROPYL:e { 
CAPACITOR 

MYLAR { 
CAPACITORS 

1M 

0'.1µF 

CONDITIONS 

VR = 5.000V, -1ov::;; Vx::::: +10V 

Vx;,, ±10.000V, TA= 25°C 

Vx = 10.000V 

Vx = OV 

TA= 25°C, Vx = OV 

TA= 25°C, Vx = OV 

TA= 25°C, VR Varied 

TA= 25°C, VR = 10.000V 

VJN = 10.000V, Fe= 250 kHz 

LF13300, v+ Currerit 

LF13300, v- Current, 

MM5863 VGG Current 

V1N = OV, MM5863, Vss Current 

V+ 
16 PG 

VA 

18 
AG 

tJ 
Vx 

BUFFER OUT 

14 

Test Circuit 12 
12-Bit A/D Converter 

V- ••• 
3 26 

COMP COMP 
OUT 

22 
RU- RU-

21 
PO/RU+ PD/RU+ 

20 
oc oc 

19 
DA IN LF13300 RR RR 

18 
QA OUT OG GNO 

.,,. 
DIGITAL 

GNO 

SC 

Coc:1 

27 

SERIAL 2!iDkHz 
CLK CLK 

START 
CONVERSION 
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MIN 

14 

±11 

0 

Vss 

POL 

OR 

MS8 

288 

JSB 

488 

5SB 

MM5863 &SB 

7SB 

858 

988 

10S~ 

1188 

LS8 

PIS EOC 

28 OE J 

PARALLEL OUTPUT 
/SERIAL ENABLE 

TYP MAX 

±1/8 ±1/2 

±1/8 ±1/2 

±1/2 ±2 

±1 

±0.5 

±12 

50 500 

1000 

12 

100 1000 

500 

36 

4 11 

27 44.8 

23 38.5 

POL/SER OUT 

OVERRANGE 

211_MSB 

14 

13 

12 

11 

10 

12·BIT BINARY 
OUTPUTS 

zO LSB 

23 END UF 
CONVERSION 

UNITS 

Bits 

LSB 

LSB 

LSB 

ppmfC 

ppmfC 

v 

pA 

Mn 

v 

pA 

Mn 

ms 

mA 

mA 

mA 
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functional description 

lM 

The LF13300 goes through the following 5 states during 
normal cycle: 1) Offset Correction; 2) Polarity Determina
tion; 3) Initialization; 4) Ramp Unknown; 5) Ramp 
Reference. 

Offset Correction Description (Figure 1) 

The Offset Correction scheme will drive the input of 
the comparator to its switching threshold when the 
analog input is zero and the timing components, RC, 
are bypassed. 

The Offset Correction input (OC) is driven high, closing 
switches S4-S9. 

The offset voltages are assigned as follows: Vos1 - the 
input offset voltage of the buffer; Vos2 - the input 
offset voltage of A 1; Vos3 - the input offset voltage of 
A2; VQS4 - the input offset voltage of the comparator. 

S5 grounds the input of the buffer so that its output 
voltage is simply Vos1. 56 bypasses R to keep the 
integration time constant, RC, from affecting the 
circuit operation. 54 makes the total equivalent input 
voltage to Al be -Vos1 - Vo52. 57 puts the op amp 
in a unity gain configuration with respect to the input 
of A2. SB keeps the output voltage of the op amp at 
-VB + Vo54 = -VB' (the Offset Correction potential) 
since the comparator is placed inside the loop. C3 
samples the output of the -VB generator. The voltage 

. at the non-inverting input of A2 is -VB + Vos1 + 
Vos2 + Vo53 + VC)54 = V1. Thus, the sum of the 
offsets is stored on C1, and the differential voltage 
across the comparator is zero. 

5.5 

~ 
!;; 

~ 
2 
8 0.1 ,. 
;:: 

" c 
~ 0.01 

~-

' ~ 0.001 

Integration Time Constant 
{RC) vs fcLK for Different 
Reference Voltages. VR 

Vs - !.15V 

"""i;J ,~.';~~~ 

VR •4V -,.. ~ 
§ VR • ZV 

rir 1 ~ 
10 100 

. fcLK (kHz) 

Polarity Oetermination (Figure 2) 

1M 

The simplified diagram of the LF13300 in the Polarity 
Determinat.ion state· is shown in Figure 3. 55 and 53 are 
closed during this period. 55 grounds the buffer input 
and Vx (the unknown voltage) is applied through 53 
to the non-inverting input of A 1. The equation that 
describes the op amp output voltage is given in_Figure 3. 
When Vx is applied to A 1 at ti, the output of the 
op amp slews to Vx and is integrated until t2, when 
S3 opens and 54 closes. This causes VouT to slew down 

. 1 1t2 
by -Vx leaving RC Vxdt - VB' on the output 

t1 . 

of the op amp. The comparator output goes high if' 
Vx > 0 and remains low if Vx :=;; 0. 

Initialization (Figure 1) 

During initialization, the LF13300 is configured the 
same way as it is in the Offset Correction state and the 
op amp output is brought back to the Offset Correction 
potential -VB'. 

Ramp Unknown (Figures 2 and 3) 

In the Ramp Unknown state, if Vx ::'.'. 0, S3 and S5 are 
cl0sed, as shown in Figure 2, and Vx is applied to the 
+ input of the integrator. If Vx::;; 0 and the LF 13300 is 
connected as in Figure 3 with 52 and S4 closed. Vx is 
now applied through the buffer to the - input of the 
integrator. In either Ramp Unknown case, the op amp 
output ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 



0 
~ functional description (Continued) 
M 
~ Ramp Reference (Figure 4) 
...I 

In this state, the LF13300 is configured with switches 
51 and S4 closed. The reference voltage, VA. a positive 
voltage, is applied . to the buffer input and the op amp 
output ramps down until VouT = -Vs' where the 
comparator will trip. 

If Vx and VR are assumed to be constant over their 
respective integration periods, the integrals of Figure 7 
are reduced to, 

BUF OUT R OP AMP IN 

15 14 

or 

Since t4-t3 = 4096 clock periods and t5-t4 can be 
measured in clock periods, VxlVR = X/212, where X is 
a digital binary, output representing an analog input 
Vx with respect to VA. 

DP AMP OUT COMP OUT 

-Vs'= -Vs+ Vos4 
13 r----- -----

1 + 

I 
I 
I 
I 
I 
I 
I 
I 

L fs--r 
VR Vx 

AG 

18 11 

SH 

v1 =-Va+ Vos1 + Vos2 + VosJ + VoS4 

-Va 

12 

FIGURE 1. Offset Correction Circuit 
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functional description (Continued) 

8UF OUT R OP AMP I~ 

r-----
1 + 

I 
I 
I 
I 
I 
I 
I 
I 
L~- AG 

116 17 18 

V2 

Vt 

tl 12 

, Jt4 -Vs'+Vx+ -
RC t3 

1 Jt2 -Vs'+Vx+ -
RC t1 

OP AMP OUT 

VauT 

53 S5 

Vx dt: Ramp Unknown for V1N 2: 0 

Vx dt: Polarity Determination 

.COMP OUT 

Vs ' -Vs RU- PO/RU+ oc RR 

ttl t-r i• r-f.1,-r ...'." 
... _ ..... __ ... _ __, POWER 

DIGITAL 
GND ANALOG GND GND 

':' 

FIGURE 2. Polarity Determination Circuit or Ramp Unknown Circuit for Vx·2: 0 

. 1 ft4 . 
VouT = -Va'+ - vx dt 

. RC t3 

8UF OUT R OP AMP IN OP AMP OUT COMP OUT 

ts r----- VouT tJ ___ .;._ __ _ 

1 + 

I 
I S2 

I 
I 
I 
I 
I 
I 
L "?i- AG 

116 17 18 

VA Vx 

V2 

Vt 

S2 S4 

11 t2 

Vs -Vs RU- . PO/RU+ oc RR 

ttl t-1i·f-f1·r2
• 

... _ ..... __ ... _ __, POWER 

ANALOG GND GND 
DIGITAL 
GND 

~ T 

FIGURE 3. Ramp Unknown for Vx < 0 
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functional description (Continued) 

INITIALIZATION 

POLARITY~ DETERMINATION 

OFFSET 
CORRECTION 

OP 
AMP 
OUT 

DC 

PD/RU+ 

RU,-

RR 

IN/Olif 

EDC 

I 

OP AMP OUT COMP OUT 

r----....:. 
13 ______ _ 

I + 
I Vos1 

I 
I 
I 
I 
I 
I 
I 
L 

$1 

AG 

Caez 

$1~ w-t-11.·1:r1' R:_!· 
... ----1---' POWER 

ANALOG GND GND 
oumAL 
GND 

"::" 

*More accurately 

Vo= -Va'+ _2_(Jts+.:i.· VRdt+ft4 Vxdt)+li 
RC t4 tJ · 

Where 6 is the incremental voltage oVer:drive needed to fully switch the comparator 
and .6. is the sum of the additional ·time required to deveiop o and the comparator 
propagation delay. · 

FIGURE 4. Ramp Reference Circuit 

OFFSET 
CORRECTION 

STAND BY 

POLARITY 
DETERMINATION 

INITIALIZATION STAND BY 

f------ RAMP UNKNOWN Vx :::D----~-R:E~P , X;::. REF RAMP UNKNOWN V .,,. O=tAMP 

---------- -

END OF CONVERSION 

.. 
FIGURE 5. Timing Diagram 
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application hints 

Increasing the Input Impedance of the LF13300, 
MM5863 12-Bit A/D Converter 

The input impedance of the LF13300, MM5863 A/D 
converter can be increased 1 to 2 orders of magnitude 
over the typical 1000 M.\1 cited in the specifications by 
insuring that the signals that switch the LF13300 do not 
overlap. A circuit that eliminates switching overlap by 
introducing a Delay (tdl "' 3.3k x 100 pF "' 300 ns to 
the rising edge of the signals from the. MM5863A is 
shown in Figure 6. Figure 8 shows the operation of this 
circuit. The total delay time tr' of the output will be 
equal to the inherent gate rise time, tr, plus the RC 
delay, td. The fall time, tf will be the basic gate delay. 

Nulling the Residual Offset in the LF13300 

The residual offset of the LF 13300 is < 200 µV which 
is negligible for most applications. This can be reduced 
to < 40 µV by lowering the clock frequency from 
250 kHz to about 75 kHz. If a residual offset of 
< 40 µV is required, we may trim out the remainder 
as shown in Figure 9. This circuit applies a negative 
step to the Offset Correction capacitor, Coc2. by means 
of a variable capacitor which is adjusted until charge 
injection imbalance of the Offset Correction switches 
are cancelled. 

FROM 
MM58&J 

["MMmoal 

··~··· 
100pF I I 
*I I 

RU-~ 
~;RU-' 

"'''r' I TO LFTJJDD 

-=- I I 
PD/RU•~PD/PU<' 

,.,,,Tl I 

OFFSET 
CORRECTION 

SIGNAL 

-=- I I 
DC~ 
~;oc· 

"'''r L_.J 
-=- ' 

FIGURE 6. Overlap Elimination Circuit 

18 

17 

16 

15 

14 
LF13300 

.6 ,, 
12 

11 

coc2 

.,,~ 

toc1 -:
' µF 

LOWLEAl<AGE 
TANTALUM 

Cv 2 pf 20'~F VARIABLE CAPACITOR. 

FIGURE 8 

5.9 

Eliminating Errors Due to Power Supply Noise 

For many applications, power supply noise (f 2 10 Hz) 
causes errors which reduces the accuracy of the system. 
In most applications, noise can be adequately eliminated 
by putting a series resistor (100.\1) in the power supply 
line with a 10 µF tantalum capacitor connected at the 
power supply pins (Figure 8), The 10 µF capacitor is, 
in addition to the normal 0.1 µF ceramic disc capacitors, 
use.d as supply bypass capacitors. 

Errors caused by noise on the negative supply, -Vs, 
can b.e further reduced. by replacing, ,CQc3 with a 
10 µF low leakage tantalum capacitor. Since -VB is 
3V above -Vs, any noise appearing at -Vs appears at 
-Vs; the 10 µF capacitor eliminates the noise at -Vs. 

Miscellaneous 

Since none of the output pins of the LF 13300 employ 
short-circuit protection, extreme care should be taken 
when breadboarding or troubleshooting with the power 
"ON", 

A 

v,~Vo 

*' 
v,-----! 

--e -t/RC---+-

Ve----y'r 1'1'-----
------1-'d+~-!Jr----!"~-----

- f-·· I 
tr 1-- r - lf I--

lei~ RC 

FIGURE 7. Rise Time Oelay Circuit 

'" Vs0--'11..,.,.-++---"" v• 

LF13300 

" 
17 

" 
15 

14 

12 

11 

10 

CocJ ¥10µF 
FIGURE 9. Residual Offset Nulling Circuit 
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~ typical applications 
C") 

l:i: 
.,..J 

v• 4 
16 

VR = 10.000V VR 

17 
Vx Vx 

ANjlLOG 
18 

AG 
GND 

- 1M 15 BUF 
OUT 

14 OP AMP 
IN 

POL YPRDPYLENE { OP AMP 
CAPACITOR OUT 

0.1 µF 

coc2 

coc1 

Coc3 

VouTk 
OP AMP 

OUTPUT . 

-Vs 

COMPARATOR 
OUTPUT 

END OF 
CONVERSION 

SERIAL CLOCK 
INPUT 

SERIAL OUT 

:~Tu ?l 

svf 
ov 

5Vl 
ov 

v- 2 VGG 25 28 2 Vss 24 

PG COMP 
26 l'/S SAD 17 

COMP' POL/SER OUT 

22 
RU- RU 

21 
PD/RU+ PD/RU+ 

20 
DC DC 

LF13300 RR 
19 

RR MM5863 

18 
DG GNO 

-DIGITAL 
GND 

27 
CLK 

SCLK 

250 kHi SERIAL 
CLOCK CLOCK 

FIGURE 10. 12-Bit Plus Sign Serial Output A/D Using the LF13300 and the MM5863 
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TRI-STATE"" OUTPUT 
DATA 

DATA FROM PREVIOUS CONVERSION 
TRI-STATE __,., 

END OF 
CONVERSION 

(OUTPUT ENABLE) 

5Vn 
av ~~~~~~-~ ..... ~~~~~~~~~ ..... ~~-tu....__.., 

--l 1-- 5 CLOCK PERIODS 

sv~~~~.~~~~~~~~~~~~~~~~~~..., 

ov-1 " -L_., START CONVERSION 

I _ MAXIMUM OF 4864 CLOCK PERIODS TO I 
r-READ VALID OATA FROM PREVIOUS CONVERSION----------i 

FIGURE 11.12-Bit Plus Sign A/Din Intermittent Conversion Mode 

4-Channel Differential Multiplexer with Autozeroed 
I nstrumentatiOn Amplifier and 12-Bit A/D Converter 

Figure 12 shows a low speed, high accuracy, data acqui
sition unit where the analog input signal is acquired 
differentially and preconditioned through an LF352 
monolithic instrumentation amplifier. To eliminate 
amplifier offset errors, autozeroing circuitry is added 
around the LF352 and is timed through the MM5863 
and flip-flop C. Flip-flops A and B form a 2-bit up 
counter for channel select. 

The instrumentation amplifier is zeroed at power-up and 
after each conversion as shown in the timing diagram; 

5-11 

during this cycle the multiplexer is disabled. When the 
system does polarity detection and then A/D conver
sion, the LF352 is active and the multiplexer is enabled. 
The zeroing cycle for the LF13300 and the LF352 
lasts for 256 clock_ periods, so the maximum clock 
frequency will depend upon the required accuracy and 
the minimum zeroing time of the instrumentation 
amplifier. Notice he_re that the system accuracy will be 
less than 12 bits since it will be affected by the gain 
linearity of.the instrumentation amplifier. 

For more details concerning data acquisition, see 
AN-156 and LF11508, LF11509 data sheet. For details 
on the instrumentation amplifier, see LF352 data sheet. 
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typical applications (Continued) 

l!iV -15V 

10M ':'" * DIGITAL 
GND 

S1 

S2 

SJ 

S4 

s'1 
~;...::_,._:;<f"I 

I 
s2 

1k I 

s3 
I 
I -15V 

I 
I LF13333 

s4 1h 1• I I 
EN I I 

L 

10 11 
AO Al I I L -----

I I 
I L-
I 
L---

15V -15V -15V 5V ZERO PULSE 

27 

17 25 

Vx 3 26 
OVERRAN GE 

2.2 µF MSB 
22 

21 
0.1 µF* PD 

20 
LF13300 oc DIGITAL 

OUT 
':'" 19 

1M 
RR 

23 

LSB 

18 

* ANALOG 
GND 

10M 

5V 

20k 
0.1 µF 

d 
3 CLR 

CLK 

5V 

soo,FT 
10k 

0.01 µF 

AO 

5V 

14 

CLK 

1/2 MM74C74 

13 14 

1/2 MM74C74 

ii 
PS 

10 

5V 

20k 

TO.lµf 

Al 

*Low leakage mylar 
**Polypropylene fcLOCK MAX = 200 kHz 

FIGURE 12. 4-Channel Differential Multiplexer with Autozeroed lnst~umentation Amplifier and 12-Bit A/D Converter 

DC 

PD/RU+ 
4096 CP 

I I I· 
4096 CP 

·I 
RR n n n.. 

p~~:~-, n n r 
AO 

Al 

ENABLE _J 
Av 1s1-s;1 

u 
A_v 1s2-s21 

Li 
Ay (S3-SJ) 

L 
~~3~l -lo Vu Vo \ 

FIGURE 13. Timing Diagram for Figure 12 
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typical applications (Continued) 

LMJ29 

15V 

1N1004 

l!IOk 

100 

lOµF~O.lµf* 

TANTEAUM ~,,, 10 

0.1 µF* 

11 

0.1 µf* 
12 

-- VAEF 16 

14 

O.ot iiF** 

*Low leakage mylar 

**Polypropylene 

Note 1: All diodes, 1N914. 

15V 

15V 

15V 

0.1 µF 

T 
26 

22 

21 

LF13301J " 
19 

23 

13 

12 

MM74C926 

11 10 8 

Note 2: All resistors 1/4W, 5% tolerance. 

5.1 

TrnµF 

18 

28 

-= 
MM5863 

25 

5V 

NSB3881 DISPLAY 

MSD SSD TSU 

15 

Note 3: Circuit drawn for BV full scale operation input scaling· not shown. 

FIGURE 14. 3 3/4 and 3 1/2-Digit DPM Schematic Diagram 
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typical applications (Continued) 

3. 3/4-Digit (±8191 Counts)/3 1/2-Digit (±1999 Counts) 
DPM 

In this Circuit of Figure 14, the LF13300 and MM5863 
interact as previously described. The CMOS counter 
(MM74C926, MM74C928) is connected to count clock 
pulses during the ramp reference cycle of the LF 13300. 
The counts are latched into the di.Splay when the com
parator output trips, (goes low), as shown in the timing 
diagram Figure 15. 

The RC network consisting of Rl and Cl is a low pass 
filter that prohibits the fast transien'ts that occur on the 
comparator output during Offset Correction from 
loading any erroneous counts into the counter. 

0 P AMP 0 UTPUT 
PIN 13 (LF13300) 

RAMP UNKNOWN FOR VfN > 0 

COMP OUTPUT ~ 
PIN 3 (LF-13300) ~ 

The DPM is able to operate from a single 15V power 
supply with the aid of a de-de converter. The LM555 
generates the negative voltages required in the circuit 
and also doubles as the clock. The combination of 
01, R2, R3 and R4 forms a level shift to convert the 
output swing of the LM555 to a OV-5V swing that is 
compatible with the logic. The LM340-5 drops the 
incoming 15V to 5V for use by' the logic circuits and 
the LED display. 

This circuit can be a 3 3/4-digit DPM if the MM74C926 
is used or a 3 1 /2-digit DPM if the MM74C928. is used. 
These counters are pin compatible and physically i,nter
changeable. 

RR 

ILF1~~~:1 ________ __..---i .. __ - _____ ... n 
(OE) EOC n n 

PINS 3.23 (MM5863) -------------·------------

RESET 
PIN 13 v 

IMM74C926) 
y 

CLOCk ---------
PIN 12 llllUUllll 

(MM74C926) IIUUU1f 
MM5863 CLOCK 

LATCH ENABLE----------.. j DISPLAYS NO. OF CLOCK PULSES I r 
PIN 5 (MM74C926) L---...J COUNTED WHEN CLOCK WAS ~ 

ENABLEO 

FIGURE 15. Timing Diagram for 3 3(4-Digit DVM 

electrical characteristics 
3 3/4-dighs plus sign (±8191 counts) DPM system characteristics. 
(Circuit as in Figure 18, Vs= ±15V, VR = 4.096V, TA= 25°C, unless otherwise noted). 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution -8.2V <::; Vx <::; +8.2V 16,382 Counts 

Nonlinearity V1N = 4.000V ±1/8 ±1/2 Counts 

Ratiometric Gain Error V1N = 4.000V ±1/2 ±2 Counts 

Gain Error Drift V1N = 4.000V, 0°C :S; TA :S; +70°C ±1 ppmfC 

Zero Reading Drift V1N = OV ±1 ppmfC 

Analog Input Voltage Range ±11 ±12 v 
Reference Input Voltage Range Reference Varied 0 +12 v 
Analog Input Leakage Current VtN = OV 50 500 pA 

Reference Input Leakage Current 100 1000 pA 

Analog Input Resistance VtN = OV 1000 MQ 

Conversion Time V1N = 4.000V, fc = 125 kHz 74 ms 
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typical applications (Continued) 

Component Side FOil 

FIGURE 16. PC Board for 3 3/4 and 3 1/2-Digit DPM (Shown 1/2 Size) 

FIGURE 17. Stuffing Diagram for 3 3/4 and 3 1/2-Digit DPM (Shown 1/2 Size) 
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g typical applications (Continued) 
M 
[: 4 1(2-Digit (±19,999 Counts) DPM 
...I 

The following circuit ill.ustrates how a 4 1/2-digit DPM 
can be realized using the .LF13300 and the MM5330. 
The MM5330 is the display .and control for this inte
grating system. 

It contains the counters and latches together with a 
multiplexing system to provide 4 digits of display with 
one decoderfdriver. It also provides a sign bit .that is 
valid during overrange and a ten thousand count digit 
for a full display of ±19,999 counts. By eliminating 
the right-most digits it may also be used as a 2 1(2 or 
3 1/2-digit DPM. 

The LF13300 features automatic zeroing of all offset 
voltages in its integrator, comparator and buffer. ampli
fiers and, unlike i;onventional dual. slope techniques, 
provides an input impedance> 1000 Mrl. 

The waveform at the integrator output is shown in 
Figure 18. At the rising edge of the reset pulse the 
unknown input voltage is applied to the integrator for 
a reference period of 18,000 clock periods. After this 
reference period, the 4.0000V reference is applied to the 
integrator and the counter is started. The reference 
voltage is integrated until the comparator switches. 

At this point, the accumulated counts are transferred 
from the counters to the latches and zeroing begins 
until the next reset pulse. 

It may be obvious, however, that while we have 
~liminated several of the basic dual slope circuits 
disadvantages, we have created an.other-the number 
of counts are no. longer proportional to VIN but rather 
to (VMAx-V1Nl- In fact, when we· short V1N to ground 
we are actually measuring our own 2.2000 VMAX· 

What is done in the. MM5330 is to code convert the 
number of counts as shown in .the count .diagram. This 
'chart shows a code conversion starting at the time of a 
reset. The first 18,000 counts are the reference period 
after which time the i.ntegrator changes slope. If a com
parator crossing is detected within the next 2000 counts, 
a plus overrange condition will occur at the display. 
This condition results in a lit "+"sign, a lit "1" and 4 
blanked right-most digits. A transfer at 20,000, however, 
will create a reading of +1.9999, at 20,001 a reading of 
19.998 and so on, until at 39,999 a reading of +0000 
would be displayed. A transfer occuring at 40,000 
would cause a -0000 display and so. on until 60,000 
counts were entered, at which time a -1 with 4 blanked 
digits would be displayed, indicating a minus overrange 
condition. 

The display interface used is a TTL, 7-segment decoder/ 
driver and 4 2N4403 transistors.The ±1 digit is driven 
directly by ·TTL. The clock-synchronous reset and 
transfer functions prevent any cyclic digit variations 
and present a blink-free, flicker-free display. 

INDETERMINATE 
COMPARATOR 

OUTPUT -~ 

RESET 
PULSE 

VouT 

dVouT = 2.2 -4.D 

INTEGRATOR dVouT - 2·2 - Vx 
OUTPUT -d-t - ,- _R_C_ 

-Ve""'"-"""--/. 
'--' 
OFFSET 

CORRECT 

RAMP 
UNKNOWN 

dt RC 

Note. Here the LF13300 always ~perates as an autozeroed, high input impedance inve~ting integrator; 
bipolar input voltages are handled by offsetting the analog ground by 2.2V. 

FIGURE 18. Timing Diagram for 4 1/2-Digit DPM 
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typical applications (Continued) 

"'1" I 
OPTIONAL SWITCH I 

FOR ~~p~~~6R r 6 
VARIOUS RANGES j . .2CI VfS 

I 2Vf1 
1..._..:;_ 

COl'INECT TO GROUND 
FOR 2V FULL SCALE 

DECIMAL POllH (FIXED) 

1-----0IG!Tt----< 

DHllTA~ 
. GNO 

2.2V 

-t 
ANALOG 

GNO 

110V 
fiOHz 

NSB5917 Display (Front View) 

5V 

15V -15V 

NSS!i9t7 
DISPLAY 

v,. 
,--....._..., 

1. 
18 17 ":" 

LF13300 

l.Jk 

RA07-1SON 

0.04711-f 

T 
1 "::" 

OM1446 

Inverters~ MM74C14 Hex Schmitt Trigger (MOS) 

T0.047;,of 

4 "::" 

0.111 µf POLYPROPYLENE 

16 
5V 

0.04-7µF 

Two letters (AA, BB .. .l NAND gates~ MM74COO CMOS quad NAND gates 

One letter (A, B ... ) NAND gates~ DM7400 TTL quad NAND gates 

All resistors 1 /4W, 5% unless otherwise noted. 

All capacitor values ;n µF unless otherwise noted. 

IND!JCTIVE COMPONENTS U5X021 
MICROTRAN PCT6931 

TRANSFORMER 
STAVER V6 
HEAT SINK 

LM341J-5T t"--------+-Osv 
'---~--' TIOµF 

'¥10µf 

First letter code: (Second letter code) 
A-+·anode 
C ____..cathode 

MSD~ digit2 
SSD ~digit 3 
TSD ~digit 4 
LSD~ digit 5 

fi-l -,· ·I.!. . 
FIGURE 19. Schematic Diagram for 4 1/2-Digit DVM 
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typical applications (Continued) 

Component Side Foil 

Bottom Side Foil 

FIGUl'IE 20. PC Board for 4 1/2-Digit DVM (Shown 1/2 Size) 
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typical applications (Continued) 

.FIGURE 21. Stuffing Diagram for 41/2-Digit DVM (Shown 1/2 Size) 

ac test circuits (Continued) 

Test.Circuit 1 Test Circuit 2 
Analog Input Characteristics Test with RU - High Analog Input Characteristics ~est with PD/RU+ High 

r-------.. 1_s_.. 11 N 

S2 

r-t>C>-t~1~7 -+-11-N-c>Vx V50----

16 
NCO----

15 -15 
NC -VsO--+--f 

14 14 
5V 0--+--f 

13 13 
5VO----

7 12 12 

11 11 

LF13300 LF13300 

10 10 
-12V 1-o-e--o-12v 
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0 
0 ac test circuits (Continued) M 
M Test Circuit 3 Test Circuit 4 ... 
LL Reference Input Characteristic Test with RR High -VB Voltage Measurement Test 
..J 

17 -=-
Vs Vs 

16 
NC NC 

-Vs -Vs 
lf13300 15 

NC 

14 14 
lf13300 NC NC 

13 13 
NC NC 

12 12 
5V NC 

11 11 
5V NC 

10 10 
-12V -Ve 

-=- -=-
Test Circuit 5 Test Circuit 6 

Offset Correction Input Current,. lot Test Op Amp Slew Rate T~ 

17 -=- 5V:.rL 
Vs Vs -5V 

NC 
16 

NC 

15 
-Vs LF13300 NC -Vs 

5V Vour 

12 
20 pf 

LF13300 T 
11 

1oc 10 
-12V -12V 

-=- -=-
Test Circuit 7 Test Circuit 8 

Frequency Response Test Open Loop Gain Test 

18 

S4 
-=-17 10 

Vs Vs 
1M INPUT 

16 16 VJN 
NC NC NC NC 

15 
-Vs NC. -Vs 

14 
AvoL" 

13 
VouTX105 

5V 5V V1N 

12 Vaur Vaur 

LF13300 20 pf 

11 T 
10 10 -=--12V 

-12V 

-=- -=-
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ac test circuits (Continued) 

Vs<>--t---t 

NC~--r--

-Vs 0--+--4io! 

svu----

-

S1 

Vsn----

NC0-----4 

-Vs0--+--1 

LF1ll00 

svo----

Test Circuit 9 
Buffer Slew Rate Test 

SI 
18 

17 

16 

-
INPUT 

15 

14 
NC 

13 
NC -

LF13300 
12 

11 

10 
-12V 

Test Circuit 10 
Buffer Voltage Gain Titst 

18 

17 - TANTALUM 
VIN CAPACITORS 

20µF 
16 + H + 

20 µF 

H 
13 

NC' 

12 

-
11 

1ov=rl_ 
-10V 

~VouT 
20 pf 

100k 

15V 

Av"' 1 ~ 
VouT 

1000 V1N 10 
-12V 
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0 
0 M ac test circuits (Continued) 
(") 

li: 
.;.I 

COMPARATOR 3 
OUT 

4 
-Vs 0--+--1-,;..j 

2k 

sv o--•--1~;;.i6 

Test Circuit 11 
Comparator Response Time Test 

LF.13300 
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18 SYSTEM OFFSET 
ADJUSTMENT 

17 - 10k 

16 -NC 

NC 

100 

12 

11 
1---.. --n-12v 

10 10 

I _r- -12+100µV 
-i.::1=-12v 

--12-lOOµV 

1k 

V1N 

lOOmv--, r
-100 mV =a:::.i -



Analog to Digital (A/D) Converters 
For additional application information, se.e 
AN-155 at the end of this section. 

MM5330 4 1/2-digit panel meter logic block 

general description 

The MM5330 is a monolithic integrated circuit which 
provides the logic. circuitry to implement a 4-1/2 digit 
panel meter. The MM5330 utilizes P-channel low thres
hold enhancement mode devices and ion-implanted 
depletion mode devices. All inputs and outputs are TTL 
compatible with BCD output for direct interface with 
various display drivers. 

connection and block diagrams 

features 

• de. to 400 kHz operation 
• TTL compatible inputs and outputs 

• BCD output code 
• Overrange blanking 
• Valid sign bit during overrange 
• Standard supply voltages; +5, -15V 

Dual-In-Line Package 

SSD TSO LSD RESET TRANSFER CLOCK INT V00 

" " 14 13 12 11 ID • 

...., I-' 

rl h 

Order Number MM5330N 
See Package 19 

1 2 3 4 ' ' ) 8 

· MSD BCD BCD BCD SGN BCD 10k 
"1" "Z" ''4" "8" 

TOP VIEW 

INT 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

Vss + 0.3V to Vss - 25V 
0°C to +75°C 

--40°C to +125°C 
300°C 

TA within operating range, Vss = 4.75V to 5.25V, V00 = -16.5V to -13.5V unless otherwise specified. 

PARAMETER 1 CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (Vss) 

·Power Supply Voltage (V 0 0 ) 

Power Supply Current ( 188) 

Input Frequency 

Reset or Transfer Pulse Width 

No Load 

4.75 

-16.5 

de 

200 

5 5.25 

-15 -13.5 

30 

400 

v 
v 

mA 

kHz 

ns 

Input Voltage Levels 
Logic "1" 

Vss = 5V, V00 = -'15V 

Logic "O" 
Inputs Driven by TTL or Square Waves 
Inputs Driven by TTL or Square Waves 

3 
-15 

5 
0.8 

v 
v 

Clock Input Voltage Levels 
Logic ''.1" 
Logic "0'.' 

Driven by Sinewave 
Driven by Sinewave 

Vss+-0.3 
Vss-4.5 

v 
v 

Output Current Levels 
Digit Output State 

Logic "1" 

Vss = 5V, V00 = -15V 

Logic "O" 
V0 Forced To 4.75V 
V0 Forced To 4.5V 

All Other Outputs 
Logic "1" 
Logic "O" 

V0 Forced To 3V 
V0 Forced To 0.4V 

Delay From Digit Output to BCD Output 

FUNCTIONAL DESCRIPTION 

Counters: The MM5330 has four +10 counters, one 
+4 cou·nter, and one +2 for a count of 80,000 clock 
pulses. A ripple carry is provided and all counter flip-

. flops are synchronous with the negative transition of 
the input clock. The last flip-flop in the divider chain 
(+2 in the block diagram). triggers with the "O" to "1" 
transition cit the previous flip-flop. The count sequence 
is shown in the first co.lumn of the count diagram. 

Reset: All counter stages are reset to "O" and the I NT 
flip-flop (driving the INT output) is set to "1" on the 
first negative clock transition after a "0" is applied to 
the Reset input. The internal reset is removed on the 
first negative clock transition after the internal r11set 
has occured and a "1" has been applied to the Reset 
input. This timing provides an on-chip reset at least one 
clock cycle wide and a one cycle delay to remove reset 
before counting begins. 

Transfer: Data in the counters is transferred to the 
latches when the Transfer input is at "O." If the 
Transfer input is held low the state of the counters is 
continuously displayed (see count diagram). Data will 
cease to transfer to the latches on the first positive clock 

5-24 

100 
-5 

100 
-2 

0.1 

-20 

5 

µA 
mA 

µA 
mA 

transition after the first negative clock transition after a 
"1" is applied to the Transfer input. This provides a 
transfer puls~ at least one half clock cycle wide and a 
half clock cycle delay to remove the transfer signal 
before the counters change state . 

INT: The integrate output is used to set the charge time 
on a dual slope integrator. INT is "1" from reset to the 
18,000th clock pulse, then "O" until the next reset. The 
dual slope integrator is. the voltage monitoring part of 
the external circuitry needed for i DPM. It charges a 
capacitor at a rate proportional to the measured voltage 
while INT is "1," then discharges at a rate proportional 
to a fixed reference as shown in the duat sfope diagram. 
When. the output of the integrator reaches OV a pulse is 
generated and fed into the Transfer input of the chip. 
As the dual slope diagram indicates, the number in the 
latches is proportional to the rri!!asured voltage. 

Multiplexing: The modulo 4 multiplex counter is 
triggered by the. carry from the second decade counter, 
making the rnultiplex rate one hundredth the counting 
rate (4 kHz for a 400 kHz clock). The LSD, TSO, SSD 

·and MSD (least significant, third significant, second 
significant and most significant digits) outputs indicate 
by a low level which decade latch is displayed at the 
BCD outputs. 



FUNCTIONAL DESCRIPTION (Continued} 

Overrange Blanking and Sign: The data in the latch for 
the 72 counter is used to detect an out-of-range voltage. 
If this latch is "O" the BCD and 10k outputs are forced 
to all "1 's" and the SGN output is inverted. When the 
dat? in the overrange latch and the sign bit latch are "1" 
the sign bit generates the 9's complement of the decade 
latches and the complement of the 1 Ok latch at the 
respective outputs. When the overrange bit is "1" and 
the sign -bit is "O" true BCD of the decade latches and 
the uncomplemented 10k latch appear at the outputs. 

APPLICATIONS INFORMATION 

The MM5330 is the display and control for a modified 
dual slope system. It contains the counters and latches, 
together with a multiplexing system to provide 4 digits 
of display with one decoder driver. It also provides a 

count diagram 

BLANKING 
ZONE 

0 0 
0 0 
0 0 

0 0 
0 

0 
0 

0 
0 

INTERNAL STATES 

0 
0 
0 

0 

0 
0 
0 

• • • 9 
0 

• • 
• 

DECADE 
COUNTERS 

0 0 
0 0 
0 0 

9 9 
0 0 0 

7 9 9 9 
s o 'o 

sign· digit, either plus or minus, and a ten-thousand 
counts digit for full display of ±19999. By eliminating 
the right-most digits it may also be used as a 2-1 /2 or 
3-1 /2 digit DVM chip. 

The basic modified dual slope system for which the 
MM5330 is designed, is shown in Figure 1. The integrator 
is now used in a non-inverting mode and is biased to 
integrate negatively for all voltages below V MAX· Thus 
if the maximum positive voltage at V1N is 1.9999V., then 
VMAX would be set at 2.200V. In this way, all voltages 
measured are below V MAX. This eliminates the need for 
reference switching and provides automatic polarity with 
no additional components. Also, it can be shown that 
the amplifier input bias currents which cause errors in 
conventional dual slope systems are eliminated by merely 
zeroing the display. Thus low bias current op amps are 
not necessarily required unless a high input impedance is 
desired at VIN· 

OUTPUTS WITH TRANSFER LOW 

• • • 

• • • 

BCD 
DECADE 
OUTPUTS 

OUTPUT 
BLANKED 

• • • :J POSITIVE 
OVERRANGE 

• .• 
• 

COMPLEMENT 
OUTPUT 

INTERVAL 

0 
1 

0 
1 

9 9 9 
0 0 0 0 0 

• 
• • 0 9 9 9 
0 0 0 0 

• • • 

· POSITIVE 
VALUE 

0 

0 
0 

9 

• • 
• 

9 

1 0 0 
0 9 9 

• • • 

9 9 

0 
9 CONTINUOUS 

COUNT 

1 1 9 9 9 9 DISPLAY 0 0 0 0 0 0 

TRUE 
OUTPUT 

INTERVAL 

1 

BLANKING I 0 

ZONE 

l 

0 0 0 • 0 O O ZONE 

• • 
• 0 0 9 9 9 

0 0 0 0 0 

• • • 0 9 9 9 
0 0 0 

• • 
• 

9 
0 01 

J 

NEGATIVE 
VALUE 

NEGATIVE 
OVER RANGE 
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APPLICATIONS INFORMATION (Continued) 

Secondly, the use of a conventional op amp for a 
comparator allows zeroing of all voltage offsets in both 
the op amp and comparator. This .is achieved by zeroing 
the voltage on the capacitor through the use of the 
comparator as part of a negative feedback loop. During 
the zeroing period, the non-inverting input of the 
integrator is at V REF. As this voltage is within the active 
common-mode range of the integrator the loop will 
respond by placing the integrator and comparator in the 
active region. The voltage on the capacitor is no longer 
equal to zero, . but rather to a voltage which is the sum 
of both the op amp and comparator offset voltages. 
Because of the intrinsic nature of an integrator, this 
constant voltage remains throughout the integrating 
cycle and serves to eliminate even large offset voltages. 

The waveforms at the output of the integrator are as 
shown. The voltage at A is the comparator threshold just 
discussed. Simultaneously, with the opening of switch A, 
V1N is connected to the input of the integrator via 
switch B. The o.utput then slews to V1N. Integration then 
begins for the reference period, after which time. the 
reference voltage is again applied to the input. The 
output again slews the difference between VREF and 
V1N and integrates for the unknown period until the 
comparator threshold is crossed. At this. point, the 
accumulated counts are transferred from the counters 
to the latches and zeroing .begins until the next 
conversion interval. 

It may be obvious, however, that while we have 
eliminated several of the basic dual slope circuits 
disadvantages, we have created another-the number 
of counts are no longer proportional to VIN but rather 
to (VMAx-V 1N ). In fact, when we short V1N to ground 
we are actually measuring our own 2.2000 VMAX. 

What is done in the MM5330 is to code convert the 
number of counts as shown in the count diagram. This 
chart shows a code conversion starting at .the time of a 
reset. The first 18,000 counts are the reference period 
after which time the integrator changes slope. If a com-

dual slope diagram 

BLANKING ZONE l I P 
. 18,000~I 1 POSITIVE OVERRANGE 

DURING INTEGRATION Ir:- OSlTIVE VALUES 
I I 

parator crossing is detected within the next 2000 
counts, a plus overrange condition will occur at the 
display. This condition results in a lit"+" sign, a lit "1" 
and four blanked. rightmost digits. A transfer at 20,000 
however, will create a reading of +1.9999, at 20,001 a 
reading of 19.998 and so on, until at 39,999. a reading 
of +0000 would be displayed. A transfer occuring at 
40,000 w9uld cause a ---QOOO display and so on unt.il' 
60,000 counts were entered at which time a -1 with 
four blanked digits would be displayed indicating a 
minus overrange condition. 

A typical circuit for a low cost 4 l/2 digit DPM is 
shown in Figure 4. The display interface used is a TTL, 
7-segment decoder driver and four P-type transistors. 
The ±1 digit ,is driven directly by CMOS. The clock
synchronous reset and transfer functions prevent any 
cyclic digit variations and present a blink-free, flicker
free display. CMOS analog switches are used as reference, 
zero, and input switches and used also in the comparator 
slew rate circuit. 

A problem with all dual slope systems occurs when short 
integrating times and high clock frequencies are used. 
Because of the very slow rise time of the ramp into the 
comparator, the output of th.e comparator will normally 
ramp at approximately 1 /10 of its actual slew rate. 
Thus, a significant number of extra counts are displayed 
due to the slow rate of rise of the comparator. A 
technique to improve this consists of capacitor C8 .and 
analog switch four. An unstable positive loop is created 
by this capacitor when the comparator comes out of 
saturation. This causes the output to rise at its slew rate 
to the comparator threshold. As soon as this threshold 
is reached the analog switch opens and zeroing is initiated 
as previously discussed. 

A simplified approach to performing the modified dual 
slope function combines the MM5330 and the LF11300 
dual slope analog block as in Figure 3. The LF11300 
provides the front analog circuitry required. This 
includes a FET input amplifier, analog switches, inte
grator and comparator. The LF11300 provides auto 
zero, > 1000 M!1 input impedance, and a ±10V analog 
range, 

NEGATIVE VALUES 

Vx is the analog voltage 
to be converted. 

I 
I NEGATIVE 
: OVEARANGE 



•5V 

D-199.99kil 
TERMINALS 

NSN7J 

+.VMA.X 
22DDV 

COMPARATOR 
THRESHOLU 

v,. 

TRANSFER 

FIGURE 1. Modified Dual Slope 

Z.2DOV 

18.0DOV 

RESET 

TRANS 

'15V 

LHOD70 

5.5V 

100pf 

!Ok 
..----"Wv----0 •5V 

4.7M 

\,.__J--t-~'"""-f100~ 
~1µFd 

100.1! 

DM7446 

FIGURE 2. Typical Application low Cost 4 1/2 Digit Volt.Ohm Meter 
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typical applications (Continued) 

15V 

·III: 
·Ill 

' 
(Second 1.nter code) 

z.zv 

119V 
&Otiz 

J. I Cl 1:1 B l:J 
I I. 1::1. 1::1. I . [J. 

" ~~2oa~~!H~5:!~a~~H!!!Y53 

,__---DIGIT 1-----+i 

NSB5917 Display (Front Viewl 

" 

5V 

" 

NSB!i917 
DISPLAY 

" 

7' 10 

15V -15V 

0.047µF 

" 
DM74C6 

Inverters-+ MM74C14 Hex Schmitt Trigger (MOS) 

O.lllµFPOLYSTYRENE 

5V 

0.041µf 

Two letters (AA, BB .. .) NANO gates-+ MM74COO CMOS quad NANO gates 
One letter (A, B ... ) NANO gates-+ DM7400 TTL quad NANO gates 
.+-analog ground 

- digital ground 
All resistors 1 /4W, 5% unless otherwise noted. 
All capacitor values in µF unless otherwise noted. 

INDUCTIVE COMPONENTS 
U5X02t Ml-CR07RAN 

PCTi9l1 TRANSFORMER 
l.SV 

STAVERV6 
HEATSlllK 

LMJ40·5t + 5V 
10µF 

~ 

--------.-o-isv 

First letter code: 
A-+anode 
C-+ cathode 

MSD -+digit 2 
SSD -+ digit 3 
TSO-+ digit 4 
LSD -+ digit 5 

FIGURE 3. 4 1/2-Digit DVM 
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timing diagrams 

COMPARATOR 
OUTPUT 

RESET 
PULSE 

4 1 /2-Digit DPM 

VouT 

INTEGRATOR 
OUTPUT 

dt 

dVouT = 2.2 - Vx 

dt RC 

-VB --"""--T
~ 

OFFSET 
CORRECT 

RAMP 
UNKNOWN 

RC 

Note. Here the LF13300 always operates 
as an autozeroed, high input impedance 
inverting integrator; bipolar input volt
ages are ha~dled by offsetting the analog 
ground by 2.2V. 
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Analog to Digital (A/D) Converters 

MM5863 12-bit binary A/D building block 

general description 

The MM5863 is the digital controller for the LF13300D* 
analog building block. Together they form an integrating 
12-bit A/D converter. The MM5863 provides all the 
necessary control functions, plus features like auto' 
zeroing, polarity and overrange indication, as well as 
continuous conversion. The 12-bit plus sign parallel and 
serial outputs are TRI-STATE® TTL level compatible. 
The device also includes output latches to simplify 
data bus interfacing. 

*see LF133000 data sheet for more information 

connection diagram 

features 

• 12-bit binary output 

• Parallel or serial output 

• Parallel TRI-STATE output 

• Polarity indication 

• Overrange indication 

• Continuous conversion capability 

• 100% overrange capability 

• 5V, -15V power requirements 

• TTL compatible 

• Clock frequency to 500 kHz 

Dual-I n:Line Package 

(SCLK) SERIAL CLOCK 
28 (PIS) PARALLEL/SERIAL 

SELECT 

(SC) START CONVERSION 
2 27 

(CLK) INPUT CLOCK 

(OE) OUTPUT ENABLE 
26 (PD) POLARITY 

DETECT 
(LSB) LEAST 2-12 4 25 v 

SIGNIFICANT BIT GG 

2-11 5 24 Vss 

2-10 6 23 (EOC) ENO OF 
CONVERSION 

2-9 22 (RN) RAMP NEGATIVE 

z--8 
21 

(RP) RAMP POSITIVE 

PARALLEL DATA z-7 9 20 (OC) OFFSET 
OUTPUT LINES CORRECTION 

z-& 
10 19 

(RR) REFERENCE RAMP 

2-S 11 18 
GND 

2-4 
12 17 (POL/SOO) POLARITY /SERIAL 

DATA OUTPUT 

z-3 
13 16 

(OR) OVERRANGE 

z--2 14 15 z--l (MSB) MOST 
SIGNIFICANTBIT 

TOP VIEW 
Order Number MM5863N 

See Package 23 
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absolute maximum ratings 

Supply Voltage (Vss) 
Supply Voltage (VGG) 
Voltage at Any Input 
Operating Temperature 
Storage Temperature 
Clock Frequency 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

5.25V 
-16.5V 

5.25V 
0°C to +70°C 

-40°C to +150°C 
. 500 kHz 

300°C 

Vss = 5V, VGG = -15V, 0°C to +70°C, unless otherwise specified. 

PARAMETER 

Power Supply Voltage (Vssl 

Power Supply Voltage (VGGl 

Power Supply Current (lssl 

Power Supply Current (IGG) 

Logic "1" Input Voltage 

Logic "O" Input Voltage 

Logic "1" Output Voltage 

Logic "O" Output Voltage 

Width of EOC 

Prop. Delay PD to EOC 

Output Enable Time 

Output Disable Time 

Output Enable Time 

Output Disable Time 

Output Enable Time 

Output Disable Time 

Prop. Delay Serial Clock 

Conversion Time 

Conversion Time 

CONDITIONS 

Vss = 4.75, loH = 100 µA 

Vss = 5.25, IOL = -1.6 mA 

Auto Cyde 

OE to Any Data Output, 

SC=1,P/S=O 

OE to Any Data Output, 

SC= 1, P/S = 0 

P/S to Any Data Output 

Except Polarity, SC = 1 , 

OE= 0 

P/S fo Any Data Oufput 

Except Polarity, SC = 1, 

OE= 0 

SC to Any Data Output, 

OE= 0, P/S = 0 

SC to Any Data Output, 

OE= 0, P/S = 0 

SCLK to POL/SDO 

Full Scale 

100% Overrange 

5·31 

MIN TVP 

4.75 5.00 

-13.5 -15.00 

3.4 

3.8 

5/f 

4/f 

MAX 

5.25 

-16.5 

28 

34 

0.8 

0.4 

5/f+1 µs 

1.0 

2.4 

0.9 

2.2 

1.0 

2A 

0.6 

8966/f 
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UNITS 

v 
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mA 

mA 
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v 
v 
v 
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µs 

µs 

µs 

µs 

µs 

µs 

µs 
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Sec 
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functional ·description 

OPERATION 

The MM5863 is designed for use with the LF 13300 
analog front end. Four control signals are supplied to 
the LF13300 and 1 control signal is required from the 
LF13300. The conversion cycle is composed of 5 
distinct phases. They are: Phase I - Offset Correct; 
Phase 11 - Polarity Detect; Phase 111 - Offset Correct; 
Phase IV ~ Ramp Unknown; Phase V- Ramp Reference. 

Phase I - Offset Correct (256 Clock Periods) 

This phase is initiated by taking the Start Conversion 
(SC) and the Output Enable (OE) lines to a logic "1 ". 
At this time, Offset Correct (OC) will be a logic "1 ". 
The LF13300 requires this phase to correct any intrinsic 
offset voltage errors prior to the polarity detect phase. 

Phase II - Polarity Detect (256 Clock Periods) 

This phase is used to determine polarity of the analog 
input. At the midpoint of this phase, PD from the 
LF13300 is examined for polarity. If PD= logic "1", 
then•the input voltage is positive. If PD= logic "O", then 
the input is negative. The Ramp Positive signal (RP) 
will be a logic "1 ",and Offset Correct will be logic "O" 
for the entire phase of 256 clock periods. The above 
operation is also necessary to de.termine which integrator 
input (positive or negative) of the LF13300 should be 
used for proper A/D conversion (see LF 13300 data 
sheet). 

Phase 111 - Offset Correct (256 Clock Periods) 

This phase is identical to Phase I and is used by the 
LF 13300 to eliminatff any offsets induced as a result of 
the Polarity Detect Phase. Offset Correct (OC) will be at 
a logic "1". 

Phase IV - Ram·p Unknown (4096 Clock Periods) 

The unknolivn input voltage is integrated for a fixed 
time during this phase. The result of the Phase 11 
Polarity Detect Cycle determines whether RP or RN 
will be at logic "1". If Phase II indicates a posltive input, 
the RP signal will be a logic "1 ". If phase 11 indicates a 
negative input, Ramp Negat!ve (RN) will be a logic 

truth table 

INPUT SC OE PIS LSB 

100% Full Scale 1 0 0 1 1 1 1 

Full Scale 

Zero 

Zero 

-Full Scale 

-100% Full Scale 

Any 

Any 

Any 

1 =High 

O= Low 

1 

1 

1 

1 

1 

1 

1 

0 

Z = High Impedance 

X = Don't Care 

0 0 

0 0 

0 0 

0 0 

0 0 

1 x 
0 1 

x x 

1 1 1 1 

0 0 0 0 

0 0 0 0 

1 1 1 1 

1 1 1 1 

z z z z 
z z z z 
z z z z, 

1 

1 

0 

0 

1 

1 

z 
z 
z 
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"1 ". These 2 signals will never be at logic "1" simul
taneously. 

Phase V - Ramp Reference 

This phase is a variable length phase depending on the 
magnitude of the analog input voltage. During this time, 
Ramp Reference (RR) will be in the logic "1" state. 
When PD goes to a logic "O" state, or when the internal 
counter reaches 100% of full scale (8192 clock periods), 
the Ramp Reference (RR) signal goes to the logic "O" 
state, the counter output is loaded into the output 
register, and the End of Conversion, (EOG) signal goes 
to a logic "1 ". The Polarity Bit will reflect whatever 
val.ue was determined during Phase II. The. output 
register will hold the data until a new conversion is 
completed and new data is loaded into the register. 
The OE line must be low in the logic "O" state and SC 
must be high in the logic "1" state to enable the outputs. 

DATA OUTPUTS 

Both serial and parallel outputs are availab.le. In either 
case, OE must be low and SC must be high to enable 
the outputs. For parallel output, th.e P/S line must be 
low in· the logic "O" state. For serial outputs, the P/S 
line must be high. In the serial mode, the data is shifted 
out of the Polarity/Serial Output POL/SDO line and all 
other data outputs are in the high impedance state. 
Each Serial Clock (SCLK) will right shift the output 
register one bit. Thus, 13 clock pulses are required to 
fully shift out the data. The data will be shifted out in 
the following order: Polarity, Overrange, MSB, 2SB, 
3SB, .... LSB. If OE and P/S are in the logic "O" state 
and SC in the logic "1" state, all outputs will momen
tarily go to the logic "1" state for 1 clock period 
immediately preceding EOG: 

CONTINUOUS C01'1VERT MODE 

In this mode, the End of Conversion (EOG) output is 
connected to the OE input. As long as SC is in the 
logic "1" state, then each EOC will initiate a new con
version. The data outputs will be disabled for the first 
5 clock cycles after EOG goes high. 

MSB OVER-
POLARITY 

RANGE 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 0 1 

0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0. 0 0 

1 1 1 1 1 1 1 0 0 

1 1 1 1 1 1 1 1 0 

z z z z z z z z z 
z z z z z z z z Serial Output 

z z z z z z z ,Z z 
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timing diagrams 
The following timing diagrams are shown for the MM5863 connected in the auto-cycle mode. 

Positive Input 

I 

PHASE I PHASE II PHASE 111 

I 
PHASE IV I PHASE v I OFFSET POLARITY OFFSET RAMP RAMP 

CORRECT DETECT CORRECT UNKNOWN REFERENCE 

I 1/f I 
CLK nJ"1.S"." 

SC 

DC 256 x 1/f 256 x 111 r-
RP 256 x 1/1 4096 x 1/f 

RR ,;8192 x 1/f L_ 

PD 

EDC IOE) '5iil '5ilL 
OUTPUT >r< DATA FROM PREVIOUS CONVERSION >-C DATA 

L TRI-STATE'"' 

Negati\le Input 

OFFSET CORR 256 x 111 256 x 1/f r-
RP 256 x 1/f 

RN 4096 x 1/f 

RR I ,;8192X1/f L_ 
PD 

EOC {OE) Giil Jsiil_ 

Serial Output 

EOC {OE) 

SCLK 

POL/SOD 

I 
I 
I 
I 
I 

P/S_j 
SERIAL OUTPUT 

I 
SC 
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timing diagrams (Continued) 

block diagram 

V1N CLOCK 
GENERATOR 

Output Enable/Disable Time 

OE OR PIS 

DATA OUTPUT 

DISABLE 
DELAY 

SCLK 

POL/SOD 

s.c 

DATA 

ENABLE~ 
DELAY 

Serial Clock Delay 

Output Enable/Disable Time 

4.0 

0.4 
50% 

Digital Control Integrated Circuit 

ENABLE 
DELAY 

TRI-STATE® 

DISABLE 
DELAY 

I + [ J 

~ 
OVERRANGE t-+1 

LcLKI 

DETECTOR 

...... 
13-BIT I-' 

COUNTER 

r+' 
, 

OUTPUT H 
LATCHES H 

SERIAL CLOCK 
,.. 

BIPOLAR ANALOG (SCLK) TRl-sTATE® 
INTEGRATED CIRCUIT j BUFFERS 
LF1JJOO CONTAINING 

OP AMP, SWITCHES, POLARITY 1 COMPARATOR ANO DETECT (PD) 
RELATED CIRCUITRY 

POLARITY 
~ l LATCH 

_t 
A. 

I< 4 LINES 
SWITCH CONTROL 

LOGIC .. 
·START CONV. (SC) 

i ...... 
TRl-sTATE 

OUTPUT ENABLE (OE) ENABLE 
PARALLEL/SERIAL (PIS) ...... 
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typical applications 
3 3/4~3 1 /2-Digit DPM 

5.1 

l5V 

15V 

tN1004 

100 
15V 

TTOµF 

Z.ZµF 

""'E .. 
26 

15V 
0.1 µF 

11 22 " 
0.1 µF 

12 " 28 

4.096V - VREF 16 20 
LM329 LF1130Cl MM5B63 

-= *0.lµF 
19 25 

100k 

-= 14 23 

27 17 

!Vx 

MSO 

12 

MM74C926 

':' 11 10 B 

Note 1: All diodes, 1 N914. 
Note 2: All resistors 1/4W, 5% tolerance. 
Note 3: Circuit drawn for 8V full scale operation 'input scaling ~ot shown. 
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Analog to Digital (A/0) Converters 

DIGITAL VOLTMETERS AND THE MM5330 

INTRODUCTION 

The first of what could be called the modern digital 
voltmeter began to appear in the early sixties. Prior to 
that time a few laboratory types were available, but 
they were plagued by inaccuracy, temperature drifts, 

· and other problems inherent in vacuum tube technology. 

One of the first successful, relatively low cost DMVS 
was a gated voltage-controlled oscillator configuration. 
The components of this technique consist of a high 
gain amplifier, a de-to-frequency converter, and a. linear, 
accurate frequency to-de-converter developed from the 
reference voltage, which supplies the summing voltage 
at the input node. The amplifiers used were of_ the 
chopper stabilized type, that is, the error voltage is 
chopped to from an ac component which is amplified 
by ac coupled amplifiers then reconverted. to de. The 
choppers were made with light sensitive resistors, neon 
bulbs and light pipes. 

They were built as the only method possible to avoid 
the drifts and offsets which were unavoidable in early 
transistor technology. Obviously the . low current op 
amps so readily available today, are a significant advan
tange over these old systems. 

The gate voltage was developed from the 60 Hz line. A 
problem which occurs when the gate is asynchronous 
with the frequency fed to the display counter, is also 
shown in Figure 1. A beat frequency effect is developed 
between the gate and the de to frequency converter and 
produces a cyclic one digit error. These early voltmeters 
allowed this phenomenon to occur, today cyclic display 
errors are unacceptable. 

A second display characteristic of these early voltmeters, 
was to use the ripple counters as the display storage, 
that is, the rippled counts would move through the 
display until the gate closed and the final value would be 
displayed. This was done primarily because of the number 
of discrete devices required to perform counting and 
latching. With the coming of integrated circuits, displays 
were improved, latches were. employed, and blink-free 
displays were adopted. 

6 COUNTS 

ac TO 
FAEO. 

FREll. TO 
DC 

.JJJ1 I I I I 1l!J_ 

Polarity selection was made by a front panel switch 
which internally rearranged references and other cir
cuitry. 

An example of today's use of the VCO technique. is 
shown in Figure 2. This is a low cost digital thermometer, 
which, while not a DVM, still employs the basic com
ponents of the voltage-controlled oscillator system. 
These are the high gain amplifiers contained in the 
LM5700, the de-to-frequency converter consisting of the 
transistor source and LM555 timer, and the frequency
to-dc converter consisting of the CMOS inverters and 
reference voltage. This brings up a characteristic of 
CMOS most useful in DVM's and other analog-to
digital converters, the ability to switch directly to the 
'supply and ground without offsets. In this case the 
fixed width negative-going pulses, when filtered, produce 
a feedback voltag~ directly proportional to the number 
of pulses-frequency-to"dc conversion. 

The early counter storage display system previously 
mentioned, i.s shown in Figure 3. Because the best 
display available was the gaseous tube, no attempt was 
made to blank displays during the counting period. 
When the gate dosed, the counters had reached a 
certain count and these counts were displayed. 

After the development of the integrated circuit, displays 
took on a configuration as in Figure 4. Between the 
counters and display, latches were placed to display 
previous data while new counts were·accumulated. The 
cost and pack count of this scheme made another 
display technique popular, that of multiplexing. 

Briefly, this technique consists of connecting, sequen
tially, each of the latches to a single decoder driver 
which drove the display digit which corresponded to 
that latch. When sequenced at a 50 Hz rate or greater, a 
flickedree display results. For this type of display 
system, TRI-STATE® counter-latches were developed 
(Figure 5). This technique is still used today in many 
DVM's. 

GATE 
SIGNAL 

5 COUNTS 

TO DISPLAY 
COUNTERS 

JJ11111l!.-
FIGURE 1. Basic VCO Scheme 
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GATE 

1,.--r-.... 
GA.TE-.....,c__~ 

LM555 

VREF 

r,~ 
GND 

FIGURE 2. Typical VCO Circuit 

FIGURE 3. Early Display Configuration 

FIGURE 4. Integrated Circuit Display 
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TE® TRI-STA 
I NPUT 
r--

COUNTER 

LATCH 

l l 
L _l_ 

L 

~ 
DISPLAY 

I-- COUNTER 

,...- LATCH 

II 
.1 

~ 
DISPLAY 

COUNTER 1----1 COUNTER 

r-- LATCH r--1 LATCH 

I I J J .1 

I 

I 
OECODER 
DRIVER 

~ ~ 
Dl_SPLAY DISPLAY 

j_ l 
MULTIPLEX 
CONTROL 

FIGURE 5. Multiplexed Display 

While multiplexing cuts display costs considerably, the 
series connection of counters required to accumulate the 
counts proportional' to voltage, could not be multi
plexed to do the very nature of VCO or dual slope 
voltmeter schemes. 

The recirculating remainder circuitry to be discussed 
next is unique in that the data is both derived and 
displayed on multiplexect that is sequential digit basis 
(as seen in Figure 6.) 

The technique used in the recirculating remainder 
circuit is to subtract digit valued voltage steps from the 
input ~oltage, until ten times the difference betw_een 
these two voltages is less than ten times the digit valued 
steps. The number of voltage steps required is the 
display data and the. ten times the difference voltage 
becomes the new voltage input for the next digit 
conversion. An example is shown in Figure 7. 

An analog input of 6.903V is applied to the [ (V1N

VsTEP) x 10] amplifier. The 712 and decade counters 
are clocked simultaneously until a (difference x 10) less 
than V REF is. detected- by the comparator. At this time, 
the decade counter stops counting. In this example, the 
decade counter ceases counting qn a six during the digit 
one period, thus a six is latched in the display. When the 
digit period ends, both counters are reset and the 
(difference x 10) voltage is recirculated via the CMOS 
switch and sample and hold capacitor to become the 
digit two input voltage (9.03V). The process is then 
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repeated for the next digit. At a repetition rate of 50 Hz 
or greater, this produces a flicker-free, blink-free display. 
As such the recirculating remainder system has but one 
counter, one latch, and one decoder driver for as many 
digits as are desired. Once again CMOS is used for its 
capability to swing directly to the supply rail and con
trols the R-2R ladder directly from the reference voltage. 

Some disadvantages of the system are the difficulties in 
reading voltages of both polarities and an unusual sort 
of error characteristic when slight ladder or reference 
drifts occur. While both VCO and dual slope techniques 
have gradual slope or linearity errors, the recirculating 
rem_ainder errors are step-like in response to gradual input 
voltage changes. Lastly, the update rate is fixed by 
display flicker requirements and thus measurements of 
noisy voltages cause an annoying inability to read the 
last digits. It was however, an accurate low-cost technique 
used successfully in pre-LSI digital voltmeters. 

The most widely used system for analog-to-digital 
·conversion is the dual slope circuit. The basic dual slope 
system -appears in Figure 8. Assuming the integrator 
output at zero when V x is applied, the integrator 
begins to ramp with an output voltage V = Ix t!C 
where Ix = -V xfR. Simultaneously with the beginning 
of this ramping, counts from an oscillator are fed into 
the display counters. At some fixed time, usually 
counter -overflow, V x would be disconnected and the 
reference voltage connected to the resistor. The integra
tor now ramps at V = IREF t/C where IREF = VREF/R. 
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FIGURE 6. Basic Recirculating Remainder System 
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DIGITJ OIGIT4 

DISPLAY DISPLAY 
DIGIT2 DIGIT3 

SWITCHES SWITCHES 
B&D A &C 
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Example: (Voltage in 6.903V) 

6.903 

-il.000 6 1.000V steps:...display 6 
0.903 x 10 = 9.03 

9.030 
--9.000 

0.03 " 10 0.3 

0.300 

9 1.000V steps-display 9 

--{].000 0 1.000V steps-display 0 

0.3 x 10 -~ 3 

3.000 
-3.000 3 1.000V steps-display 3 

FIGURE 7. Recirculating Remainder Waveforms 
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••• VxTREF "'VREFTx 

FIGURE 8. Basic Dual Slope 

When the integrator crosses the comparator threshold, 
the counters are latched to the. number of counts 
accumulated from T to Tx. Clearly the voltage at TREF 
was Ix T REF /C and the voltage integrated from T RE.F 
to T x was -1 REF T xlC and these two voltages are 
equal. Therefore, 

Ix T REF 

c c 
or 

Thus, the number of counts accumulated in the display 
from TR EF to T x is proportional to the unknown 
voltage. Thus, the basic dual slope system has no gate, 
and requires stability of the R, C and count frequency 
only over one conversion period. 

The technique for insuring that the ramp begins at zero 
on each conversion cycle, is to short the capacitor with 
a switch after each conversion is made. This, of course, 
forces the integrator output to zero. until the next 
conversion period begins. It is also necessary to start 
each conversion cycle synchronously with the counter 
input frequency, or cyclic display errors like that of 
the gated VCO will appear in the display. 

To measure. both polarities in conventional dual slope 
systems, VREF must ·change in polarity. A problem 
which can occur is that bias currents which will add to 
the slope in one polarity, will subtract from the slope in 
the other. The usual solution, is to use op amps of very 
low input bias current. Also offset voltages in either the 
op amps or comparator can cause significant error 
unless carefully controlled. 

Hence, while conventional dual slope has many advan· 
tages, its use requires con.siderable care in op amp, and 
comparator selection. Also, the measurement of either 
polarity requires two reference voltages which are, in 
accurate systems, quite expensive. 
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The MM5330 is the display and control. for .a modified 
dual slope system. It contains, as shown in Figure 9, the 
counters and latches, together with a multiplexing 
system to provide four digits of display with one 
decoder driver. It also provides a sign digit, either plus 
or minus, and a ten-thousand counts digit for a f1,1ll 
display of ±19999. By eliminating the right-most digits 
it rnay also be used as a 2 1 /2 or 3 1 /2 digit DVM chip. 

The basic modified dual slope system for which the 
MM5330 is designed, is shown in Figure 10. The 
integrator is now used in a non-inverting mode and is 
biased to integrate negatively for all voltages below 
V MAX,· Thus, if the maximum positive voltage at VIN 
is 1.9999V, the V MAX would be set at 2.2000V. In this 
way, all voltages measured are below VMAX· This 
eliminates the need for reference switching and makes 
the system automatic polarity, with no additional com· 
ponents. Also, it can be shown that the amplifier input 
bias currents which cause the aforementioned errors in 
conventional dual slope systems, are eliminated by 
merely zeroing the display. Thus, low bias current op 
amps are not necessarily required unless a high input 
impedance is desired at V1N. 

Secondly, the use of a conventional op amp for a 
comparator, allows zeroing of all voltage offsets in both 
the op amp and comparator. This is achieved by zeroing 
the voltage on the capacitor through the use of the 
comparator as part of a negative feedback loop. During 
the zeroing period, the non-inverting input of the 
integrator is at VREF. As this voltage is within the active 
common-mode range of the integrator the loop will 
respond by placing the integrator and comparator in the 
active region. The voltage on the capacitor is no longer 
equal to zero, but rather to a voltage which is the sum 
of both the op amp and ·comparator offset voltages. 
Because of the intrinsic nature of an integrator, this 
constant voltage remains throughout the integrating 
cycle and serves to eliminate even large offset voltages. 
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The waveforms at the output of the integrator are as 
shown. The voltage· at A is the comparator threshold 
just discussed. Simultaneously, with the opening of 
switch A, VIN is connected to the input of the inte· 
grator via switch B . .The output then slews to ViN· lnte· 
gration then begins for the reference period, after which 
time, the reference voltage is again applied to the input. 
The output again slews the difference between VREF 
and VIN then integrates for the unknown period until 
the. comparator threshold is crossed. At this point, the 
accumulated counts are transferred from the counters 
to the latches and zeroing begins until the next conver
sion interval. 

It may be obvious, however, that while we have eliminated 
several of the basic dual slope circuits disadvantages, we 
have created another-the number of counts are no 
longer proportional to V1N but rather to (VMAX-V1N)· 
In fact, when we short V1N to ground we are actually 
measuring our own 2.2000V V MAX. 

What is done in the MM5330 is to code convert the 
number of counts. as shown in Figure 11. This chart 
shows a code conversion starting at the time of a reset. 
The first 18,000 counts are the reference period after 
which time the integrator changes slope. If a comparator 
crossing is detected within the next 2000 counts, a plus 
overrange condition will occur at the display. This 
condition results in a lit plus sign, a lit one and four 
blanked right·most digits. A transfer at 20,000, however, 
will create a reading of +1.9999, at 20,001 a reading of 
19,998 and so on, until at 40,000 a reading of +0000 
would be displayed. A transfer occuring at 40,001 
would. cause a -0001 display and so on until· 60,000 
counts were entered at which time a -1 with four 
blanked zeros would be displayed indicating a minus 
overrange condition. 

COUNTS AFTER 

RESET 

0 

18,000 

19,999 

20,000 
20,001 

40,000 

40,001 

59,999 
60,000 

A typical circuit for a low cost 4 1 /2 digit circuit is 
shown in Figure 12. The display interface used is a TTL, 
seven-segment decoder driver and four PNP transistors.· 
The ±1 digit is driven directly by .CMOS. The clock· 
synchronous reset and transfer functions prevent any 
cyclic digit variations and present a blink-free flicker-free 
displ~y. CMOS analog switches are used as reference, 
zero, and. input switches and used also in a comparator 
slew rate circuit. 

A problem with all dual slope systems occurs when short 
integrating times and high clock frequencies are used. 
Because of the very slow rise time of the ramp into the 
comparator, the output of the comparator will normally 
ramp at approximately 1/10 of its actual slew rate. Thus 
a significant number of extra counts are displayed due 
to the slow rate of rise of the comparator. A technique 
to improve this consists of capacitor Cs and analog 
switch section four. An unstable positive loop is created 
by this capacitor when the comparator comes out of 
saturation. This causes the output to rise at its slew rate 
to the comparator threshold. As soon as this threshold is 
reached the analog switch opens and zeroing is initiated 
as previously discussed. 

The rapid improvement in display and LSI technology 
has allowed considerable improvement in digital volt· 
meters. The modified dual slope technique together 
with the simplified display interface of the MM5330 are 
felt to be a much improved technique when compared 
to circuits of just a short time ago. While DVM chips do 
not by themselves solve all inherent problems, their 
careful use allows low cost, high accuracy units, with 
excellent display characteristics. 

DISPLAY· 

+1- ... 

+1· ... 

+19999 
+19998 

+ 0000 

- 0001 

-19999 
-1···· 

FIGURE 11. Code Conversion Table MM5330 
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Analog to Digital (A/D) Converters 

SPECIFYING A/D AND D/ A CONVERTERS 

The specification or selection of analog-to-digital (A/D) 
or digital-to-analog (D/A) converters can be a chancey 
thing unless the· specifications. are understood by the 
person making the selection. Of course, ypu know you 
want an accurate converter of specific· resolution; but 
how do you insure that you get what you want? For 
example, 12 switches, 12 arbitrarily valued resistors, and 
a reference will produce a 12-bit DAG exhibiting 12' 
quantum steps of output voltage. In all probabil.ity, the 
user wants something better than the expected perfor
mance of such a DAG. Specifying a 12-bit DAG or an 
ADC must be made with a full understanding of accuracy, 
linearity, differential linearity, monotonicity, scale, gain, 
offset, and hysteresis errors. 

This note explains the meanings of and the relationships 
between the various specifications encountered in A/D 
and D/A converter descriptions. It is intended that the 
meanings ·be presented in the simplest and clearest 
practical terms. Included are transfer curves showing the 
several types of errors discussed. Timing and control 
signals and. several binary codes are described "as they 
relate to AID.and D/A converters. 

MEANING OF PERFORMANCE SPECS 

Resolution describes the smallest standard incremental 
change in output voltage of a DAG or the amount of 
input voltage change required to increment the output of 
an ADC between one code change and the next adjacent 
code change. A converter with n switches can resolve 1 
part in 2n. The least significant increment is then i-n, or 
one least significant bit ( LSB). In contrast, the most 
significant bit (MSB) carries a l(lleight of 2-1. Resolution 
applies to DACs and ADCs, and may be expressed in 
percent of full scale or in binary bits. For example, an 
ADC with 12-bit resolution could resolve 1 part in 212 
(1 part in 4096) or 0.0245% of full scale. A converter 
with 1 OV full scale could resolve a 2.45mv input change. 
Likewise, a 12-bit DAG would exhibit an output voltage 
change of 0.0245% of full scale when the binary input 
code is incremented one binary bit ( 1 LSB). Resolution 
is a design parameter rather than a performance specifi
cation; it says nothing about accuracy or linearity. 
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Accuracy is ~pmetimes considered to be a non-specific 
term when applied to D/A or A/D converters. A linearity 
spec is generally considered as more descriptive. An 
accuracy specification describes-the worst case deviation 
of the DAG output voltage from a straight line drawn 
between zero and full scale; it includes all errors. A 
12-bit DAC could not have a conversion accuracy better 
than ±Y, LSB or ±1 part in 2ll"+r (±0.0122% of full 
scale due to finite resolution). This would be the case in 
figure 1 if there were .no errors. Actually, ±0.0122% FS 
represents a deviation from 100% accuracy; therefore 
accuracy should be specified as 99.9878%. However, 
convention would dictate .0.0122% as being an accuracy 
spec rather than an inaccuracy (tolerance or error) spec. 

Accuracy as applied to an ADC would describe the 
difference between the actual input voltage and the full
scale weighted equivalent of the binary output code; 
included are quantizing and all other errors. If a 12-bit 
ADC is stated to be ±1 LSB accurate, this is equivalent 
to ±0.0245% or twice the minimum possible quantizing 
error of 0.0122%. An accuracy spec describes the 
maximum sum of all errors including quantizing error, 
but is rarely provided on data sheets as the several errors 
are listed separately. 
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FIGURE 1. Linear DAC Transfer Curve Showing Minimum 
Resolution Error and Best Possible Accuracy 



• Quantizing Error is the maximum deviation from a 
straight line transfer function of a perfect ADC. As, by 
its very nature, an ADC quantizes the analog input into 
a finite number of output codes, only an infinite 
resolution ADC would exhibit zero quantizing error. A 
perfect ADC, suitably offset Y, LSB at zero scale as 
shown in figure 2, exhibits only ±Y, LSB maximum 
output error. If not offset, the error will be +6 LSB as 
shown in figure 3. For example, a perfect 12-bit ADC 
will show a ±Y, LSB error of ±0.0122% while the 
quantizing error of an 8-bit ADC is ±y, part in 28 or 
±0.195% of full scale. Quantizing error is not strictly 
applicable to a DAG; the equivalent effect is more 
properly a resolution error. 
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FIGURE 2. ADC Transfer Curve,% LSB Offset at Zero 
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FIGURE 3. ADC Transfer Curve, No Offset 

Scale Error (full scale error) is the departure from design 
output voltage of a DAG for a given input code, usually 
full-sqale code. (See figure 4.) In an ADC it is the depar
ture of actual input voltage from design input voltage for 
a ful I-scale output code. Scale errors can be caused by 
errors in reference voltage, ladder resistor values, or 
amplifier gain, et. al. (See Temperature Coefficient.) 
Scale errors may be corrected by adjusting output 
amplifier gain or reference voltage. If the transfer curve 
resembles that of figure 7, a scale adjustment at% scale 
could improve the overall ± accuracy compared to an 
adjustment at full scale. 
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FIGURE 4. Linear, 1 LSB Scale Error 

Gain Error is essentially the same as scale error for an 
ADC. In the case of a DAG with current and voltage 
mode outputs, the current output could be to scale 
while the voltage output could exhibit a gain error. The 
amplifier feedback resistors would be trimmed to correct 
the gain error. 

Offset Error (zero error) is the output voltage of a DAG 
with zero code input, or it is the required mean value of 
input voltage of an ADC to set zero code out. (See 
figure 5.) Offset error is usually caused by amplifier or 
comparator input offset voltage or current; it can usually 
be trimmed to zero with an offset zero adjust potentio
meter external to the DAG or ADC. Offset error may be 
expressed in % FS or in fractional LSB. 
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/ 

FIGURE 5. Linear, Y, LSB Offset Error 

Hysteresis Error in an ADC causes the voltage at which a 
code transition occurs to be dependent upon the direction 
from which the transition is approached. This is usually 
caused by hysteresis in the comparator inside an ADC. 
Excessive hysteresis may be reduced by design; however, 
some slight hysteresis is inevitable and may be objec
tionable in converters if hysteresis approaches Y, LSB. 

Linearity, or, .more accurately, non-linearity specifica
tions describe the departure from a linear transfer curve 
for either an ADC or a DAG. Linearity error does not 
include quantizing, zero, or scale errors. Thus, a specifi-
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cation of ±Y, LSB linearity implies error in addition to 
the inherent ±Y, LSB quantizing or resolution error. In 
reference to figure 2, showing no errors other than 
quantizing error, a linearity error allows for one or more 
of the steps being greater or less than the ideal shown. 

Figure 6 shows a 3-bit DAG transfer curve with no more 
than ±Y2 LSB non-linearity, yet one step shown is of zero 
amplitude. This is within the specification, as the maxi
mum deviation from the ideal straight li'ne. is _±1 LSB 
(Y, LSB resolution error plus Y, LSB non-linearity). With 
any linearity error, there is a differential non-linearity 
(see below). A ±Y, LSB linearity spec guarantees 
monotonicity (see below) and,;;; ±1 LSB differential non
linearity (see below). In the example of figure 6, the 
code transition from 100 to 101 is ·the worst possible 
non-linearity, being the transition from 1 LSB high at 
code 100 to 1 LSB low at 110. Any fractional non
linearity beyond ±Y, LSB will allow for a non-monotonic 
transfer curve. Figure 7 shows a typical non-linear curve; 
non-linearity is 1 Y.. LSB yet the curve is smooth and 
monotonic. 
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FIGURE 6. ±Y.. LSB Non-Linearity (Implies 1 LSB Possible 
Error), 1 LSB Differential Non-Linearity (Implies 
Monotonicity) 
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FIGURE 7. 11' LSB Non-Linear, Y.i LSB. Differential Non
linearity 

Linearity specs refer to either ADCs or to DACs, and do 
not include quantizing, gain, offset, or scale errors. 
Linearity errors are of prime importance along with 
differential linearity in either ADC or DAG specs, as all 
other errors (except quantizing, and temperature and 
long.-term drifts) may be adjusted to zero. Linearity 
errors may be expressed in % FS or fractional LSB. 

• Differential Non-Linearity indicates the difference be-_ 
tween actual analog voltage change and the ideal (1 LSB) 
voltage change at any code change of a DAG. For 
example, a DAG with a 1.5 LSB step at a code change 
would_ be said to exhibit Y, LSB differential non
linearity (see figures 6 and 7). Differential non-linearity 
may be expressed in fractional bits. or in % FS. 

Differential linearity specs are just as important as lin
earity specs because the apparent quality of a converter 
curve can be significantly affected by differentiai non
linearity even though the linearity spec is good. Figure 6 
shows a curve with a ±Y, LSB linearity and ±1 LSB 
differential non-linearity whlle figure 7 shows a curve 
with +1 Y. LSB linearity an.d ±Y, LSB differential non
linearity. In many user applications, the curve of figure 7 
would be preferred over that of figure 6 because the 
curve is smoother. The differential non-linearity spec 
describes the smoothness of a curve; therefore it is of 
great importance to the user. A gross example of differ, 
ential non-linearity is shown in figure 8 where the 
linearity spec is ±1 LSB and the differential linearity 
spec is ±2 LSB. The effect is to allow a transfer curve 
with grossly degraded resolution; the normal 8-step curve 
is reduced to 3 steps in figure 8. Similarly, a 16-step 
curve (4-bit converter) with only 2 LSB differential non· 
linearity could be reduced to 6 steps (a 2.6-bit conver
ter?.). The real message is, "Beware of the specs." 
Do not ignore or omit differential linearity character
istics on a converter unless the· linearity spec is tight 
enough to guarantee the desired differential linearity. As 
this characteristic is impractical to measure on a produc
tion basis, it is rarely,. if ever, specified, and linearity is 
the primary specified parameter. Differential non-linear
ity can always be as much as twice the non-linearity, but 
no more. 
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FIGURE 8. ±1 LSB Linear, ±2 LSB Differential Non-Linear 

Monotonicity. A monotonic curve has no change in sign 
of the slope; thus all incremental elements of a mono' 
tonically increasing curve will .have positive or zero, but 
never negative slope. The converse is true for decreasing 
curl'IJS. The transfer curve of .a monotonic DAG will 
contain steps of only positive or zero height, and no 
negative steps. Thus a smooth line connecting all output 
voltage points will contain no peaks or dips. The transfer 
function of a monotonic ADC will provide no decreasing 
output code for increasing input voltage. 



Figure 9 shows a non-monotonic DAC transfer curve. 
For the curve to be non-monotonic, the linearity error 
must exceed ±% LSB no matter by how little. The 
greater the linearity error, the more significant the 
negative step might be. A non-monotonic curve may not 
be a special disadvantage in some systems; however, it is 
a disaster in closed-loop servo systems of any type 
(including a DAC-controlled ADC). A±% LSB maximum 
linearity spec on an n-bit converter guarantees mono
tonicity to n bits. A converter exhibiting more than±% 
LSB non-linearity may be monotonic, but is not 
necessarily monotonic. For example, a 12-bit DAC with 
±% bit linearity to 10 bits (not ±% LSB) .will be mono
tonic at 10 bits but may or may not be monotonic at 12 
bits unless tested and guaranteed to be 12-bit monotonic. 

FS Yi LSB DIFF 
NON-LINEAR / 

I \/ 
(;:/ ltY.lSB 

l'/i / rLSB 

LSB / \ 

TY> LSB Dl_FF 

000 001 010 011 100 101 110 111 

DIGITAL CODE 

FIGURE 9. Non-Monotonic (Must be > ±% LSB Non-Linear) 

Settling Time is the elapsed time after a code transition 
for DAC output to reach final value within specified 
limits, usually±% LSB. (See also Conversion Rate below.) 
Settling time is often listed along with a slew rate 
specification; if so, it may nbt include slew time. If no 
slew rate spec is included, the settling time spec must be 
expected to indude slew time. Settling time is usually 
summed with slew time to obtain total elapsed time for 
the output to settle to .final value. Figure 10 delineates 
that part of the total elapsed time which is considered to 
be slew and that part which is settling time. It is 
apparent from this figure that the total time is greater 
for a major than for a minor code change due to 
amplifier slew limitations, but settling time may also be 
different depending upon amplifier overload recovery 
characteristics. 

Slew Rate is an inherent limitation of the output 
amplifier in a DAC which limits the rate of change of 
output voltage after code transitions. Slew rate is usually 
anywhere from 0.2 to several hundred volts/µs. Delay in 
reaching final value of DAC output voltage is the sum of 
slew time and settling time as shown in figure 10. 

Overshoot and Glitches occur whenever a code transition 
occurs in a DAC. There are two causes. The current 
output of a DAC contains switching glitches due to 
possible asynchronous switching of the bit currents 
(expected to be worst at half-scale transition when all 
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FIGURE 10. DAC Slew and Settling Time 

bits are switched). These glitches are normally of 
extremely short duration but could be of % scale 
amplitude. The current switching glitches are generally 
somewhat attenuated at the voltage output of the DAC 
because the output amplifier is unable to slew at ·a very 
high rate; they are, however, partially coupled around 
the amplifier via the amplifier feedback network and 
seen at the output. The output amplifier introduces 
overshoot and some non-critically damped ringing which 
may be minimized but not entirely eliminated except at 
the expense of slew rate and settling time. 

Temperature Coefficient of the various components of a 
DAC or ADC can produce or increase any of the several 
errors as the operating temperature varies. Zero scale 
offset error can change due to the TC of the amplifier 
and comparator input offset voltages and currents. Scale 
error can occur due to shifts in the reference, changes in 
ladder resistance or non-compensating RC product shifts 
in dual-slope ADCs, changes in beta or reference current 
in current switches; changes in amplifier bias current, or 
drift in amplifier gain-set resistors. Linearity and mono
tonicity of the DAC can be affected by differential 
temperature drifts of the ladder resistors and switches. 
Overshoot, settling time, and slew rate can be affected 
by temperature due to internal change in amplifier gain 
and bandwidth. In short, every specification except 
resolution and quantizing error can be affected by 
temperature changes. 
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<( Long-Term Drift, due mainly to. resistor and semicon

ductor aging can affect all those characteristics which 
temperature change can affect. Characteristics most 
commonly affected are linearity, monotonicity, scale, 
and offset. Scale change due to reference aging is usually 
the most important change. 

Supply Rejection relates to the ability of a DAC or ADC 
to maintain scale, offset, TC, slew rate, and linearity 
when the supply voltage is varied. The reference must, of 
course, remain constant unless considering a multiplying 
DAC. Most affected are current sources (affecting 
linearity and scale) and amplifiers or comparators 
(affecting offset and slew rate). Supply rejection is 
usually specified only as a % FS change at or near full 
scale at 25° C. 

Conversion Rate is the speed at which an ADC or DAC 
can make repetitive data conversions. It is affected by 
propagation delay in counting circuits, ladder switches 
and comparators; ladder RC and amplifier settling times; 
amplifier and comparator slew rates; and integrating time 
of du01-slope converters. Conversion rate is specified as a 
number of conversions per second, or conversion time is 
specified as a number of microseconds to complete one 
conversion (inc!uding the effects of settling time). Some
times, conversion rate is specified for less than full 
resolution, thus showing a misleading (high) rate. 

Clock Rate is the minimum or maximum pulse rate at 
which ADC counters may be driven. There is a fixed 
relationship between the minimum conversion rate and 
the clock rate depending upon the converter accuracy 
and type. All factors which affect conversion rate of an 
ADC limit the clock rate. 

Input Impedance of an ADC. describes the load. placed 
on the analog source. 

Output Drive Capability describes the digital load driving 
capability of an ADC or the analog load driving capacity 
of a DAC; it is usually ,given as a current level or a voltage 
output into a given load. 

CODES 

Several types of DAC input or ADC output codes are in 
common use. Each has its advantages depending upon 
the system interfacing the converter. Most codes are 
binary in. form; each is described and compared below. 

Natural Binary. (or simply Binary) .is t.he usual 2n code 
with 2, 4, 8, 16, ... , 2n progression. An input or output 
high or "1" is considered a signal, whereas a "O" is 
considered an absence of signal. This is a positive true 
binary signal. Zero scale is then .all "zeros" while full 
scale is all "ones." 

Complementary Binary (or .Inverted Binary) is the 
negative true binary system. It is. identic.al to th.e binary 
code except that al.I binary bits are ihverted. Thus, zero 
scale is all "ones" wllil~ full scale is all "zeros." 

Binary Coded Decimal (BCD) is the represeritation of 
decimal numbers in binary form. It is useful in ADC 
systems intended to drive deci.mal displays. Its advantage 
over decimal is that only 4 lines are needed to re·present 
10 digits. The disadvantage of coding DA Cs or ADCs in 
BCD is that a full 4 bits could represent 16 digits wh.ile 
only 10 are represented in BCD. The full-scale resolution 
of a BCD coded system is less than that of a binary 
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coded system. For example, a 12-bit BCD system has a 
resolution of only 1 part in 1000 compared to 1 part in 
4096 for a binary system. This represents a loss in 
resolution of over 4: 1 . 

Offset Binary is a natural binary code except that it is 
offset (usually 'h scale) in order to represent negative and 
·positive values. Maximum negative scale is represented to 
be all "zeros" while maximum positive scale is represented 
as all "ones." Zero scale (actually center scale) is then 
represented as a leading "one" and all remaining "zeros." 
The comparison with binary is shown in figure 11. 

Twos Complement Binary is an alternate and more 
widely used code to represent negative v~lues. With this 
code, zero and positive values are represented as in 
natural binary while all negative values are represented 
in a twos complement form. That is, the twos comple
ment of a number represents a negative value so that 
interface to a computer or microprocessor is simplified. 
The twos complement is forme_d by complementing each 
bit and then adding.a 1; any overflow is neglected. The 
decimal number -8 is represented in twos complement 
as follows: start with binary code of decimal 8 (off 
scale for ± representation .in 4 bits so not a valid code in 
the ± scale of 4 bits) which is 1000; complement it to 
0111; add 0001 to get 1000. The comparison with offset 
binary is shown in figure 11. Note that the offset binary 
representation of the ± scale differs from the twos 
complement representation only in that the MSB. is 
complemented .. The conversion from offset binary to 
twos complement only requires that the MSB be inverted. 
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FIGURE 11. ADC Codes 



Sign Plus Magnitude coding contains polarity information 
in the MSB (MSB = 1 indicates a negative sign); all 
other bits represent magnitude only. This code is com
pared to offset binary and twos complement in figure 11. 
Note that one code is used up in providing a double 
code for zero. Sign plus magnitude code is used in 
certain instrument and audio systems; its advantage is 
that only one bit need be changed for small scale changes 
in the vicinity of zero, and plus and minus scales are 
symmetrical. A DVM might be an example of its use. 

CONTROL 

Each ADC must accept and/or provide digital control 
signals telling it and/or the external. system what to do 
and when to do it. Control signals should be compatible 
with one or more types of logic in common use. Control 
signal timing must be such that the converter or con
nected system will accept the signals. Common control 
signals are listed below. 

Start Conversion (SC) is a digital sigrial to an ADC which 
initiates a single conversion cycle. Typically, an SC signal 
must be present at the fall (or rise) of the clock waveform 
to initiate the cycle. A DAC needs no SC signal; however, 
such could be provided to gate digital inputs to a DAC. 

End of Conversion (EOC) is a digital signal from an ADC 
which informs the external system that the digital output 
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data is valid. Typically, an EOC output can be connected 
to an SC input to cause the ADC to operate in continu
ous conversion mode. In non-continuous conversion 
systems, the SC signal is a command from the system to 
the ADC. A DAC does not supply an EOC signal. 

Clock signals are required or must be generated within 
an ADC to control counting or successive approximation 
registers. The clock controls the conversion speed within 
the limitations of the ADC .. DACs do not require clock 
signals. 

CONCLUSION 

Once the user has a working knowledge of DAC or ADC 
characteristics and specifications, he should be able to 
select a converter to suit a specific system need. The 
likelihood of overspecification, and therefore an un
necessarily high cost, is likewise reduced. The user will 
also be aware that specific parameters, test conditions, 
test circuits, and even definitions ·may vary from 
manufacturer to manufacturer. For practical production 
reasons, parameters may not be tested in the same 
manner for all converter types, even those supplied by 
the same manufacturer. Using information in this note, 
the user should, however, be able to sort out and under
stand those specifications (from any manufacturer) 
pertinent to his needs. 
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Communications/CB Radio Circuits 

MM5303 universal fully asynchronous receiver/transmitter 
general description 
The MM5303 is a fully asynchronous receiver/transmit
ter, fabricated with National's metal-gate, depletion load, 
PMOS technology. All inputs and outputs are fully TTL 
compatible, requiring no external resistors or level 
,shifting. 

This device is a programmable interface b~tween an 
asynchronous serial data channel and a parallel data 

· channel. The transmitter section converts parallel 
data into a serial word which includes: start bit, data, 
parity bit (if selected), and stop bit(s). The receiver 
converts a serial word of the same format into a par
allel one and automatically checks start bit, parity (if 
sele~ted). and stop bit(s). 

Both transmitter and receiver are doubly buffered; in 
addition, received data out and status words may be 
TRI-STATED, facilitating bus configurations. 

Status conditions are: transmission complete, Tx buffer 
register empty, Rx data available, parity error, framing 
error, and over-run error. 

The MM5303 is fully programmable. It <;.an operate 
full or half duplex, transmitting and receiving simulta
neously ai: different baud rates; word length may be 5, 
6, 7 or 8 bits; parity.generation/checking may be even, 
odd or inhibited; the number of stop bits may be either 
1 or 2, with 1 1/2 bits when transmitting a 5 bit code. 

features 
• Low power 
• High speed 

connection diagram 

• Fully externally programmable: 
Word length 
Parity mode 
Number of stop bits 

• Fully double buffered eliminating need for precise 
synchronization 

• . Full or half duplex operation 
• Direct TTL/DTL compatibiHty 

• Automatic data received/transmitted status genera-
tion 

• TRI-STATE outputs 

• Automatic start bit generation/verification 
• Internal pull-ups on all inputs 

applications 
• Peripherals 
• Terminals 
• Mini computers 
• Facsimile transmission 

• Modems 
• Concentrators 
• Asynchronous data multiplexers 

• Card and tape readers 
• Printers 
• Data sets 

• Controllers 
• Keyboard encoders 
•· Remote data acquisition systems 
• Asynchronous data cassettes 

Dual-In-Line Package' 

•ss TCP 

.VGG POE 

•oo ND81 

ROE NOB 2 

RD 8 NSB 

RD7 NPB 

· RD6 cs 
RD 5 TDB 

RD 4 TD7 

RD 3 TD& 
Order Number MM5303N 

RD 2 TDS 
See Package 24 

RD 1 TD4 

RPE TD 3 

RFE TD2 

TD 1 

TSO 

TEOC 

ROAR ffi 
RDA TBMT 

RSI MR 

TOP VIEW 
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absolute maximum ratings 
Voltage at Any Pin 

Operating Temperature Range 

Storage, Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

(Note 1) 
Yss - 25V !Vss + 0.3V* 

-25°C to +70°C 

-65°C to +150°C 

300°C 

*Outputs should not have more than Vss - 15V 

de electrical characteristics 
TA within operating temperature range, Yss = SV ±5%, V 00 = OV, VGG = -12V ±5% unless otherwise noted. 

PARAMETER CONDITIONS 

VIH High Input Voltage Levels (Note 3) 

VIL Low Input Voltage Levels 

VoH High Output Voltage Levels loH =-100µA 

VoL Low Output Voltage Levels loL = 1.6 mA 

JIH High Level Input Current Levels v,N = Vss 

Ill Low Level Input Current Levels V1N = 0.4V, Vss = 5.25V 
-- --

loL Output Leakage Current Level SWE = RDE = V 1H, 

0:5 VouT :5 5V 

los Output Short Circuit Current VouT = OV, (Note 4) 

Level 

C1N Input Capacitance (Note 2) 

All Inputs VIN = Vss. f = 1 MHz 

CouT Output Capacitance -- --
All Outputs SWE = RDE =V 1H,f= 1 MHz 

lss Power Supply Current All Inputs at V55 

IGG Power Supply Current All Inputs at Vss 

ac electrical characteristics at 2s0 c 

PARAMETER 

Clock Frequency 

tpw Pulse Width 
Clock 
Master Reset 
Control Strobe 
T x Data Strobe 
Rx Data Available Reset 

Coincidence Time 

Input Set-Up Time 

tHoLo Input Hold Time 

Output Propagation Delay to 
Low State 

Output Propagation Delay to 
High State 

CONDITIONS 

RCP, TCP 

RCP,TCP 
MR 
cs 
TDS 
ROAR, (Note 5) 

TDS 

cs 
TD1-TD8 
NPB, NSB, NDB, POE 

TD1-TD8 
NPB, NSB, NDB, POE 

RDE, SWE Enable to Outputs Low 

ROE, SWE Enable to Outputs High 

MIN 

V85 -1.5 

Voo 

2.4 

MIN 

de 

1 

5 
1 
300 
200 

300 

1 

0 
0 

300 
0 

TYP MAX 

V85 +0.3 

0.8 

0.4 

10 

1.6 

-1 

25 

5 10 

10 20 

13 25 

6 15 

TYP MAX 

500 

500 

500 

UNITS 

v 
v 

v 

v 
µA 

mA 

µA 

ITTA 

pF 

pF 

mA 

mA 

UNITS 

kKz 

µs 
µs 
µs 
ns 
ns 

ns 

µs 

ns 
ns 

ns 
ns 

ns 

ns 

Note 1: "Absolute Maximum Ratings" are thos,e values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated .at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Positive true logic notation is used: 

Logic "1" =most positive voltage level 
Logic "O" =most negative voltage level 

Note 4: Only one output should be shorted at a time. 
Note 5:. Refer to Receiver Timing diagram for detail. 
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functional block diagrams 

NPB NDBT 

flow charts 

... 
I 
I 
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Transmitting Sequence 

POWER UP AND 
MASTER RESET 

OPERATION EXTERNAL 
TOUART 

f-+-~~,,.rso 
NPB. 

"' 
RPE RfE JfliAR ROR 

NOTE :tiI)- TRI.STATE"' OUTPUT 

Receiving Sequence 

POWER UP AND 
MASTER RESET 

SET CONTROL BITS 
AND CONTROL STROBE 

CS(NOTE I) 

OPERAT)ONEXTERNAL 
TOUART 

Note 1: Control Strobe should be made only at the beginning of transmission and remain inactive during transmission. 
It may be tied high if no change is necessary. 
Note 2: The line must stay low for 8 RCP pulses to be verified. 
Note 3: ROAR -a will cause RDA-+- 0, refer to receiver timing for detail. 
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s: 
pin functions s: 

C1I 
PIN NO. SYMBOL NAME FUNCTION (IJ 

0 
1 Vss Power Supply +5V supply w 
2 VGG Power Supply -12v supply 

3 VDD Ground Ground 

4 ROE Received Data Enable A low-level in put enables the outputs IR DB-RD 1) of the 
receiver buffer register. 

5-12 RDB-RD1 Receiver Data Outputs These,are the 8 TRI-STATE data outputs enabled by ROE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e., the LSB always appears on the RD1 output. 

13 RPE Receiver Parity Error This TRI-STATE output lenabl~d by SWE) is at a high-level 
Output if the received character parity bit does not agree with the 

selected parity. 

14 RFE Receiver Framing Error This TRI-STATE output (enabled by SWE)is at a high-level 
Output if the received character has no valid stop bit. 

15 ROR Receiver Over Run This TRI-STATE output (enabled by SWE) is at a high-level 
Output if the previously received character is not read IRDA output 

not reset) before the present character is transferred into the 

receiver buffer register. 

16 SWE Status Word Enable A low-level input enables the outputs IRPE, RFE, ROR, RDA, 
Input and TBMT) of the status word buffer register. 

17 RCP Receiver Clock This input is a clock whose frequency is 16 times l16X) the 
desired receiver baud rate. 

18 ROAR Receiver Data Available A low-level input resets the RDA output to a low-level. 
Reset Input 

19 RDA Receiver Data Available This TRI-STATE output (enabled by SWE) is at a high-level 
Output when an entire character has been received and transferred 

into the receiver .buffer register. 

20 RSI Receiver Serial Input This input accepts the seri~I bit input stream. A high-level 
!mark) to low-level (space) transition is required to initiate 
data reception. 

21 MR Master Reset This input should be pulsed to a high-level after power turn-on. 

GI This sets TSO, TEOC, and TBMT to a high-level and resets RDA, 
RPE, RFE and ROR to a low-level. 

22 TBMT Transmitter Buffer Empty This TRI-STATE output (enabled by SWE) is at a high-level 
Output when the transmitter buffer register is empty and 

may be loaded with new data. 

23 TDS Transmitter Data Strobe A low-level input strobe enters the data bits into_ the transmitter 
Input buffe.r register. 

24 TEOC Transmitter End of This output appears as a high-level each time a full character is 
Character Output transmitted. It remains at this level until the start of transmissiOn 

of the next character or for one full TCP period iii the case of 
continuous transmission. 

25 TSO Transmitter Serial Output This output serially provides the entire transmitted character. 
TSO remains at a high-level when no data is being transmitted. 

26-33 TD1-TD8 Transmitter Data Inputs There are 8 data input lines !strobed by TDS) available. 
Unused data input lines.as selected by NDB1 and NDB2, may 
be in either logic state. The LSB should always be placed on TD1. 

34 cs Control Strobe ·input A high-level input enters the control bits INDB1, NDB2, NSB, 
POE and NPB) into the control bits holding register. This line 
may be strobed or hard wired to a high-level. 

35 NPB No ParitY Bit A high-level input eliminates the paritY bit from being trans-
mitted; the stop bitls) immediately follow the last data bit. In 
addition, the receiver requires the stop bit(s) to follow imme-
diately after the last data bit. Also, the RPE output is forced 
to a low-level. See pin 39, POE . 

36 NSB Number of Stop Bits This input selects the number of stop bits, 1, 1 1/2, or 2 to be 
transmitted. A low-level input selects 1 stop bit; a high-level 
input selects 2 stop bits, except when 5-bit data is selected, 
then 1 1/2 stop bits will occur. 
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pin functions (con't) 
PIN NO. 

37-38 

39 

40 

SYMBOL 

NDB2, 
NDB1 

POE 

TCP 

timing diagrams 

NAME 

Number of Data Bits/ 
Character. 

Odd/Even Parity 

Select 

Transmitter Clock 

FUNCTION 

These 2 inputs are internally decoded to select either 5, 6, 7 
or 8 data bits/ character as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 
L H 6 
H 
H 

L 
H 

7 
8 

The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H x no parity 

X =don't care 

This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 

Trans~itter Timing - 8-Bit, Parity. 2 Stop Bits 

TOs LJ LJ 

TBMT Li 

TEOC l.__ ____ ____.n.___ 
Transmitter Start-Up 

"::---l___ TSO 
s--·---·.-- . 

CENTER 

'" SAMPLE 

RDA 

ROA 

RCP 

Receiver TiminQ-8-Bit, Parity, 2 Stop· Bits 

Resetting RDA 

' I 

I 

STOP2 START 

SLf1SL 
I ' 

I 

Upon data transrnission ·initiation, or when not· 
transmitting at 100% line utilization, the start 
bit will be placed on the TSO line at the high 
to low transition of the TCP clock following 
the trailing edge of 'fDS. 

ROAR may go low any time after the RDA 
comes up but ·must stay low for a·t least 200 ns 
after the first clock pulse period. RDAR 
may be hard wired low, in which case RDA 
w'ill go high and remain high for th·e duration of 
the positive clock pulse. 



timing diagrams (con't) 

DATA INPUTS 
tr'"tf"20ns 
1SET-UP~0 
!HOLD ~D 

cs 

CONTROL INPUTS 

Data/Control Timing Diagram 
1~---tpw------

v,.----""' 

V1H 

VIL 

'PW 

v,. 
v,, 

VJH 

v,, 

Output Timing Diagram 

OUTPUTS DiSABLEO-

OUTPUTS VoH -- - --------~ 

(R01-RD8, ROA, 
RPE, RFE, TBMT) VOL ___ ..__ ________ _, I'-------

Note: Waveform drawings not to Scale for clarity. 
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Start Bit Detect/Verify 

BEGIN VERIFY 

RSIM--., 

s----L___ 

LIV 
BEGIN VERIFY 

If the RSI line remains spacing for 1/2 a bit 
time, a genuin·e start bit is verified. Should the 
line return to a marking condition prior to 1/2 
a bit time. the start bit. verification process 
begins again. 



Communications/CB Radio Circuits 

MM5393 push button telephone dialer 

general description features 
• 21-digit storage The MM5393 is a monolithic metal gate CMOS integrated 

circuit which provides all logic required to convert a 
push button input to a series of pulses suitable for 
simulating a telephone dial. Storage is provided for 21 
digits, therefore, the information is retained after the 
call is completed and the number is available for redial. 
Entering a new number simply overrides the previous 
one. An interdigital pause can be externally selected 
as either 415 ms or 830 ms. A muting output is supplied 
to mute receiver noise during outpulsing, and a 600 Hz 
tone is activated every time a key is depressed. 

• Selectable interdigital pause 
• Redial of.last number 

• 600 Hz tone 

• Line powered operation 

connection diagram Dual-In-Line Package 

block diagram 

Kl 

K2 

KJ 

K4 

01 

02 

OJ 

K4 

" 
K2 

KJ 

HOOK SWITCH 

DSC 1 

OSC2 

OSCJ 

DIAL PULSE 

TOP VIEW 

'" OJ 

17 02 

16 
01 

15 
!OP SELECT 

14 
TONE 

13 
Voa 

12 
Vgs 

11 
MUTE 

10 
NC 

Order Number MM5393N 
See Package 20 

Vss vDa 

r ________________ l ___ l __________ , 
I I 

KEYBOARD 
SCAN 

MAIN CONTROL 
LOGIC 

21 X4RAM 

DECODER 

READ AND WA1TE 
CONTROL COUNTERS 

READ 
LOGIC 

: 1 : 
iiODKSWITCH IDP MUTE 600HiTONE 

L -- -- -- _______________ T_T_T_j 
DETECT SELECT 

DSC1 OSC2 OSCJ 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature Range 
Voo-Vss 

Vss - 0.3V to VDD + 0.3V 
-30°C to +65°C 
-40°C to +70°C 

Lead Temperature (Soldering, 10 seconds) 
6V max 

300°C 

electrical characteristics TA within operating temperature range, Vss = Gnd, 2V s VDD s 5.5V 

PARAMETER CONDITIONS MIN TYP ·MAX UNITS 

Input Voltage Levels 

Logical "1" VDD--0.25 Voo v 

Logical "O" Vss Vss+0.25 v 

Output Current Levels 

Dial Pulse 

Logical "1" VoD ~ 3V, VouT = Voo - o.5 150 µA 

Logical "O" VoD = 3V, VouT = Vss + o.5 150 µA 

Mute 

Logical "1" VoD = 3V, vouT = VDD -0.5 100 µA 

Logical "O" VoD = 3V, VouT = Vss + o.5 100 µA 

Tone 

Logical "1" VDD = 3V, vouT = VDo - o.5 10 µA 

Logical "O" Voo = 3V, vouT = Vss + 0.5 10 µA 

01,02,03 

Logical "1" vDD = 3V, vouT = VDD - o.5 20 µA 

Logical "O" VDD = 3v, vouT = vss + o.5 

functional description 

The time base for the MM5393 is an RC controlled 
oscillator nominally tuned to 20 kHz. This is succes
sively divided to provide timing signals for the various 
counters. The keyboard inputs, K 1-K4, in conjunction 
with the scan counter outputs, 01-03, indicate the 
presence of a particular key depression. If only one 
key is detected for 5 ms, the decoded key will be loaded 
into the RAM. The push button inputs are accepted at 
an asynchronous rate, loaded into a first-in-first-out 
memory, and outpulsing of the correct number of 
pulses begins immediately after the first digit is entered. 
After the first digit has been completed, outpulsing will 
cease unless another key has been entered. This allows 
use in a PBX system to ensure receipt of a dial tone 
before entering the remainder of the number. If the call 
was not successful, it can be redialed at a later time by 
pressing the redial key (#). If an access code is required 
as in a PBX system, it can be entered, the dial tone can 
be established, then the redial key can be pushed. Only 
one key can be entered before pushing the redial key 
because after the second key entry, the memory is 
erased. A block diagram of the MM5393 is shown in 
Figure 1. 

69 

150 µA 

KEYPAD DATA INPUTS 

Keypad closures cause the connection of 2 of 7 switch 
contacts arranged as a matrix (shown in Figure 2). 
Key closures are protected from contact bounce for 
5 ms. 

IMPULSING MARK-TO-SPACE RATIO 

The mark-to-spac.e ratio is 1.6:1 (61.5% to 38.5%). 

IMPULSING OUTPUT 

The number of pulses will correspond to the input 
digit. For example, key 5 will generate 5 pu.lses. The 
outpulsing rate is 10 Hz, and it can be varied by 
adjusting the frequency of the oscillator. Because it is 
intended to drive a transistor buffer, the outpulsing data 
is inverted. Digits are separated by an interdigital pause 
which is pin programmable for either 415 ms or 830 ms. 

ml 
I 



switching time waveforms 
KEYBOARO SCAN 

01 

02 

OJ LJ LJ 
1---~150µs---j 

KEY CLOSURE 13) ----.., 

61-5ms--j f- -I f- 38.5 ms 

keypad matrix 

typical application 
PHONE LINE 

f--100 ms-J 

~------~ 

~TERDIGITAL PAUS~ 
415 ms DR 830 ms 

IN PROGRAMMABLE) 

Note. All times are based on a 20 kHz oscillator. 

FIGURE 1 

01 02 03 

FIGURE 2 

Proposed Interface 

10M* 25k* 

0.11 µF* 

AZ R1 
1M 56k 

IOP 
SELECT 

i[ 
Voo osc 1 osc 2 DSC 3 

01 

02 

03 

1 µF * Kl MM5393 MUTE 

K2 

K3 DIAL PULSE 

K4 Vss 

25k* 

HOOKSWITCH 

REC 

DETECTOR II *components added to existing network 

PHONE LINE 

FIGURE 3 
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Communications/CB Radio Circuits 

MM5395 TOUCH TONE® gene.rator 

general description· 
The MM5395 is an integrated -circuit that can provide 
all tone frequency pairs required for the TOUCH 
TONE® telephone dialing system. The output frequen
cies are generated by programmably dividing the 
frequency of the on-chip crystal-controlled oscillator; 
thus, accurate output frequencies can be obtained 
without tuning. The only external component needed 
for the oscillator is an inexpensive 3.579545 MHz. 
crystal.' 

The device has four row and four column inputs. Inputs. 
· to the device can either be in a 2-out-of-8 code format 

from a keyboard, or by BCD signals to the row inputs. 

The device is fabricated using our low voltage CMOS 
process so that it may be powered directly from the 
telephone line. 

The MM5395 is designed to be used in a wide variety of 
tone signaling and data transmission applications. 

features 

• 3V to 5V supply 

• On-chip 3.579545 MHz crystal-controlled oscillator 
• Interface with standard telephone keypad 

block diagram 

OSC IN 

CONTROL 

XMIT 

Rt 

R2 

R3 

R4 

Ct 

C2 

CJ 

C4 

DSC 
OUT 

PROGRAMMABLE DIVIDER 

+33 
+34 

PROGRAMMABLE DIVIDER 

KEV- DEBOUNCE CIRCUIT 

• Interface with single contact low-cost keypad option 
• Multi-key lockout with single tone capability 

• On-chip high band and low band tone generators and 
mixer 

• High band pre-emphasis 
• Low harmonic distortion 

• Accurate tone. frequen·cies 

• Open emitter, emitter follower output 

• Mute switch output 

• Can be powered directly from the telephone line 

functional description 

The functional block diagram of MM5395 is shown in 
Figure 1. The device can be operated in Keypad Inter
face Mode or Signal Interface Mode (BCD into roll\( 
input). depending on the logical level at "Control" · 
input. In either mode, the MM5395 will digitally syn
thesize the high and/or .low band sine waves when valid 
signals are applied to row or column inputs. The sum of 
the two sine waves. is then provided ~t the "Tone 
Output." The base .of the output NPN transistor is 
brought out ("FILTER") for easy filtering. Operational 
functipnal features are summar.ized in tables. 

L-------------•M.UTE 

FIGURE 1 
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absolute maximum ~atings 
Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature Range 

VDD-Vss 
Lead Temperature (Soldering, 10 seconds) 

electric a I characteristics 

Vss -0.3V to VDD + o.3v 
-40°C to +70°C 

--65°C to +150°C 
6V 

300°C 

TA within operating temperature, 3V s Voo - Vss s 5V, unless otherwise specified. 

PARAMETER CONDITIONS MIN 

Input Pull·Up Resistor@ Column Inputs V1N = Vss 100 

Input Pull-Down Resistor@ "Xmit" V1N = Voo 100 

Internal Resistor@ Row Inputs 

To Voo (Option A) V1N = Vss 100 

To Vss (Option B) V1N = Voo 100 

Input Voltage Levels 

Logical "1" VDD-{).25 

Logical "O" Vss 

Output Voltage Swings@ "TONE VoD - Vss = 3.ov. 
OUTPUT" RL> soon 

Low Band Only 

High Band Only 

Harmonic Distortion RL~ soon. 

No External Filtering 

Tone Frequency Deviation 

Operating Frequency 

Key-Down Debounce Time 

Key-Up Debounce Time 

Power Dissipation Voo - Vss = sv. 

RL =soon 

Output Current Level @"MUTE" voo - Vss = 3.ov 

Logical "1" vouT = Voo - o.2v 20 

Logical "O" Vour = .vss + o.sv 2.0 

functional description (Continued) 

TABLE I. Interface Mode Control 

CONTROL XMIT INTERFACE MODE 

0 Open Keypad 
1 0 

TYP 

820 

1000 

3.579545 

7 

4 

1 1 
Idle } BCD Signal 
Send tones e.g. MM53g3 

6-12 

MAX UNITS 

400 kn 

400 kn 

400 kn 
400 kn 

Voo v 

Vss+o.25 v 

mVp-p 

mVp-p 

-20 dB 

1.0 % 

MHz 

11.35 ms 

7.15 ms 

30 mW 

µA 

mA 



functional description (Continued) 

XMIT 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ROW 

None 

One 

None 

One 

Two or more 

Two or more 

None 

One 

TABLE 11. Keypad Interface 

(a). Functional Truth Table 

COLUMN LOW BAND 

None DC 

One fl 

One DC 

None IL 

None DC 

One DC 

Two or more DC 

Two or more IL 

(b}. Output Frequencies 

DESIRED ACTUAL 

HIGH BAND 

DC 

fH 

IH 

DC 

DC 

fH 

DC 

DC 

PERCENT 
INPUTS FREQUENCIES FREQUENCY 

fL (Hz) fH (Hz) (Hz) 
DEVIATION 

R1 697 -- 699.1 0.306 

R2 770 - 766.2 -0.497 
' 

R3 852 -- 84 7.4 -0.536 

R4 941 - 948.0 0.741 

C1 - 1209 1215.9 0.569 

C2 - 1336 1331.7 -0.324 

C3 - 1477 1471.9 -0.35 

C4 - 1633 1645.0 0.736 

TABLE Ill. Functional Truth Table for Signal Interface 

FREQUENCIES 
C1 C2 R1 R2 R3 R4 GENERATED 

fL (Hz) fH (Hz) 

x x x x x x DC DC 

Open Open 0 0 0 0 941 1336 

Open Open 0 0 0 1 697 1209 

Open Open 0 0 1 0 697 1336 

Open Open 0 0 1 1 697 1477 

Open Open 0 1 0 0 770 1209 

Open Open 0 1 0 1 770 1336 

Open Open 0 1 1 0 770 1477 

Open Open 0 1 1 1 852 1209 

Open Open 1 0 0 ·o 852 1336 

Open Open 1 0 0 1 852 1477 

0 Open IL DC 

Open 0 Valid BCD Inputs DC IH 

0 0 DC DC 
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typical applications 

Standard Telephone Keypad 

C1 •oo 

C2 

. CJ 

c• 

R1' 

R2 RL 

RJ 
FILTER 200 

•• 
CONTROL 

Vss I 
I 
I 

Vss I ' 
I 

COLUMN I 

, TERMINALS 

Single Contact Keypad 

RINGER ..__..r.-

C1 •oo 5.1k 200 

C2 

Cl 

C4 

R2 , 
Rl I 

MUTE 
I 
I TX 

~ 
...J 

"' 
\ 

RO~ CTRL Vss 

COLUMN 
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connection diagram 

'Dual·ln·Line Package 

Vss 
18 

Voo 

DSC 17 

IN TONE 

NC 
16 

FILTER 

DSC 4 15 
XMIT OUT 

5 14 
MUTE CONTROL 

13 
C4 Rl 

12 
C3 RZ 

C1 11 R3 

CZ 
ID 

R4 

TOP VIEW 

Order Number MM53,95N. 
See Package 20 

a 
! 
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Communications/CB Radio Circuits 

MM55104, MM55106, MM55114, MM55116 PLL frequency synthesizer 

general description 
The MM55104 and MM55106 devices contain phase 
locked loop circuits useful for frequency synthesizer 
applications in C.B. transceivers. The devices operate 
off a single power supply and contain an oscillator, 
a 210 or 211 divider chain, a binary input programmable 
divider, and phase detector circuitry. The devices may 
be used in double 1.F. or single l.F. systems. The 
MM55104, MM55114, MM55106 and MM55116, use a 
10.24 MHz or 5.12 MHz quartz crystal to determine the 
reference frequency. The MM55106 and MM55116 have 
an output pin which provides a 5.12 MHz signal, which 
may be tripled for use as a reference oscillator frequency 
in two crystal systems. Also, the MM55106 provides an 
additional input to the programmable divider which 
allows 29 - 1 division of the input frequency (F1Nl. 
The inputs to the programmable divider are standard 
binary signals. Selection of a .channel is accomplished by 
mechanical switches or by external electronic program
ming of the programmable divider. 

The ¢VCO output provides a high level voltage (sources 
current) when the VCO frequency is lower than the lock 

block diagrams 

FREOSELECT 
"1" = 10 kliz 
"O .. = 5 kHz 

5 

OSC DIVIDER 
210 OR 211 

PROGRAMMABLE DIVIDER 28-1 

¢VCO OUTPUT 
6 

1 16 15 14 13 12 11 111 9 8 
Vee GNO PO Pl P2 PJ P4 P5 P6 P7 

MM55104, MM55114 

pin descriptions 

PO-P8 

F1N 

OSCIN 

OSC OUT 

LO 

Programmable divider inputs 

Frequency input from VCO (mixed 
down) 

Oscillator amplifier input terminal 

Oscillator amplifier output terminal 

Lock detector 

cjNCO Output of phase detector for control 
of the VCO 

FS Frequency division select 10 kHz or 
5 kHz - "1" is 10 kHz; "O" is 5 kHz 

5.12 MHz OUT DSC Frequency divided by 2 output 

LOCK 
7 DETECTOR 

"1" for locked 
"U" for unlocked 

frequency, and ¢VCO provides a low level voltage (sinks 
current) when the VCO frequency is higher than the 
lock frequency. The ¢VCO output goes to a high impe
dance (TR I-STA TE®) condition under lock conditions, 
and the lock detector output LD goes to a high state 
under lock conditions. 

features 
• Single power supply 

• Low power CMOS technology 

• Binary input channel select code 

• 5 kHz or 10 kHz output from oscillator divide 

• 5.12 MHz output (MM55106 and MM55116 only) 

• On-chip oscillator 
• Pull-down resistors on programmable divider inputs 

• Low voltage operation-5V (MM55104, MM55106) 

• High voltage operation-SV (MM55114, MM55116) 

DSC OUT 

FREOSELECT 
5.12 MHZ "1" = 10 kHz 

OUT "0"=5kHz 

6 

PROGRAMMABLE DIVIDER 29-1 

1 18 17 16 15 14 13 12 11 10 9 
Vee GND PU Pl P2 Pl P4 P5 P6 P7 PB 

')VCO OUTPUT 
7 

MM55106, MM55116 

truth table 
Truth table for binary inputs to programmable divider. 

N PS P7 P6 

1 0 0 0 

2 0 0 0 

511 1 1 1 

FouT= F1NiN 

1 =High voltage level, VoH 

0 = Lovv voltage level, Vol 
X = Don't care 

P5 P4 P3 P2 

0 0 ·a 0 

0 0 0 0 

1 1 1 1 

LOCK 
8 DETECTOR 

'T'forlocked 
"O" for unlocked 

P1 PO 

0 x 
1 0 

1 1 

6-16 



absolute maximum ratings Vee Max 
Voltage .at Any Pin V CC + 0.3V to Gnd - 0.3V 
Operating Temperature Range -30°C to +75°C 

MM55104, MM55106 
MM55114, MM55116 

Storage Temperature Range -40°C to +125°C Lead Temperature (Soldering, 10 seconds) 

electrical characteristics TA= 25°c 

PARAMETER 

Supply Voltage (\/eel 

MM55104, MM55106 

MM55114, MM55116 

supply Current Occl 

MM55104, MM55106 

MM55114, MM55116 

Logical "1" Input Voltage (VJ.N(1 )l 

PO-PB,FS, FtN 

Logical "O" Input Voltage (VJN(O)l 

PO-PB, FS, F1N 

Logical "1" Output Voltage 

5.12 MHz Out, LD 

</NCO 

Osc Out 

Logical "O" Output Voltage 

</NCO, 5.12 MHz Out, LD 

Osc Out 

Logical ,..1" Input Current 

FS (Pull-Up) 

MM55104, MM55106} PO-PB 
MM55114, MM55116 (Pull-Down) 

Logical "O" Input Current 

PO-PB (Pull-Down) 

MM55104, MM55106} 
MM55114, MM55116 FS (Pull-Up) 

Toggle Frequency@ F1N 

Oscillator Frequency @ bsc In 

TRI-STATE Leakage @</NCO 

CONDITIONS 

Freq @ Osc In = 10 MHz, 

@ F1N = 2.5 MHz, All Other 

1/0 Pins Open, (Note 1) 

Vee= 5V 

Vee= av 

lo= 0.5 mA l 
lo= 0.4mA 

10 = 0.25mA 

lo =-0.5mA } 

lo= -0.25mA 

Vee= sv 
Vee= BV 

Vee= 5V 

Vee= BV 

connection diagrams (Dual-In-Line Packages, Top View) 

GND 'PB P1 PZ Pl P4 P!i P6 

_G, J• .b• _b, J2 J1 J,o ~ 

Order Number MM55104N or MM55114N 
See Package 19 
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MIN 

4.5 

7.0 

(Vcc-OAVl 

(Vcc-0.5Vl 

5 

10 

-10 

-30 

3 

10.24 

TYP 

5.0 

8.0 

3 

8 

20 

40 

-35 

-120 

J: J: J~ i J: rs y]O i J: 
tN OUT MHz 

OUT 

MAX 

5.5 

10.0 

10 

16 

0.4 

0.5 

1.0 

50 

100 

1.0 

-100 

-300 

1.0 

Order Number MM55106N or MM55116N 
See Package 20 

7V 
12V 

300°C 

UNITS 

v 
v 

mA 

mA 

v 

v 

v 

v 

µA 
µA 
µA 

µA 
µA 
µA 

MHz 

MHz 

µA 
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Ln 
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typical applications 

INTRODUCTION TO FREQUENCY SYNTHESIS 

The components of a frequency synthesizer are shown 
in Figure 1. The voltage controlled oscillator produces 
the desired output frequencies spaced fv Hz apart 
according to the relation: 

The reference frequency, fr, must be equal to or less 
than the (channel) spacing between the frequencies 
being synthesized. 

(OUTPUT) fv+-+-------1 

FIGURE 1. Basic Frequency Synthesizer 

Although simple in concept, the circuit of Figure 1 has 
certain difficulties. In CB, we are synthesizing the 
following frequencies: 

Ch 1 
Ch 2 

Ch 23 

26.965 
26.975 

27.225 

Although the channel spacing is 10 kHz, a reference 
frequency of 5 kHz would be necessary due to the odd 
5 kHz in the assigned channel. This in itself poses no 

f, 

vco 

FIGURE 2(a). Frequency Prescaling 

26.965 

problem; however, presenttechnology limits th~. counting 
speed of programmable dividers to something less than 
5 MHz, ruling out the approach shown in Figure 1. 

Two solutions to this problem are shown in Figure 2. 

Frequency prescaling shown in Figure 2(a} reduces the 
VCO frequency by M (a fixed number) to a frequency 
that can be divided by the programmable counter. The 
reference frequency fr must also be reduced by M. In the 
case of CB, if M = 10, fv = 26.965 MHz, the input to the 
programmable divider will be 2.6965 MHz, and the 
5 kHz reference frequency will be reduced to 500 Hz. 
This poses problems in speed of response of the phase 
locked loop. 

The second technique mixes the output frequency of 
the VCO with a stable fixed frequency to obtain a 
related reference frequency. 

fv = Nfr+ f0 

This technique has the advantage of allowing a 10 kHz 
reference frequency in the loop instead of 5 kHz. 

Further complexity arises when one considers that the 
synthesizer must also generate a local oscillator signal as 
well as a transmitter input signal for the radio (Figure 3). 
A system which provides these frequencies, as well as 
the proper offset to allo.w the programmable divider to 
operate within its limits is shown in the typical applica
tions diagrams (Figure 4). The only departure from the 
ideal situation shown in Figure 3 is that the first IF 
frequency of 10.7 MHz must be changed to 10.695 MHz 
(a change of 5 kHz). 

OFFSET 
GENEFIATOR 

FIGURE 2(b). Frequency Offset 

FIGURE 3. Signals Needed to Transmit and Receive Ch 1 
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typical applications (con 't) 

11.806£i6MHz 

FIGURE 4(a). MM55104 or MM55114 3-Crystal Application 

91 <N<120 
N=150FORCHSO 

FIGURE 4(b).MM55106 or MM55116 2-Crystal, 23-Channel Application 
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Vee 

LEO DISPLAY 

182<N<240Rx 
273< N < 331 Tx 

--, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 CHANNEL 

--1 SELECT 
I SWITCH 
1 
I 
I 
1 
1 
1 
I 
1 
1 
1 __ _. 

FIGURE 4(c). MM55106 or MM55116 Single Crystal, 
23-Channel Application 
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Communications/CB Radio Circuits 

MM55108, MM55110 PLL frequency synthesizer with receive/transmit mode 
general description -
The MM55108 and MM55110 PLL frequency synthe
sizers are monolithic metal gate CMOS integrated 
circuits which contain phase lock loop circuits useful for 
frequency synthesis applications in CB transceivers. The 
devices operate from a single power supply and contain 
an oscillator with feedback resistor, _divider chain, 
a binary input programmable divider with control logic 
for the transmit mode F- by (N + 91)), and the necessary 
phase detector logic. The devices may be used in double 
IF or single IF systems. 

Both the MM55108 and the MM55110 use a 10.24 MHz 
quartz crystal to determine the reference frequ-ency. 
The MM55108 has a 211 divider chain which generates 
a 5 kHz reference frequency. The MM55 l10 has a 
selectable 210 or 211 divider chain_ which gives either a 
10 kHz or 5 kHz reference frequency. The selection of 
reference frequency is made by use of the FS pin. 
In addition, the MM55110contains an amplifier for filter 
applications and an additional input to the program
mable divider which allows 210 -' 1 div_ision of the input 
frequency (f1Nl for FM applications. Due to the internal 
amplifier stage at input frequency input (f1Nl. the 
MM55108 and MM55110 may take a 1 Vp-p signal at 
f1N as the input frequency forthe programmable divider. 
Inputs to the programmable divider are standard binary 
signals. Selection of a channel is accomplished by 
mechanical switches or by external electronic program
ming of the programmable_ divider. The ¢NCO output 

block diagrams !r.12MHt 10.24MHz 
OUT OUT 

' 

provides a high level voltage (sources current) when the 
</NCO frequency is lower than the lock frequency, and 
</NCO provides a low level voltage (sinks current) when 
the </NCO frequency is higher than the' lock frequency. 
The </NCO output goes to a high impedance state 
(TRI-STATE®) while in lock mode, and the lock 
detector output LD also goes to a high state under lock 
condition. 

features 
• Single crystal operation 
• Single power supply 

• Low power CMOS technology 
• Binary input channel select code 
• 210 or 211 divider chain from oscillator input 

(MM55110). 211 divider chain (MM55108) 

• Buffered 5.12 MHz and buffered 10.24 MHz outputs 
• On-chip oscillator with bias resistor 

• Pull-down resistors on programmable divider inputs 
• Receive/transmit input for + by (N+91) while in 

transmit mode 

• Amplifier for filter applications (MM55110) 

• Programmable 29 - 1 division of fl N 
• Additional programmable input for 210 - 1 division 

of f1N (MM55110) . 

• Amplifier stage on fl N input to accept 1 Vp-p signal 

¢VCO 
OUTPUT 

OSCILLATOR DIVIDER 

CRYSTAL 3 
DSC IN 

.,. 

Vee 

PO 

S.12MHz 
OUT 

,11 

MM5.510B 

PROGRAMMABLE DIVIDER 
29-1 

Pt P2 P3 Rx P4 PS P& P7 P8 
/Tx 

MM55108 

FREQUENCY 
SELECT 

1024MHz "1"10kHz 
OUT "0"5kHz 

7 

Fl[TER 
OUT 

PHASE 
DETECTOR 

,;.vco 
OUTPUT 

10 

PHASE 
DETECTOR 

8 LOCK 
DETECTOR 

"1"FOR 
LOCKED 
"O" FOR 
UNLOCKED 

11 LOCK 
DETECTOR 

''1" FDR 
LOCKED 
"O" FDR 
UNLOCKED 

GNO PD Pl P2 PJ Rx P4 P5 P6 P7 P8 pg 

/Tx 

MM55110 
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absolute maximum ratings 

Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature 
Operating Vee 
Lead Temperature (Soldering, 10 seconds) 

V CC + 0.3V to Gnd - 0.3V 
-30°C.to +75°C 

-40°C to +125°C 
1'1V 

300°C 

electrical characteristics TA= 25°C, Vee= BV unless otherwise specified 

PARAMETER CONDITIONS MIN 

Supply Voltage (Vccl 4.5 

Supply Current (lccl Freq. at Osc. In= 10.24 MHz 

at flN = 2.5 MHz, All Other 

1/0 Pins Open 

Logical "1" Input Voltage (VIN(l)l (Vcc-0.4) 

_PO-P9, Is 

Logical "O" Input Voltage (V1N(O)l 

PO-P9, Is 

Logical. "1" Output Voltage lo =-0.5 mA (Vcc-0.5) 

<!NCO, 10.24 MHz Out, 5.12 MHz Out, 

Osc. Out, LD 

Logical "O" Output Voltage 10 = 0.5 mA 

</NCO, 10.24 MHz Out, 5.12 MHz Out, 

Osc. Out, LD 

Logical "1" Input Curren~ 

Filter In (Pull-Up) 

Rx!Tx (Pull-Up) 

FS,PO-P9 (Pull-Down) 20 

Logical "O" Input Current 

Filter In (Pull-Up) 

Rs/Tx (Pull-Up) -60 

FS, PO-P9 (Pull-Down) 

Toggle Frequency at f1N 3 

Input Signal at flN (Maximum 3 MHz) For ac Signal or 1 

(VIN(l)l (Vcc-0.4) 

(VIN(O)l 

Oscillator Frequency at Osc. In 

TRI-STATE Leakage at I/NCO VouT =Vee or Gnd 
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TVP MAX 

10 

4 10 

0.4 

0.5 

40 60 

-1 

-120 -180 

0.4 

10.24 

111 

UNITS 

v 
mA 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

µA 

µA 

MHz 

Vp-p 

v 
v 

MHz 

µA 

~ 
~ 
U1 
U1 ..... ..... 
0 



connection diagrams 
Dual-In-Line Package 

GND P1 P2 Pl Rx/Tx P4 PS P6 P7 

18 17 16 15 14 13 12 11 ID 

DSC DSC 5.12 1024 rt.YCO LO 
IN OUT MHz MHz 

TOP VIEW 

Order Number MM55108N 
See Package 20 

PB 

pin descriptions 

PO-P9 

f1N 
OSCIN 
OSC OUT 
LO 
<tNCO 
FS 

·pfogrammable Divider Inputs 
Frequency Input From VCO (Mixed down) 
Oscillator Amplifier Input 
Oscillator Amplifier Output 
Lock Detector 
Output of Phase Detector for Control of VCO 
Frequency Division Select 
"1" for 210 Division 
"O" for 211 Division 

typical applications 
OPEN _,.Rx 
GND-Tx 

"•"·\
SWITCH i 

.. 
PS 

CHANNEL P4 

SELECT 
SWITCH 

P3 

P2 

" 

11 

12 

" 
14 

15 

;16 

17 

18 

.,,. 

T0.1µ.f 

10k 
MM55108 

2'2pF 

q 

1 *"'' T 

15.JiOMHt 

ZOOpF 10Dpf 
O.SµH 

10 

11 

12 

13 

Dual-In-Line Package 

GND PO Pl P2 Pl NC Rx/Tx P4 P5 P6 P7 PB 

24 23 22 21 20 19 18 17 16 15 14 13 

10 11 12 

Vee f1N DSC DSC 5.12 10.24 FS Fil FIL i>VCO LO P9 
IN OUT MHz MHz IN OUT 

5.12 MHz OUT 

10.24 MHz OUT 

FILTER IN 
FILTER OUT 

Rx/Tx 

2k 

SpF 

LM1862 

200pF 

'TOP VIEW 

Order Number MM55110N 
See Package 22 

Buffered 5.12 MHz Output (Oscillator 
Frequency .,_ By 2) 

Buffered 10.24 MHz Output (Oscillator 
Frequency) 
Filter Amplifier Input 
Filter Amplifier Output 
Receive/Transmit Input 
"O" for Transmit Mode (7 by (N+91)) 

100pF '"" 

~----1-Tx OUT 
26.965-27.405MHz 

"" 
Vcc+BVO-... -----t-------.... ---... - ..... --1---... - ..... ___ _,1------~ 

~------------t---------... -------~:.~4M~~;~UT 
FIRST MIXER 

~----------------+Rx OUT 
FIGURE 1. Single Crystal 40-Channel Low Side Injection with MM55108 and LM1862 16.27-16.71 MHz 
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typical applications (Continued) 

SW 

SWOPf:N ·Rx,
SW CLOSE .. Tx l 

':" 

" 
SW GND 

SWOPEN ·Rx,
SWCLDSE ·Tx .t 

BUFFERED 
1&.24MHz 

BUFFERED 
5.12MHz 

5 OUT 8 OUT 

OSCILLATOR DIVIDER 
z" 

PROGRAMMABLE DIVIDER 
2B-1 

P8 P7 P6 P5 P4 Rx P3 

rrx 

PHASE· 
DEHCTOR 

CHANNEL 
SELECT 
SWITCH 

'"* r 
182 < N < 270 where N ~binary 
number for programmable divider 

FIGURE 2. MM55108 Single Crystal 40-Channel Low Side Injection 

BUFFERED 
10.24MHz 

BUFFERED 
5.12MHz 

5 DUT 6 OUT 

OSCILLATOR DIVIDER 

'" 

PROGRAMMABLE DIVIDER 
28.,.1 

P7 P& PS P4 

CHANNEL 
SELECT 
SWITCH 

'"* r 
182 < N < 270 where N ~ binary 
number for programmable divider 

FIGURE.3. MM55108 Single Crystal 40-Channel High Side Injection 
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truth tables 

TABLE I. Binary Inputs to Programmable Divider for MM55108 

Channel 1 ~ 

Channel 40 ~ 

Rx/Tx 
"1" OR "OPEN" 

N 

1 

2 

4 

182 

270 

510 

1 = logical "1" 

O = logical "O" 

Rx/Tx 
"O" OR "CLOSED" 28 

N PS 

92 0 

93 0. 

95 0 

273 0 

361 1 

601 1 

INPUTS 

27 26 25 24 23 

P7 PG P5 P4 P3 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 0 1 1 0 

0 0 0 o· 1 

1 1 1 1 1 

TABLE II. Binary Inputs to Programmable Divider for MM55110 

Channel 1 -+ 

Channel 40-+ 

Rx/Tx 
"1" OR "OPEN" 

N 

1 

2 

3 

182 

270 

1023 

X = don•t care 

1 = logical "1" 

O = logical "O" 

Rx/Tx 
"O" OR "CLOSED" 29 28 

N pg PS 

92 0 0 

93 0 0 

94• 0 0 

273 0 0 

361 0 1 

1114 1 1 
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INPUTS 

27 26 25 zt 23 

P7 P6 PS P4 P3 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 0 1 1 0 

0 0 0 0 1 

1 1 1 1 1 

22 21 

P2 P1 

0 0 

0 1 

1 0 

1 1 

1 1 

1 1 

22 21 20 

P2 P1 PO 

0 0 x 
0 1 0 

0 1 1 

1 1 0 

1 1 0 

1 1 1 





MM5829 LED watch circuit 

general description 
The MM5829 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that provides or con
trols all signals needed for a 3 1/2 digit LED watch. The 
display format is 12 hours. The circuit time base is a 
32768 Hz crystal controlled oscillator. This time base 
frequency is successively divided to provide drive signals 
for a multiplexed 7 segment LED display of either 
HOURS-MINUTES or SECONDS upon demand. Out
puts interface with currently. available standard bipolar 
segment and digit driver integrated circuits. The device 
operates from a single 2.4V to 5.0V supply. A STOP 
MODE is provided such that an entire watch may be 
placed in a powered down· state with the oscillator 
stopped when still connected to the battery. T.he 
MM5829 is available in a.30-lead ceramic flat package or 
as unpackaged die suitable for hybrid assembly. 

block diagram 

LAMP 

SEGMENTS 

FIGURE 1. 
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Watches 

features 
• 32768 Hz crystal controlled operation 

• Single 3V supply 

• Low power dissipation (15µW typ) 

• Seconds, minutes and hours operation 

• 3 1 /2 digit, 12 hour display format 

• Simple display/set controls 

• Power-down mode 

• Easy interface to standard bipolar IC's for display 
drive 

chip pad layout 

138 MILS ~---~-1 

DSET 
0T1ME 

OF 
DA 

132MtlS DB 
dE 
OG 

De 

Ml\1582g 

SEGMENTS 

t Hll 
TEST 

Voo D 

DIGITS {rn 
TO 

OSC OUT 0 

Vs; LAMP FREQ TEST 41lS6 OSC IN 
DD D D D D D D 

FIGURE 2. 

connection diagram 

•c=====;i 
•c===::::;i 
mr----; NC 

NC~~~J..W.J.LLI-..ll.J..LLU.~--~NC 

TIME 

SEG F 

SEG A 

SEG B 

SEG E 

SEG G 

SEG C 

SEG 0 

NC 

v~c===:'J 
LAMP====::'.J 

DIGIT'.! 

DIGIT 2 

OIGIT4 

DIGIT 1 

OSC OUT 

OSC IN 

NC 

\.'.:::====:::i 1 HdfEST 
FREQ 

TOP VIEW 

FIGURE 3. 



absolute maximum ratings 
Voltage at Any Pin 

Operating Temperature Range 
Storage Temperature Range 

Dice 

Packages 

VDD -Vss 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

V 55-0.3V to VDD+0.3V 
-5°C to+ 70°C 

-25°C to +85°C 

-55°c to +125°C 

5V max 
300°C 

TA within operating temperature range, V 55 ~ GND, 2.4..:;; V DD ..:;; 4.0V, un.less otherwise noted. 

PAR.AM ET ER CONDITIONS MIN TYP 

Oscillator Start Voltage TA= 25°C 2.7 

Input Voltage Level @Time. Set Vao = 3.0V 
Logical "1" 1/2 V00 

Logical "O" 300 kD Pull·Down to Vss Open 

Input Voltage Leve·!@ Test Frequency V00 = 3.0V 
Logical "1" V0 a-0.25 
Logical "O" Vss 

Input Voltage Level @ Lamp, Test Vaa = 3.0V 
Logical "1" 1 MD Pull-Up to V00 Open 
Logical "O" Vss 

Input Current@ Time and Set V1N = Vaa. Sink Only, V0 a =.3.0V 

Input Current @ Lamp and Test V 1N = V55 , Source Only, V 00 = 3.0\t 

Input Capacitance f = 1.0 MHz, V1N = 0.0V 
All other pads GND 

Output Voltage Level @'Segment Drivers 
Logical "1" V0 a = 2.4V, lsouRCE ::'.'. 10µA V00 -0.2 
Logical "O" V0 a = 2.4V, ls1NK ::'.'. 300µA Vss 

Output Voltage Level@ Digit Drivers 

Logical ''1" Vao = 2.4V. lsouRcE ::'.'. 840µA Vaa-1.3 
Logical "O" V00 = 2.4V, lsiNK ::'.'. 20µA Vss 

Output Voltage Level @ 4096, 1 Hz Vao = 3.0V 
Logical "1" lsouRcE ::'.'. 10µA V00 -0.2 
Logical "O" ls1NK ::'.'. 1QµA Vss 

Supply Current (I DD) f = 32768 Hz, TA = 25°C 5 
V00 = 3.0V, Unused Inputs Open, 
Outputs Open 

Supply Current ( 100 ) Stop Mode, TA= 25°C, Vao = 3.0V, 
Unused Inputs Open, Outputs open 

functional description 

MAX UNITS 

v 

Vaa v 
v 

Vaa v 
V55 +0.25 v 

v 
V55+0.25 v 

10 µA 

3 µA 

5 pF 

v 
Vao v 

V55+0.5 v 

Voo v 
Vss+0.2 v 

Vaa v 
V55+0.2 v 

10 µA 

µA 

A block diagram of the MM5829 digital watch chip is 
shown in Figure 1. A chip pad layout is shown in Fig
ure 2 and a package connection diagram in Figure 3. 

Time Base 

quartz crystal, and (c) provide added phase shift for 
good start-up and low voltage circuit performance. 
Capacitors Cl and C2 in series provide the parallel load 
capacitance required for precise tuning of the quartz 
crystal. 

The precision time base of the watch is provided by the 
interconnection of a 32768 Hz quartz crystal and the 
RC network shown in Figure 4 together with the CMOS 
inverter/amplifier provided between.the oscillator in and 
oscillator out terminals. Resistor R 1 is necessary to bias 
the inverter for class A amplifier operation. Resistor R2 
is required in order to (a) reduce the voltage sensitivity 
of the network, (b) limit the power dissipation in the 
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The network shown provides >100 ppm tuning range 
when used with standard X-Y flexure crystals trimmed 
for CL ~ 12 pF. Tuning to better than ±2 ppm is easily 
obtainable. 

The 4096 Hz output or 1 Hz output can be used to 
monitor the oscillator frequency during initial tuning 
without disturbing the network itself. 

s: 
s: 
(11 
00 
N 
c.o 

• 



functional description (con't) 
Time Display 

The HOURS-MINUTES/SECONDS Display feature is 
controlled by a normally open switch connected to the 
Time input as shown in Figure 6. A logic "1" applied 
to the Time input will cause HOURS-MINUTES to be 
displayed for not less than 1.5 seconds or more than 2.0 
seconds. The hours digits can display values 1-12 while 
the minutes digits can display values 00-59. All zero 
values are displayed for minutes and. leading zero values 
of hours are blanked. The character display font is 
shown in Figure 5. Holding a logic "1" on the Time 
input after the time-out of HOURS-MINUTES will cause 
SECONDS to be displayed in digit positions 3 and 4 
until the Time input is opened. SECONDS will blink 
while displayed. Each value is visible for 0.5 seconds and 
blanked for 0.5 seconds. The SECONDS digits can dis
play values 00-59. All zero values are displayed. 

Display Multiplexing 

Outputs from each counter are time-division multiplexed 
to provide digit-sequential access to the time data. Thus, 
instead of requiring 28 leads to interconnect a four digit 
(7 segments/digit) watch, only 11 output leads are re
quired. Figure 6 shows the interconnection of an LED. 
watch system. The four digit outputs of the MM5829 are 
designed to interface with the bipolar DM8650 digit 
driver chip. The seven segment outputs are designed to 
interface with the bipolar DM8651 segment driver chip. 
The four digits of the LED Display are multiplexed with 
a 25% duty cycle, 1024 Hz signal during Display. The 
digit drivers are turned off for 15µs during change of 
digits to allow the seven segments to change 'without 
"ghosting" of the Display. When the MM5829, DM8650, 
and DM8651 are used as shown in the typical applica
tion of Figure 6 the peak segment on currents are 
typically 9 mA. The 0101 LED Display gives excellent 
brightness under these drive conditions. 

Time Setting 
A normally open switch connected to the Set input is 
used in conjunction with the Time switch to set hours, 
minutes, and synchronize seconds. 

HOURS: A logic "1" applied to the Set input will cause 
HOURS-MINUTES to be displayed and will advance 

CMOS INVERTER 

Du 
OSC IN LO 

2ERO 

ilc=J 
C2 Cl ::::o 5-36 pF 45 pf 

Vo0 OR Vss FIVE 

FIGURE 4. Crystal Oscillator Network 
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HOURS at a 1 Hz rate. The Seconds and Minutes 
counters· continue normal counting during this 
condition. 

SECONDS: With a logic "1" on the Time input, the 
application of a logic "1" to the Set input will immedi
ately reset the Seconds counter to 00 and allow a normal 
seconds count from there. 

MINUTES: A logic "1" applied to both the Time and 
Set inputs will allow HOURS-MINUTES to be displayed 
and will advance the MINUTES at a 1 Hz rate. A transi
tion from 59 to 00 will not advance the Hours counter 
in this condition. 

CONTACT. BOUNCE: Debounce circuitry is provided 
on the Time and Set inputs to _remove any logic 
uncertainty upon either closure or release of switches 
providing switch bounce settles within 20 ms. 

Oscillator Stop 

The oscillator can be stopped in order to conserve 
battery life during shipment of the watch. The oscillator 
will stop if a logic "1" is momentarily applied to the 
Time input and while_ HOURS-MINUTES are displayed 
a logic "1" is momentarily applied to the Set input. 

· The Display is inactive during this mode. The os~illator 
will start again when a logic "1" is applied to the Set 
input. 

Test Points 

Four pins are provided for test purposes, A 4096 Hz 
symmetrical signal is brought out for oscillator tuning. 
The pin 1 Hz/Test Frequency is an input/output under 
control of Test. With Test open, a l Hz output will 
appear on the 1 Hz/Test Frequency pin. If Test is con
nected to a logic "O," the 1 Hz/Test Frequency becomes 
an input and any frequency connected to it will be 
divided by the Seconds counter in place of the normal 
1. Hz signal. This feature is provided to allow high speed 
functional testing of the watch system. If lamp is con
nected to a logic "O," all' segments will .be forced to an 
on condition under control of the normal 25% duty 
cycle of the digit drivers. An internal pull-up resistor will 
normaHy hold the lamp input to logic "1." 

D dJ dJ Dc=JD 
D 0:: c=Jv v 

ONE TWO THREE FOUR 

il u DdJ Odl 
o::::o D [60 v 

SIX SEVEN EIGHT NINE 

FIGURE 5. Character D;splay Font 



functional description (con't) 

Voo 

OSC IN 

Voo 

v,, 

SEGMENT DRIVER 
OM8651 

(BIPOlAR) 

'-----+IF. 

MM5829 
(CMOS) 

DSC OUT 

TIME 

SET 

DIGIT DRIVER 
OM8650 

- (BIPOLAR) 

FIGURE 6. Typical Application 
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Watches 

MM5860, MM58601. MM5880, MM58801 
two time zone. LED watch circuits 

general description 
The MM5860/MM5880 is a low threshold voltage, ion
implanted, metal-gate CMOS integrated Circuit that 
provides or controls all signals needed for a 4.cJigit 
LED watch. The display format is either 12 or 24 
hours. The circuit time base is a 32,768 Hz crystal con
trolled oscillator. This time base is successively divided _ 
to provide drive signals for a multiplexed 7-segment LED 
d·isplay of Date-Month, Local Hours-Minutes, Zon.e 
Hours-Minutes, or Seconds upon demand for ·the 
MM5860 version. The MM5880 version will vary only in 
the . date display by displaying Month-Date. The 
MM58X01 versions will blink the Month during the 
date display. Outputs interface with currently available' 
standard bipolar segment and digit driver integrated 
circuits. The device operates from a single 2.4~4.0V 
supply. All versions are available as unpackaged die 
suitable for hybrid assembly or in 40-lead dual-in-line 
packages for evaluation purposes. 

block and connection diagrams 
4Hz!TEST FREQ 

4096Hz 0--------. 

SEGMENTS 

FIGURE 1. 
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features 
• 32,768 Hz crystal controlled operation 

• Single 3V supply 

• Low power dissipation (15µW typical) 

• Seconds, Minutes, Local and Zone Hou~s. Date, and 
Month display 

• 4 year calendar 

• 4·digit, 12/24 hour display format 

• AM indication in 12.-hour format 

• Simple display/set controls 

• Auto return from Set and Display mode 

• Easy interface to standard bipolar IC'~ for display 
drive 

• Display brightness control 

DIM 

"} OZ DIGITS 

" 04 

COLON 

4Hz(TESTFREO. 

NC 

NC 

" NC 

NC 

OSCOUT 

DIGIT2 

DIGIT1 

DIGITJ 

NC 

NC 

Z4HR 

DIM 

TOI' VIEW 

FIGURE 2. 

SEGMENTG 

"' NC ., 
NC 

CYCLE 

ZONE 



absolute maximum ratings 

Voltage at Anv Pin Vss - o.3V to Voo + 0.3V 
Operating Temperature Range -5°C to +70°C 

Storage Temperature Range ' -25°C to +85°C 

Voo-vss 5V max 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 
TA within oper~ting temperature range, Vss = Gnd, 2.4V-:; Voo-:; 4V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TVP 

Oscillator Start Voltage TA= 25°C, Circuit of Figure 4 2.7 

Input Voltage Levels at Cycle, voo =JV 

Set/Display and Zone 

Logical "1" 112 VDo 
Logical "O" JOOk.Q Internal.Pull-Down to Vss Open 

Input Voltage Levels at 4 Hz/Test Freq, 

24 Hr. 

Logical "1" VDD-0.25 
Logical "O" Vss 

Input Voltage Levels at Lamp, Test vDD =JV 

Logical "1" f Mil Internal Pull-Up to V[:m Open 

Logical "O" Vss 

Input Voltage Levels at Dim 

f?isplay Duty Cycle = 21.875% 5 Mn Pull-Down to Vss Open or 

Display Duty Cycle= 9.125% Vss+0.9 
Display Duty Cycle = J.125% VDo-0.5 

Input Current at Cycle, Set/Display V1N = Voo. Sink Only, 0.2 

and Zone Voo =JV 

Input Current at Lamp and Test V1N = Vss. Source Only, 0.2 

Voo =JV 

Input Current of Dim V1N = VoD. Sink Only, 0.1 

VDD =JV 

Input Capacitance f = 1 MHz, V1N =av. 

All Other Pads Gnd 

Output Current L~vels at Segment Drivers 

Logical "1," Source · VoD = 2.4v. VouT = Voo - o.2v 10 J.O 
Logical "O," Sink Voo = 2.4V, VoUT = Vss + 0.5V 300 600 

Output Current Levels at Digit Drivers 

Logical "1," Source VDo = 2.4v, VouT = vDo - 1.Jv ·840 1500 

Logical "O," Sink VoD = 2.4V, VouT = Vss + o.2v 10 30 

Output Current L~vels at 4 Hz/Test Freq, Voo =JV 

4096 Hz 

Logical "1," Source VouT = Voo - o.2v 10 

Logical "O," Sink VouT = Vss + o.2v 10 

Output Current Levels at Colon 

Logical ."O," Sink VoD = 2.4V, VouT = 1V. 0.8 

Supply Current (fool f = 32,768 Hz, TA= 25°C, 5 

VD D = JV, Unused Inputs Open, 

Outputs Open 

Supply Current (I DD) Oscillator Stopped, TA= 25°C, 0.05 

VoD =JV, Unused Inputs Open, 

Outputs Open 
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MAX 

VDo 

VDD 

Vss+o.25 

Vss+o.25 

vss+o.J 

Voo-t.1 

10 

5 

2 

5 

10 

1 

UNITS 

v 

v 

v 

v 

v 

v 

v 

v 

µA 

µA 

µA 

pF 

µA 

µA 

µA 

µA 

µA 

µA 

mA 

µA 

µA 
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functional description 
Unless otherwise specified, all references to the 
MM58XO will also refer to the MM58X01. A block 
diagram of the MM5860/MM5880 is shown in Figure 1. 
The connection diagram is shown in Figure 2 and the 
chip pad layout in Figure 3. 

T 
Q4D!l&Hz D D 0 VssO 

4Hz/TEST TEST 

-ra 00SCOUT FREQ 

DOSCIN co 

"] 
ED 

SEGMENTS GO 

I 
BD 

DIGITS AO DI 

Dl FD 

0• SET/DISPLAY [J 
24HR DIM COLON ZONE CYCLE 

DvooD D D D 0 

-----188MILS------

FIGURE 3, Pad Layout 

Time Base: The precision time base of the watch is pro
vided by connecting a crystal-controlled RC network to 
the on-chip CMOS inverter/amplifier as shown in Figure 
4. For proper operation, the network should be tuned 
to 32,768 Hz. Resistor R1 is used to bias the on-chip 
inverter for class A amplifier operatio'n. Resistor R2 is 
used to (a) reduce the voltage sensitivity of the network; 
(b) limit the power dissipation in the quartz crystal; and 
(c) provide added phase shift for good start-up and low 
voltage circuit performance. Capacitors C1 and C2 in 
series provide the parallel load capacitance required for 
precise tuning of the quartz crystal. The network shown 
in Figure 4 provides greater than 100 ppm tuning range 
when used with standard X-Y flexure quartz crystals 
trimmed for CL= 12 pF. Tuning to better than 2 ppm 
is.easily obtainable. 

TD COUNTERS 

FIGURE 4. Oscillator RC Network 

The 4096 Hz output or the 4 Hz output can be used to 
monitor. the oscillator frequency during initial tuning· 
without disturbing the network itself._ ' 

Display Multiplexing: The counter data selected to be 
displayed is time-division multiplexed to provide digit- -
sequential presentation to the LED display. This reduces 
the number of outputs required to drive the 4-digit 
display to 11 (7 segment drivers and four digit drivers). 
The display font is shown in Figure 5. Figure 6 is a 
schematic diagram of a typical .LED watch using the 
MM5860/MM5880 watch chip. The digit outputs of the 
Mfl{'l5860/MM5880 are designed to interface with the 
bipolar DS8658 digit driver chip and the segment driver 
outputs will interface with the bipolar DS8659 segment 
driver chip. The four digits of the LED display are 
multiplexed with a 25% duty cycle, 1024 Hz signal 
during the display period. -The digit drivers are dis
abled for 32µs at the beginning of each digit enable time 
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to allow the segment decoding circuitry adequate time 
to switch to the next digit's information. This eliminates 
the possibility of "ghosting" information between digits. 
When the MM5860/MM5880, DS8658 and DS8659 are 
used in a typical appli.cation as shown in Figure 6 the 
peak segment "ON" currents ·are typically 11 mA. 
The NSC0101 LED display gives excellent brightness 
under these drive conditions. 

Ou 
fbO 

0 
0 

9J 
0 

FIGURE 5. Character Display Font 

DISPLAY CONTROL 

O=j 

The Time and Date display sequence is controlled by a · 
normally open switch connected to the Set/Display 
input. With the display off, depressing the Set/Display 
switch will activate the Local Hour: Minute display. This 
display will re.main on for 1.25 seconds ±0.125 seconds. 
If the switch is stil I held in at the end of this time out, 
Seconds will be displayed, blinking on for 0.25 seconds 
and off for 0.75 seconds, until the Set/Display switch is 
released. If, during the Hour:Minute display, the Set/ 
Display switch is released and depressed a second time 
the date will be displayed as Date Month in the M M5860 
version and as Month bate in the MM5880 version~
The Month will blink on for 0.25 seconds and off for 
0.75 seconds in the MM58601 and the MM58801 
versions and not blink in the MM5860 and the MM5880 
versions. The display will . remain on for 1.25 seconds 
and turn off automatically if the Set Display switch has 
been released. Holding the Set/ Display switch -in past 
the display time out will maintain the display. until 
the Set/Display switch is released. Zone Hour:Minute 
can be displayed by depressing the Zone switch. This 
display will also remain on for 1.25 seconds ±0.125 
seconds. Holding the Zone switch depressed beyond 
this period will cause Seconds to be displayed until 
the switch 'is released. The date information can not 
be displayed using the· Zone switch. Leading zeros are 
blanked on the Month, Date and Hour displays. 

TIME SETTING 

The setting sequence is controlled by a normally open 
switch connected to the Cycle input. Depressing the 
Cycle switch wil I advance the watch to the next set 
mode. 

Set Hour Mode: With the watch in normal Run niode 
and the display off. depressing the Cycle switch will 
advance the watch to the Set Local Hour mode. In this 
mode local hours. will be displayed in digit positions 1 
and 2 followed by the colon. The AM dot will be on 
during AM time display. Depressing the Set/Display 
switch will advance the Local Hour counter at a 2 Hz 
rate. Depressing the Zone switch while in the Set Local 
Hour mode will cause zone hours information to replace 
the local hours information in digit positions 1 .and 2. 



Voo~ 
Vss '"' TE$T 

1.5V voo 4096 Hz LAMP 24 HR 

h~ Voo 
SET/DISPLAY 

':..-.T _L ZONE 

Vss __J__ 
MM5B6D DIGIT 

DM8658 CYCLE ENABLE 3 
DIM 

·osc i 

osc 2 

20M COLON Vss 

(1) Anti-resonant quartz crystal, CL= 12 pF 

FIGURE 6. System Schematic 

The colon and the AM dot will still be presented as in 
the Local Hours display. The Zone Hour counter can 
now be advanced at a 2 Hz rate by depressing the Set/ 
Display switch. 

In either of the above Set Hour modes if no switches are 
depressed for 5.25 seconds ±0.125 seconds consecu-. 
tively, the watch will automatically return to the Run 
mode. Depressing the Cycle switch while in the Set 
Zone Hour mode will return the watch to the. Run 
mode. Depressing it while in the Set Local Hour mode 
will place the watch in the Set Minutes mode. 

Set Minutes Mode: The Set Minutes mode will display 
minutes in digit positions 3 and 4 preceded by the colon. 
Depressing the Set/Display switch while still holding 
the Cycle switch in will enable the Hold flag but will not 
allow advancement of the Minutes Counter. Depressing 
the Set/Display switch after the Cycle switch has been 
released will do the following: 

a. Reset and hold the Seconds Counter 
b. Enable the Hold flag, and 
c. Advance the Minutes Counter at a 2 Hz rate 

If none of the switches are depressed for 5.25 seconds 
±0.125 seconds consecutively while in the Set Minutes 
mode, the watch wil I automatically return to the Run 
Mode if minutes have not been set or wil I jump to the 
Hold mode if minutes have bee·n set. Depressing the 
Cycle switch while in the Set Minutes mode will advance 
the watch to the Set Date mode for the MM5860 version 
or the Set Month mode for the MM5880 version. 

Set Date Mode: The Set Date mode will display the Day 
of Month in digit positions 1 and 2 in the MM5860 
version, or in digit positions 3 and 4 in. the MM5880 
version, with no colon displayed. Depressing the Set/ 
Display switch while in the Set Date mode will advance 
the Date Counter at a 2 Hz rate. 
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If none of the switches are depressed for 5.25 seconds 
.±0.125 seconds consecutively while in the Set Date 
mode, the watch will automatically ret.urn to the Run 
mode if the Minutes Counter was not set or will jump to 
the Hold mode if the Minutes Counter was set. Depres
sing the Cycle switch while in the Set Date mode will 
advance the watch to the Run mode if the Minutes 
Counter was not set or will advance it to the Hold mode 
if the Minutes Counter was set for the MM5880 version. 
Oepressirg the Cycle switch while in the Set Date mode 
of the MM5860 version will advance the watch to the 
Set Month mode. 

Set Month Mode: The Set Month mode will display tht 
month in digit positions 3 and 4 i'n the MM5860 version, 
or in digit positions 1 and 2 in the MM5880 version, 
with no colon displayed. Depressing the Set/Display 
switch while in the Set Month mode will advance the 
Month Counter at a 2 Hz rate. 

If none of the switches are depressed for 5.25 seconds 
±0.125 seconds consecutively while in the Set Month 
mode, the watch will automatically return to the Run 
mode -if the Minutes Counter was not set or will jump 
to the Hold mode if the Minutes Counter was set. 
Depressing the Cycle switch while in the Set Month 
mode will advance the watch to the Run mode if the 
Minutes Counter was not set or will advance it to the 
Hold mode if the Minutes Counter was set for the 
MM5860 version. Depressing the Cycle switch in the Set 
Month mode of the MM5880 version will advance the 
watch to the Set Date mode. 

Hold Mode: In the Hold mode the Seconds Counter is 
held at 00. Local Hour:Minute will blink on for 0.25 
seconds and off for 0.75 seconds. Depressing the Cycle 
switch while in the Hold mode will put the watch back 
into the Set Hour mode and then the counters can be 
set as described previously. With the Hold mode still 
activated, the watch will return to the Hold mode only. 
Depressing the Set/Display switch while in the Hold 
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mode will place the watch into the display Local Hour: 
Minute mode and allow the Seconds Counter to begin 
normal operation. · 

There is no roll-over of the next higher counter while a 
counter is being set. For example, while the Minutes 
Counter is set from 59 to 00 neither the Local Hour nor 
the Zone Hour Counter will be advanced. 

Figure 7 is a state diagram showing the display and set 
functions for both the MM5860 and the MM5880. 

COLON OUTPUT 

This output provides direct drive of the colon in the 
LED display unit. Colon will sink current when acti
vated. The colon output will be activated during the 
display of either one of the hour counters or the minute 
counter or both. 

CONTACT BOUNCE 

De bounce circuitry is provided on the "Set/Display" 
and "Cycle" inputs to remove any logic uncertainty 
upon either closure or release of switches provided 
switch bounce settles within 100 ms. 

12/24 HOUR OPTION 

12/24 hour mode operation of the watch is controlled 

SET ZONE 
llOUA 

by the logical state of the "24 Hr" input. If the "24 Hr" 
input is a logical "1" the watch will operate in the 24 
hour mode. When the "24 Hr" input is a logical "O" 
the watch operates in 12 hour mode. 

DIM INPUT 

The Dim input is a three level input used to control 
the display intensity of the watch. This input has a pull-. 
down to Vss to hold it normally at a logical "O.'' 

In this condition the display will normally be at maxi
mum intensity. With the Dim input at 1/2VDD· the dis
play will be at approximately 1 /2 of full intensity. 
Placing the input at VDD will reduce the display inten· 
sity to approximately 1/8 of full intensity. Figure 8 
shows the switching threshold ranges for the three level 
DIM input. 

TEST POINTS 

Four pads ~re provided for test purposes. 

4096 Hz: This pad outputs a 4096.Hz signal that can be 
used for oscillator tuning. 

DISPLAY ZONE 
HR:MIN/SEC 

DISPLAY LOCAL 
HR:MIN/SEC 

SET LOCAL 
HOUfi 

SET MINUTES 
SET HOLD 

DISPLAY 
DATE MONTH 
[MONTH DAH) 

..._...... MONT~~DATE) 

HOLD 

- - - AUTOMATIC TIME OUT 
CONTROLLrn ROUTES: 

-·--USER CONTROLLED ROUTES 

FIGURE 7. Control State Diagram MM5860 (MM5880) 

DISPLAY TIME/DIGIT DISPLAY CONDITION 

V1N = Voo 3.125% Low Ambient Light Levels 

V1N = Voo - 0.5V Threshold Region 

V1N=voo-1.1v 9.125% Moderate Ambient Light Levels 

V1N = Vss + 0.9V Threshold Region 

V1N = Vss + 0.3V 21.875% High Ambient Light Levels 

V1N = Vss 

FIGURE 8. Counter yoltage Levels at Dim Input 
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TEST POINTS (CON'T) 

4 Hz/Test Freq: This is an input/output pad under the 
control of the "Test" input. When "Test" is at a logical 
"O," the "4 Hz/Test Freq" pad becomes an input and 
any ·frequency connected to. it will replace the normal 
internal 4 Hz signal. This feature is provided to allow 
high speed functional testing of the watch system. 
When "test" is open or at a logical "1 ", a 4 Hz output 
will appear on the "4 Hz/Test Freq" pad. 

Test: This pad is used as an input to control "4 Hz/ 
Test Freq." An internal pull-up resistor will normally 
hold "Test" at a logical "1." 
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Changing the Test input from a logical "1" to a logical 
"O" will generate a reset pulse which will Set the internal 
counters to 1 PM on January the first. The watch is now 
in a known state for testing purposes. 

Lamp: When the "Lamp" input is at a logical "O," all 
segments of the display will. be forced to an "ON" 
condition under control of the normal 25% duty cycle 
of the digit drivers. An internal pull-up resistor will 
normally hold the "Lamp" input at a logical "1." s: 
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Watches 

MM5879. MM5889. MM5899 RC circuits 

general description absolute maximum ratings 

The MM5879, MM5889, MM5899 are RC circuits 
which may be used in watch modules and other similar 
applications. They are available in die form. All die 
are pad-for-pad interchangeable, offering a range of 
capacitance and resistance values. 

schematic diagram 

PART NUMBER 

MM5879 

MM5889 

MM5889AB 

MM5899 

Voltage at Any Pad 
Operating Temperature 

Storage Temperature 

R1 
MIN MAX 

125k 235k 

250k 470k 

250k 470k 

250k 470k 

MIN 

15M 

15M 

15M 

15M 

Vss + o.3V to Vss- 2ov 
-5°C to +70°C 

-65°C to +150°C 

R2 CAP (Note 1) 
MAX MIN MAX 

30M 9 pF 13 pF 

30M 45 pF 55 pF 

30M 24 pF 36 pF 

30M 14 pF 20 pF 

Note 1: Capacitances are measured periodically only. Capacitance measured from 

Vss to common. 

chip pad layout 

Vss R1 

COMM 

36 MILS 

Vss R2 

FIGURE 1. 
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Watches 

MM5885, MM5886 direct drive LED watch 

general description 
The MM5885, MM5886 is a low threshold voltage, 
ion-implanted, metal-gate CMOS integrated circuit 
that provides or controls all signals needed for· a 4-digit 
LED watch. The display format is 12 hours. The circuit 
time base is a 32,768 Hz crystal controlled oscillator. 
This time base frequency is successively divided to 
provide drive signals for a multiplexed 9-segment, alpha
numeric LED display of DAY-DATE.HOURS-MINUTES 
or SECONDS upon demand. A Month counter is 
provided to control the count sequence of the Date 
counter. The MM5885 uses one button to display while 
the MM5886 uses two buttons for display purposes. 
Outputs interface directly with an alphanumeric LED 
display. The device operates from a single 2.4V to 4.0V 
supply. Both the MM5885 and MM5886 are available 
as unpackaged die suitable for hybrid assembly or in 
a 40-lead dual-in-line package for evaluation purposes. 

features 
• No external parts except the battery, LEDs and 

crystal 

block diagram 
4096HzO------------, 

SET/DISPO----.r---~...., 
CVCLEO----+I 

DAY/DATE 0----M 
DtSPANDSET 

CONTROL LOGIC 

HR!MIN 0----•L--;--_J 

• 32, 768 Hz crystal controlled operation 

• Single 3V supply 

• Low'power dissipation ( 15µW typ) 

• Seconds, Minutes, Hours, Day-of-Week, Date and 
Month operation 

• · 4 year calendar 

• 4-digit, 12 hour display format 

• Simple display /set controls 

• fnertial switch input 

• Alphanumeric display 

• Direct 'drive outputs 

• Display brightness control 

• AM/PM indication during set hours 

• Month indication during set month 

• Test features 

• Single button display control (MM5885) 

TEST 4HzfTESTFREQ 

I 
FREQ SELECT AND 1 Hz 
UTAGEDIVIDER 

RESET 

,-----t--ODIM 

DIGIT CONTROL 
LOGIC AND 
BUFFERS 

l---+--0:1. l---+--0: DIGITS 

COUNTER SELECT 
LOGIC 

Yoo o-----+-

SEGMENTS 

FIGURE 1. 
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absolute maximum ratings 
Voltage at Any Pin Vss -0.3V to V 00 + 0.3V 

Operating Temperature Range -5°C to +70°C 

Storage Temperature Range -25°C to +85°C 

Vnn-Vss 5V max 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 

TA within operating temperature range, Vss = GND, 2.4 <;: V00 <;: 4.0V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP 

Oscillator Start Voltage TA= 25°C 2.7 

Input Voltage Levels at Cycle. 

Set/Display. Day/Date. Hour/Min 

Logical "T" 300 krl Internal Pull·Down 1/2 V 00 

to V88 

logical "O" Open 

Input Voltage Levels at 

4 Hz/Test Freq. 

Logical ·· 1 ·• V 0 o-0.25 

Logical "O" Vss 

Input Voltage Levels at Lamp, Test 

Logical ··1" 100 kU Internal Pull-Up Open 

to V00 

Logical "O"" Vss 

Input Voltage Levels at Dim, 5 MS"l Pull·Down to V88 

Display Duty Cycle= 21.875% Open 

Display Duty Cycle= 9.125% Vss+0.9 

Display Duty Cycle= 3.125% Voa-0.5 

Input Current at C_ycle, Set/Display, Voo = 3.0V, VIN= Voo· 30 

Day/Date, Hour/Min Sink Only 

Input Current at Lamp, Test V 00 = 3.0V, V 1N = V58 , 30 

Source Only 

Input Capac1 ta nee f= 1 MHz, V 1N =OV, 

All Other Pads GND 

Output Current Levels at V 00 =2.7V 

Segment Drivers, 

"ON" Source VouT = V 00 - 0.5V 7 10 

"OFF" Source VouT·= Voo -1 lV 

Output Current Levels at V 00 =2.7V 

Digit Drivers 

"ON" Sink VouT = Vss + 0.6V 50 70 

"OFF" Sink VouT = 2.0V, All Digit Drivers Tied 

in Parallel 

Output Current Levels at 

4 Hz/Test Freq., 4096 Hz 

Logical "1" Source VouT = Voo - 0.2V 10 

Logical "O" Sink VouT = Vss + 0.2V 10 

Operating Supply Current (1 00 ) f = 32,768 Hz, TA = '25°C, 5 

V 00 = 3V, Unused Inputs Open, 

Outputs Open 

Quiescent Supply Current (1 00 ) Osc In@ Gnd, V 00 = 3V, 0.05 

TA= 25°C, Other Inputs and 

Outputs Open 

7-14 

MAX UNITS 

v 

Voo v 

Voo v 
V88 +0.25 v 

V88 +0.25 v 

V88 +0.3 v 
Va0 -1 1 v 

Voo v 

50 µA 

50 µA 

5 pF 

15 mA 

50 µA 

2 mA 

1 µA 

µA 

µA 

10 µA 

1 µA 
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functional description 
A block diagram of the MM5885/l)llM5886 direct drive 
digital watch is shown. in Figure 1. The chip pad layout 
is shown in Figure 2 and a package connectio.n diagram 
in Figure3. 

Time Base: The prec1s1on time base of the watch is 
provided by the 32,768 Hz crystal controlled oscillator, 
which consists of the quartz crystal, the CMOS inverter/ 
amplifier and. the RC network shown in Figure 4. 
Resistor R 1 is necessary to bias the inverter for class A 
amplifier operation. Resistor R2 is required in order to 
{al reduce the voltage sensitivity of the network; (b)limit 
the power dissipation in the quartz crystal; and (cl pro
vide added pt)ase shift for good start-up and low voltage 
circuit performance. Capacitors C1 and Cett in series 
provide the parallel load 'capacitance required for precise 
tuning of the quartz crystal. The network shown in 
Figure 4 provides greater than 100 ppm tuning range 
when used with standard X-Y flexure quartz crystal 
trimmed for CL= 12 pF. Tuning to better than 2 ppm 
is easily obtainable. 

Cap: This pin is used with Oscillator Out to add more 
capacitance to the oscillator RC network shown in 
Figure4. 

1!i9MILS 
75.4 "' 

· Display Control: The "Time" and "Date" display 
sequence · is controlled by normally open switches 
connected to SET/DISPLAY, DAY/DATE (MM5886l, 
and HOUR/MINUTE (inertial switch.) inputs. With the 
display "OFF," depressing the SET/DISPLAY switch 
will activate the HOUR-MINUTE display. This display 
will remain "ON'.' for 1.25 seconds ±0.125 seconds. 
If the switch is still held in at the end of this time out, 
SECONDS will be displayed blinking "ON" for 0.25 
seconds and "OFF" for 0.75 seconds until the SET/ 
DISPL.AY switch is released. If, during the HOUR· 
MINUTE display, the SET/DISPLAY switch is released 
and depressed a second time, the date will be displayed 
as DAY-DATE in the MM5885. The DAY-DATE display 
will remain "ON" for 1.25 seconds ±0 .. 125 seconds. 
and turn "OFF" automatically if the SET/DISPLAY 
switch has been releasei:J. Holding the SET/DISPLAY 
switch past the display time out will maintain the 
DAY-DATE display until the SET/DISPLAY switch 
is released. In the MM5886, depressing the SET I 
DISPLAY a second time has no effect. To display 
DAY-DATE information in the MM5886,. depress the 
DAY/DATE switch. ,The DAY-DATE display will remain 
"ON" for 1.25 seconds ±0.125 seconds. If .the switch 
is still held in at the end of this time out, the display 
will remain until the DAY/DATE switch is released. 
"Time" may also be displayed in both the MM5885 and 

982 153.51 

5.5 

0162 I E c 
{H1) "15 ... "'' ... 

31.1 

41.0 

4.!iX!i.O 

SU: 

80.7 MM5885,MM5886 
!ALL PADS ARE 5.0 X 5.0 MINIMUM) 

99.Z 

4.5 SOUARE, TVP 

131.1 QSC OUT =>17 

=16 
DSC =15 :::14 =13 
IN DIM 4 HzTEST 

10.2 27.6 

=11 (NCI 
DAY/DATE 

=10 .,,g 
' =12 (NC) (MODE) (DISPLAY) 

HR/MIN CYCLE SET 

89.1 117.3 

72.6 163.2 

FIGURE 2. Pad Layout 

DSCIN 

131.Z 

::><>----• TO COUNTERS 

" 6-l&pF 

Voo OR Vss 

Note1:32,168Hz1nti-resonint 
quanzcrym1,cL...,12pf 

T3)pf 
v .. 

Rl ,,., 

c,. 

TBpF 
v,. 

FIGURE 4(al. ·Oscillator RC Network for 
Anti-Resonant Quartz Crystals 
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SEGMENT I SEGMENTE 

DIGIT2 SEGMENTC 

NC NC 

NC NC 

NC NC 

NC NC 

NC NC 

DIGIT1 Sl::GMENT D 

v,. MM!iB85 SEGMENT G 

DIGIT~ MM5986 Voo 

DJGJT4 SEGMENT B 

4096Hz SEGMENTF 

CAP SEGMENT H 

OSCOUT ~GMENTA 

NC NC 

OSCIN NC 

DIM LAMP 

4Hz/TEST SET/DISPLAY 

TEST CYCLE 

HR/MIN DAY /DATE (MM5886) 

TOP VIEW 

FIGURE 3. Connection Diagram 

OSCIN 

OSC OUT 

RI 
!OM 

~>---.-• TD COUNTERS 

"' 200k 

'"' Tlpf 
v., 

Note 1: 32,768 Hz tuning fufk quaru c:rvstal,CL = 9 pF 

FIGURE 4(b). Oscillator RC Network 
for Tuning Fork Quartz Crystals 
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functional description (con't) 
MM5886 by activating the HOUR/MINUTE input. 
The HOUR/MINUTE input is used with an inertial 
switch that is normally open. Closing the switch activates 
the HOUR/MINUTE display. This display will remain 
"ON" for 1.25 seconds ±0.125 seconds and then turn 
"OFF" automatically. 

Time Setting: The· setting sequence is controlled by a 
normally open switch connected to the Cycle input. 
Depressing the Cycle switch will advance the watch to 
the next set mode. Figure 5 is a flow diagram showing 
the display and set functions for both the MM5885 
and the MM5886. 

Set Hour Mode: With the watch in the normal Run mode 
and the display "OFF," depressing the Cycle switch will 
put the watch into the Set Hour mode. In this mode, 
HOU RS will be displayed in digit positions 1 and 2 
followed by the colon. An A or a Pwill be displayed in 

·digit position 4 to indicate AM or PM, respectively. 
Depressing the SET/DISPLAY switch will advance the 
Hours counter at a 2 Hz rate. If neither the SE\/ 
DISPLAY switch nor the Cycle switch are depressed 
for 5.25 seconds ±0.125 seconds, the watch will auto~ 
matically return to the Run mode. Depressing the 
Cycle switch while in the Set Hours mode will advance 
the watch to the Set Minutes mode. 

!711 
r - - - - - - - - - -+-- - - - - -1 

RUN DISPLAY 
HR:MJN 

DISPLAY 
OAY/DATE 

DISPLAY 
SECONDS 

S/D" SET/DISPLAY 
HIM~ HOUR/MINUTE 

C "CYCLE 
- - - "TIME·OUT ROUTE 

FIGURE 5(a). MM5885 Flow Diagram 
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Set Minutes Mode: The Set Minutes mode will display 
minutes in "digit positions 3 and 4 preceded by the 
colon. Depressing the SET/DISPLAY switch while 
still holding in the Cycle switch will enable the hold 
flag but will not allow advancement of the M !NUTE 
counter. Depressing the SET/DISPLAY switch after the 
Cycle switch has been released resets and holds the 
SECOND counter, enables the hold flag, and advances 
the M !NUTE counter at a 2 Hz rate. If neither switch 
is depressed for 5.25 seconds ±0.125 seconds while 
the watch is in the Set Minutes mode, the watch will 
automatically return to the Run mode if minutes have 
not been set or will jump to the Hold mode if minutes 
have been set. Depressing the Cycle switch while in the 
Set Minutes mode will advance the watch to the Set 
Day mode. 

Set Day Mode: .The Set Day mode will display DAY-OF
THE-WEEK in digit positions 1 and 2. Depressing the 
SET/DISPLAY switch while in the Set Day mode will 
advance the DAY counter at a 2 Hz rate. If neither 
switch has been depressed for 5.25 seconds ±0.125 
seconds while in the Set Day mode, the watch will 
automatically return to the Run mode if the hold flag 
was not set or will jump to the Hold mode if the hold 
flag was set. Depressing the Cycle switch while in the Set 
Day mode will advance the watch to the Set Date mode. 

r-.__,,___. 
I 
I 

SID 

~ '--,.,,.---'~ 
I SID 

HOlO 

SET 
MONTH 

DISPLAY 
HR:MIN 

DISPLAY 
SECONDS 

S/0 "SET/DISPLAY 
H/M HOUR/MINUTE 

C ~CYCLE 

- - - ~TIME-OUT ROUTE 

FIGURE 5(b). MM5886 Flow Diagram 



functional description (con't) 
Set Date Mode: The Set Date mode will display DATE in 
digit positions 3 and 4. Depressing the SET/DISPLAY 
~witch while in the Set Date mode will advance the 
DA TE counter at a 2 Hz rate. If neither the SET I 
DISPLAY nor the Cycle switches have been depressed 
for 5.25 seconds ±0.125 seconds while in the Set Date 
mode, the watch will automatically return to the Run 
Mode if the hold flag was not set or will jump to the 
Hold mode if the hold flag was set. Depressing the 
Cycle switch while in the Set Date mode will advance 
the watch to the Set Month mode. 

Set Month Mode: The Set Month mode will display 
MONTH in digit positions 3 and 4 and an "M" in digit 
position 1. Depressing the SET/DISPLAY switch while 
in the Set Month mode will advance the MONTH counter 
at a 2 Hz rate. If neither the SET/DISPLAY nor the 
Cycle switches have been depressed for 5.25 seconds 
±0.125 seconds while in the Set Month mode, the watch 
will automatically return to the Run mode if the hold 
flag was not set, or will advance to the Hold mode if 
the hold flag was set. Depressing the Cycle switch while 
in the Set Month mode will advance the watch to the 
Hold mode if the hold flag was set; otherwise, the watch 
will advance to the Run mode. 

Hold Mode: In the Hold mode the SECOND counter is 
held at 00, and the HOUR·MINUTE display will blink 

"ON" for 0.25 seconds and "OFF" for 0.75 seconds. 
Depresssing the SET/DISPLAY switch will place the 
watch in the display HOUR/MINUTE mode for 1.25 
seconds ±0.125 seconds. Depressing the Cycle switch 
while in the Hold mode will advance the watch to the 
Set Hour mode. There is no roll-over of the next higher 
counter while a counter is being set at a 2 Hz rate. 

Month Counter: The MONTH counter provides. "smart 
Date" but is only displayed during the Set Month mode. 
The DATE counter will count 28 days in February, 
30 in April, June, September and November, and 31 
in the remaining months. 

Contact Bounce: Debounce circuitry is provided on the 
SET/DISPLAY, CYCLE, DAY/DATE and HOUR/ 
MINUTE inputs to remove any logic uncertainty upon 
either closure or release of the switches. 20 ms debounce 
protection is provided for SET/DISPLAY, CYCLE and 
DAY /DA TE inputs and 200 ms protection is provided 
for the HOUR/MINUTE input. 

Display Multiplexing: The counter data selected to be 
displayed is time-division multiplexed to provide digit· 
sequential presentation to the LED display. This reduces 
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0 o=o o::::o 
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ililO 3 0 0 

o o=o 0 

D 60 ° 
o=o o::::o 

v v 
FIGURE S(cl. Set Display Font 

7-17 

SET HOURS 

SET MINUTES 

SET DATE 

s: 
s: 
U1 co 
co 
U1 

s: 
s: 
U1 co 
co 
oi 



functional description (con't) 
the number of outputs required to drive the 4-digit 
display to thirteen (9-segment drivers and 4-digit drivers). 
The display font is shown in Figure 6. Figure 8 is a 
schematic diagram of a typical LED watch using the 
MM5885 watch chip. The segment and digit drivers 
are designed to interface directly with the LED display. 
The four digits of the LED display are multiplexed 
with a 23% duty cycle, 1024 Hz signal during the dispfay 
period. The digit drivers are disabled for 32µsec at the 
beginning of each digit enable time to allow the segment 
decoding circuitry adequate time to switch to the next 
digit's information. This eliminates the possibility of 
"ghosting" information between digits. 

Dim Input: The Dim input is a 3-level input used to 
control the display intensity of the watch. This input 
has a pull-down to V ss to hold it normally at a logical 
"O." In this condition, the display will normally be at 
maximum intensity. With the Dim input at 1/2 V 00 

the display will be at approximately 1/2 of full intensity. 
Placing the input at V00 will reduce the display inten
sity to approximately 1/8 of full intensity. Figure 1 
shows the switching threshold ranges for the 3-level 
Dim input. 

Colon Output: Colon information is present on the "h" 
and "i" segment outputs during digit position 4. 

o::: !J 0 O'DO Ou 
=v 60 0 o o=o u 

SUNDAY MONDAY 

= 
uc~1 n= ~=r D LJ,.._ Dile] I 

D 17~ 
L u 

THURSDAY FRIDAY 

FIGURE 6. 

21.875% DUTY CYCLE 

9.375% DUTY CYCLE 

Test Points: Four pads are provided for test purposes. 

4096 Hz: This pad outputs a 4096 Hz signal that can be 
used for oscillator tuning. 

4 Hz/Test Freq: This is an input/output pad under the 
control of the Test input pad. When "Test" is at a logical 
"O," the 4 Hz/Test Freq pad becomes an input and any 
frequency connected to it will replace the normal 
internal 4 Hz signal. Th is feature is provided to allow 
high speed functional testing of the watch system. 
When "Test" is open or at a logical "1," a 4 Hz output 
will appear on the 4 Hz/Test Freq pad. 

Test: This pad is used as an input to control the 4 Hz/ 
Test Freq pad. An internal pull-up resistor will normally 
hold "Test" at a logical "1." Changing the Test input 
from a logical "1" to a logical "O" will generate a reset 
pulse whic'h will set the internal counters to 1 AM on 
Sunday, January the first. The watch is now in a known 
state for testing. 

Lamp: When the Lamp input is at a logical "O ," all 
segments of the display will be forced to an "ON" 
condition under control of the normal 23% duty cycle 
of the digit drivers. An internal pull-up resistor will 
normally hold the Lamp input at a logical "1." 

= 0 0 o o o= D 
D [bf7 u ~ n rt::: LdbU . --

TUESDAY WEDNESDAY 

A 

R Fil~O· 
·~O, SATURDAY 

Display Font 

976.5i:,s-----

V1N DI SPLAY TIME/DIGIT DISPLAY CONDITION 

Yoo 3.125% Low Ambient Light 

Y 00 - 0.SY Threshold Region 

Yoo-1.1Y 9.375% Moderate Ambient Light 

V88 +0.9Y Threshold Region 

V88 +0.3V 21.875% High Ambient Light 

Vss 

FIGURE 7. Dim Input Levels 

7-18 



functional description (con't) 
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FIGURE S(a). System Schematic for MM5885 LED Watch (Anti-Resonant Crystal) 
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MM5890 LCD chronograph circuit 
general description 
The MM5890 is a low threshold voltage, ion implanted, 
metal-gate CMOS integrated circuit that provides all 
signals ne.eded to drive an LCD watch of six digits plus 
nine information segments. The circuit time base is a 
32.768 kHz crystal controlled oscillator. This base 
frequency is divided down to provide SECONDS, MIN· 
UTES, HOURS, DAY-OF-THE-WEEK, DATE and 
MONTH information in the normal watch mode with 
separate minutes, seconds, and hundredths of a second 
available in the stopwatch mode. Time display can be 
bonded to either 12 or 24 hour format. 51 phase con
trolled outputs are provided for direct drive of the 
display. The 32 Hz output is used as the backplane 
drive for normal operation qnd as a test frequency 
input during testing. The MM5890 operates on a single 
1.4V to 1.6V supply. An on-chip voltage multiplier is 
used to provide 2 or 3 times the battery voltage to drive 
the display. The MM5890 is available in die form suit
able for hybrid assembly or mounted on a 68-lead 
dual-in-line PCB assembly for test and evaluation 
·purposes. 

block diagram 

OSC IN 

OSC OUT 

3ZHz/ 
BP TEST 

Watches 

features 
• Direct continuous LCD drive capability 

• 32.768 kHz crystal controlled operation 

• Single 1.5V battery operation 

• Voltage multiplier 

• Low power dissipation 

• 6-digit plus 9 information segment display 

• Colon display 

• 12 or 24 hour format 

• 4 year calendar 

• Stopwatch with split operation 

• 6-function watch 

• 4 button sequential operation 

12 HR CAP 1 CAP 2 CAP 3 VEE 

DAYS·OF-THE 
WEEK{7) 

~----~--'----.---.--~--'------~ OUTPUT LATCHES 

47 SEGMENT DRIVE OUTPUTS 

FIGURE 1. 
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absolute maximum ratings 

Voltage at osc IN, osc OUT, Voo + 0.3V to Vss - 0.3V 
12 HR. SW Disable, Double, Triple 
Seti.Display, Cycle, Mode, Start/Stop 

Storage Temperature Range 
Voo-VEE 
Voo-Vss 

Voltage at Any Other Pin Voo + 0.3V to VEE-0.3V 
Operating Temperature Range -5°C to +70°C 

Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

TA within operating range, VDD - Vss = 1.5V, VDD -VEE= 4.5V, VDD@ Ground unless otherwise noted. 

PARAMETER 

Oscillator Start Voltage 

Oscillator Sustaining Voltage 

Input Voltage Levels 

Set/Display, Cycle 

Start/Stop, Mode 

Logical "1" 

Logical "O" 

Test 

Logical "1" 

Logical "O" 

32 Hz/Backplane 

Logical "l" 

Logical "O" 

12 HR, SW Disable 

Logical "1" 

Logical "O" 

Input Current Levels 

Set/Display, Cycle, Start/Stop, 

Mode, Test 

Input Capacitance 

OSC OUT 

OSC Cap 

All Others 

Output Current Levels 

Segment Drivers 

Logical "1" Source 

Logical "O" Sink 

BP/32 Hz Output 

Logical "1" Source 

Logical "O" Sink 

Output Current Levels 

Double, Triple 

Logical "1," Source 

Logical "O," Sink 

CONDITIONS 

TA= 25"C, (Note 1) 

TA= -5°C, (Note 1) 

Internal Pull-Down to Vss 

Internal Pull-Down to VEE 

Test Input= VDD 

VJN = VDD 

f=1MHz,V1N=OV, 

All Other Pads Gnd 

vouT = VoD - o.2v, 

(VDD - VEE= 3V) 

VouT =VEE+ 0.2V, 

(VDD - VEE= 3V) 

vouT = Voo - o.2v, 

(VDo - VEE= 3V) 

VouT =VEE+ 0.2V, 

(VoD - VEE= 3V) 

vouT = Voo :-0.25V, 

Phase 2 < 1 ms 

vouT = Vss + o.25v, 

Phase 3 

7-21 

MIN 

1.40 

1.30 

VDD-0.25 

VoD-0.25 

VDD-0.25 

VDD-0.25 

8 
37 

2.0 

2.0 

200 

200 

7.5 

35.0 

TYP MAX 

Open 

Open 

VEE+0.25 

vss+o.25 

30 50 

5 

-25"C to +85°C 
6.SV 
3.0V 

300°C 

UNITS 

v 
v 

v 

v 

v 

v 

v 

v 

v 

v 

µA 

pf 

pf 

pf 

µA 

µA 

µA 

µA 

µA 

µA 
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electrical characteristics (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
--.- ~ 

Cap 1 

Logical "1," Source vouT = VDD -o.25v, 7.5 µA 

Phase 1 

Logical "O," Sink VouT = Vss \0.25V. 20.0 µA 
Phase 2 

Leakage VouT = VDD - 3.0v. 0.6 µA 

Phase 3 

Cap 2 

Logical "O," Sink vouT = Vss + o.2sv. 35.0 µA 

Phase 1 

Leakage VouT =VEE+ 1.5V, 0.6 µA 
Phase 2 

VEE 
Logical "O," Sink Cap 2 = VDD - 4.2V, 250.0 µA 

Phase 3 

VouT = VDD - 3.95V 

Input De bounce Test Input Open 

Cycle, Mode Osc. In Freq= 32.768 kHz 120 260 ms 

Set ("0" to "1" Transition) 120 260 ms 
Set ("1" to "O" Transition) 

I 
60 130 ms 

Start/Stop 60 130 ms 

Supply Current (I DD) TA= 25°C, IEE= 1 µA, 

Doubler Operation f = 32,768 fiz, VDD - Vss = 3.0 6.0 µA 

Tripler Operation 1.6\i, (Note 1) 6.0 8.0 µA 

Supply Voltage (VEE) TA= 25°C, C = 0.047 µF, 

Doubler Operation IEE = 1 µA, f = 32,768 Hz, 2.5 v 

Tripi er Operation VDD - Vss = 1.5v. 

(Figure 9), (Note 2) 

Note 1: In oscillator network shown in Figure 4. 
Note 2: External capacitors connected as show·n in Figure 9, 

functional description 

A block diagram of the MM5890 chronograph chip is 
shown in Figure- 1 with the chip pad layout shown 
in Figure 2. 

1 

Time Base: The precision time base of the chronograph 
is provided by connecting a crystal controlled RC net
work to the on-chip CMOS inverter/amplifier as shown 
in Figure 3. For proper operation the network should be 
tuned to 32.768 kHz. Resistor R1 is used to bias the 
on-chip inverter for class A amplifier operation. Resistor 
R2 is used to: a) reduce th.e voltage sensitivity of the 
network; b) limit the power dissipation in the quartz 
crystal; and c) provide added phase shift for good 
start-up and low voltage operation. Capacitors C1 and 
C2 in series provide the parallel I dad capacitance required 
for precise tuning of the quartz crystal. The netw.ork 
shown in Figure 4 provides greater than 100 ppm 
tuning range when used with standard X-Y flexure 
quartz crystals trimmed for CL = 13 pF _ Tuning to 
better than 2 ppm is easily obtainable. The 32 Hz output 

7-22 

3.8 v 

can be used to monitor the oscillator frequency during 
initial trimming without disturbing the network itself. 

DISPLAY CONTROL 

Watch Mode: When used as a watch, the .MM5890 has 
two display modes. The first mode displays the HOUR 
in digit positions 1 and 2, the MINUTE in digit positions 
3 and 4, the DATE in digjt positions 5 and 6 and the 
DAY-OF-THE-WEEK (Figure 5). The second mode will 
display SECONDS in digit positions 5 and 6 instead of 
the DATE. Depressing the Set/Display switch will change 
the watch from one mode to the other. 

Leading zero values of the 'DATE and HOUR are 
blanked. The circuit contains a 4 year calendar which· 
will automaHcally reset the Date Counter to 1 and 
advance the Month Counter at the end of each month 
(except for February in Leap Year). The character 
display font is shown in Figure 6. 



functional description' (Continued) 
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functional description (Continued) 

= 
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FIGURE 6. Display Font 

Stopwatch Mode: Depressing the Mode Switch will 
switch the watch . from the normal watch mode to the 
stopwatch mode. When used as a stopwatch, the 
MM5890 displays the stopwatch MINUTE in digit posi
tions 1 and 2, the stopwatch SECOND in digit positions 
3 and 4, and the stopwatch 1 /100 SECOND in digit 
positions 5 and 6. Depressing the Start/Stop Switch will 
either start the stopwatch if it is not counting or stop 
it if it is counting. 

Depressing the Set switch will activate the Split Time 
mode. In this mode the watch will freeze the time 
showing on the display at the instant the Set switch is 
depressed. The stopwatch continues counting and the 
colon will begin blinking at a 1 Hz rate to indicate the 
continuing count. Depressing the Start/Stop switch will 
stop or start the stopwatch counters. The colon will 
remain "ON" in the Split Time mode if the stopwatch is 
not counting. The Split indicator (refer to Figure 5) will 
be "ON" during the Split Time mode. Depressing the 
Set switch while the watch is in the Split Time mode 
will return the accumulated time in the stopwatch to the 
display and the Split indicator will turn "OFF." 

Depressing the Set switch while the stopwatch is not 
running and is not in the Split Time mode will clear the 
stopwatch counters to a zero count. Depressing the 
Mode switch while the stopwatch mode is active will 
transfer the watch to the normal watch mode. This 
transfer will not affect the stopwatch function and the 
stopwatch will continue performing the same function 
until the stopwatch mode is again activated with the 
mode switch. 

Setting Control: A normally open switch connected to 
the Cycle input is used in conjunction with the Set/ 
Display input to set the MONTH, DATE, DAY-OF
THE-WEEK, HOUR, MINUTE and synchronize the 
SECOND information. 

HOUR: With the watch in the watch mode depressing 
the Cycle switch will put the watch in the Set Hour 
mode. The HOUR information will be in digit positions 
1 and 2 with either an A or a P in digit position 4 
indicating AM or PM. While in this mode, depressing the 
Set/Display switch will cause the HOUR counter to 
advance at a 1 Hz rate until the switch is released. 

MINUTE: Depressing the Cycle switch while the watch 
is in the Set Hour mode will put the watch in the Set 
Minute mode with the MINUTE information displayed 
in digit positions 3 and 4. Depressing the Set/Display 
switch will advance the Ml NUTE counter at a 1 Hz rate 
and activate the Hold mode. 

DA'(-OF-THE-WEEK: Depressing tHe Cycle switch 
while the watch is in the Set Minute mode will place it 
in the Set Day mode with the DAY-OF-THE-WEEK dis
played. Depressing the Set/Display switch will change 
the DAY,OF-THE-WEEK at a 1 Hz rate until the switch 
is released. 

DATE: Depressing the Cycle switch while the watch is 
in the Set Day mode will advance it to the Set Date 
mode with the DATE (day of the month) displayed in 
digit positions 5 and 6. Depressing the Set/Display 
switch while the watch is in the Set Date mode will 
advance the DATE at a 1 Hz rate until the switch is 
released. 

Month: Depressing the Cycle switch while the watch is 
in the Set Date mode will advance it to the Set Month 
mode with the Month displayed in digit positions 5 and 
6 and the Month indicator "ON." Depressing the Set/ 
Display switch while in this mode will advance. the 
Month counter at a 1 Hz rate until the switch is released. 

Depressing the Cycle switch wh.ile the watch is in the 
Set Month Mode will place the watch in the normal 
display mode with HOUR, MINUTE, DATE, and DAY
OF-THE-WEEK information displayed. 

Hold: If the Hold mode was activated while in tne Set 
Minute mode the colon will not blink in the normal 
time display but remain on continuously. The SECOND 
counter is held at 00, forcing the watch to remain at the 
displayed time. Depressing the Set/Display switch will 
switch the. watch to the alternate time display mode 
(HOUR, MINUTE, SECOND, and DAY-OF-THE-WEEK) 
and release the SECOND counter allowing normal 
operation to begin. While in any of the Set modes, 
advancing the selected counter will not cause a roll-over 
of higher state counters. For example, advancing the 
HOUR counter from 11 PM to 12 AM will not cause the 
DATE or DAY-OF-THE-WEEK counters to advance. 

A control state diagram for the MM5890 is provided in 
Figure 7. 

Contact Bounce: Debounce circuitry is provided on the 
Set/Display, Cycle, Start/Stop, and Mode inputs to 
remove any logic uncertainty upon either closure or 
release of. switches provided switch bounce settles 
within 120 ms (Set/Display release bounce must settle 
within 60 ms.) 

12/24 Hour Option: 12/24 hour operation is controlled 
by the logical state of the 12 HR pad. Connecting the 
12 HR pad to a logical "1" will cause the watch to 
operate in the 12 hour mode while connecting the 
12 HR pad to a logical "O" will cause the watch to 
operate in the 24 hour mode. 
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functional description (Continued) 

Segment Outputs: The Segment outputs are designed to 
drive field-effect liquid crystal displays. Each display 
segment has its own output which supplies the proper 
32 Hz drive signal. By definition, the segment is "OFF" 
when its drive signal is in phase with the Back Plane 
drive signal (BP/32 Hz) and the segment is "ON" when 
the drive signal is 180° out of phase with the Back Plane 
drive signal (refer to Figure 8). 

DISPLAY (CLEAR DISPLAY 
DAY DATE HOLD) DAY SECOND 

HOUR : MINUTE HOUR : MINUTE 

BP/32 Hz: This input/output pad is under control of 
the T~st input. When Test is open or at a logical "O," 
a 32 Hz signal is provided at BP /32. Hz whii;h is used to 
drive the backplane of the LCD unit or to monitor the 
oscillator frequency. If Test is at a logical "1," the 
BP/32 Hz pad is converted 'into an input and any fre· 
quency connected to it will replace the normal internal 
32 Hz signal. This feature allows high speed. testing of 
all timekeeping and stopwatch counters. 

RESET 
COUNTERS 

SET 

¢:J MOOE 

DISPLAY 
MINUTE: SECOND 

1/100 SECOND 
HOLD COUNT 

DISPLAY SPLIT TIME 
MINUTE: SECOND 

1/100 SECOND 
HDLD COUNT 

DISPLAY HOUR 
WITH A OR P 

CYCLE 

DISPLAY MINUTE 

CYCLE 

OISPLAY 
DAY-OF-WEEK 

VDo 

BACKPLANE 

VEE 

VDo 

SEGMENT 

VEE 

ADVANCE 
HOUR 

ADVANCE 
MINUTE 

SET HOLD MODE 

ADVANCE 
DAY·OF·WEEK 

ADVANCE 
DATE 

ADVANCE 
MONTH 

FIGURE 7. Control State Diagram 

FIGURE 8. Phase Drive Signals 
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functional description (Continued) 

Test: This input is used to control the BP/32 Hz pad as 
described above. When Test is at a logical "1" the 
phase-control is disconnected from the segment drive 
outputs and the segment .information is referenced to a 
logical "O" backplane. Switching the .Test input .from a 
logical "O" to a logical "l" generates a reset pulse that 
will reset the counters to Sunday, 1 AM on January the 
first. All stopwatch counters wil.1 be set to 00 and the 
watch will be placed in the no~mal time display mode. 

5-36 pf 

32.768 kHz 

osc D 
IN 

osc 
CAP 

I 

DISPLAY 
51 

UNIT 
SEGMENT 
OUTPUTS 

I MM5890 

BP 
SW DISABLE 

SW Disable: This input is used to control accessability 
to the stopwatch functions. If SW Disable is at a logical 
"O" the Mode switch can be used to activate the stop
watch functions. If SW D.isable is at a logical "1" the 
Mode switch is inoperative and the stopwatch functions 
are locked out. 

Voo OR Vss 

50 pf TYP 

DSC 
OUT Voo 

12 HR 

_L 
START/STOP 

.L 
SET/DISPLAY 

_L 
CYCLE 

_L 
MODE 

DOUBLE ------, 
TRIPLE I 

I 0.05µF ......... 
CAP 1 

""" 0.05 µF 

I 
D.05µf I 

CAP 2 
___ ..J 

Vee 

0.05µF 

VDo + 

Vss 

FIGURE 9. Typical Application 
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MM58104 direct drive LED watch 
general description 
The MM58104 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that provides or 
controls all signals needed for a 3 1 /2 digit 3-function or 
a 4-digit 4-function LEOO watch. The display format is 
12 hours. The circuit time base is a 32,768 Hz crystal 
controlled oscillator. This time base frequency is sue· 
cessively divided to provide drive signals for a multi· 
plexed 7-segment LED display. Upon demand MM5a104 
will display HOURS;MINUTES or SECONDS when it 
is used as a 3-function watch and will also display DATE 
when it is used as a 4-function watch. The outputs will 
directly drive a 7-segment LED display. The device 
operates from a single 2.4V to 4.0V supply. The 
MM58104 is available as unpackaged die suitable for 
hybrid assembly or in 40-lead dual-in-line packages 
for evaluation purposes. 

block diagram 

4096Hi TEST 

SEGMENTS 

FIGURE 1. 

Watches 

features 
• 32 ,768 Hz crystal control oscillator 
• Single 3V supply 

· • Low power dissipation (15µW typical) 

• 3 1 /2 digit (3,function) or 4-digit (4,-function) option 
• 12 hour display format 
• Simple display/set controls 

• Direct drive outputs for LED's 
• Display brightness control 
• On-chip oscillator bias network 

functional description 
A block diagram of the \VIM58104 digital watch chip is 
shown in Figure 1. A chip pad layout is shown in 
Figure 2 and package connection diagram in Figure 3. 

chip pad layout 

I 
142.D 
MILS 

125.75 
I 

136.5- D•oo 0 
SEGg 

1u.os- Oseod 

93.3- OsEGc 

70.4-:- 0SEG~ 

56.0- QLAMP 

48.6- 0TEST 

41.0- 04Hz 

33.5- OcotoN 
25.55- DDIM 

1&.75-04096 

DIGZ 
D 

102.95 

1· 

0 
SEGb 

146.0MILS 

57.J 

80.1!i I I 
0 D 

SE Gt SEGil 

MM58104 
DIMENSIONS TO 

CENTER tlf PADS 

DIGJ 
D 

I I I I 49.85 .66.35 I 

20.95 

41.75 I 10.65 
I I 

0 0 0 
DIS4 DIS 3 SET 

CAP 6osc osc; 
DIG 4 OUT IN 
0 DD 

11J.1s I n~.75 ! 

I· 
D 

I 

8.5 57.8 88.25 123.25 140.Z!i 

connection diagram (Top View) FIGURE2. 
SEGMENTS SEGMENTS DISPLAYS ,__._, 
~ 

LAMP E C D NC VDo G 

.6 

TEST 4 Hi/ COLON OIM 4096 NC 
TEST Hi 
FREQ 

2 1 .._,_.. 
DIGITS 

-4 3 SET NC NC NC NC NC NC NC 

10 11. 12 13 14 15 16 11 18 19 20 

Vss DUTY 3 4 CAP DSC NC NC DSC NC NC NC 
CYCLE "'--" OUT IN 

DIGITS 

FIGURE3. 
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absolute maximum ratings 
Voltage at Any Pin Vss -0.3V to V 00 + 0.3V 

Operating Temperature Range -5°Cto+70°C 

Storage Temperature Range -25°.C to +85°C 

Voo -Vss 5V max 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 
TA within operating temperature range, V55 = GND, 2.4::; V 00 ::; 4.0V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator Start Voltage TA =25°C 2.7 v 
Input Voltage Levels@ Display 3, V00 = 3.0V 

Display 4, Set 

Logical '"1'' 1/2 Voo Voo v 
Logical "O" 300 kO Internal Pull-Down to V88 Open 

Input Voltage Levels @4 Hz/ V00 = 3.0V 

Test Freq, Dtcycl 

Logical "1" V 0 o-0.25 Voo v 
Logical "O" Vss V55+0.25 v 

Input Voltage Levels@ Lamp, Test V00 = 3.0V 

Logical "1" 1 MO Internal Pull-Up to V 00 Open 

Logical "O" Vss V55+0.25 v 
Input Current @Display 3, Display 4, Set V,N = Voo. Sink Only, Voo = 3.01/ 30 50 µA 

Input Current@ Lamp and Test V 1N = Vss, Source Only, V00 = 3.0V 30 50 µA 

Output Curren_! Levels@ Segment Drivers V 00 = 2.7V 

"ON'' Source VquT = V 0 o - 0.5V 7 10 15 mA 

"OFF" VouT = Vss + 1.1V 50 µA 

Output Current Levels@ Digit Drivers V00 = 2.7V 

"ON" Sink VouT = Vss + 0.6V 50 70 mA 

"OFF" VouT = 2.0V, All Digit Drivers 2 µA 
Tied in Parallel 

Output Current _Level @ COLON V00 = 2.7V 

"ON" Sink VouT = Vss + 0.7V 6 mA 

"OFF" Vo~T =V00 -1.6V 0.5 µA 

Output Current Levels @ 4096 Hz, V00 = 3.0V 

4 Hz/Test Freq. 

Logical "1," Source VouT = V00 - 0.5V 10 µA 

Logical "O," Sink VouT = V55 + 0.5V 10 µA 

Supply Current (1 00 ) f = 32,768 Hz, TA = 25°C, 5 10 µA 

V00 = 3.0V, Unused Inputs Open, 

Outputs Open 

Supply Current (I 00 ) TA= 25°C, V55 , OSC IN & Dtcycl@ GND, 0.05 1 µA 
V00 = 3.0V, Unused Inputs Open, 

Outputs Open 

Input Capacitance f = 1.0MHz 

OSCOUT VIN= 0.0V 8 pF -
CAP All Other Pads GND 37 pF 

All Others 5 pF 

Input Voltage Level @DIM V 00 = 3.0V 

Positive-Going Threshold (VT+) 1.5 v 
Negative-Going Threshold (VT_) 1.0 v 
VT+ - VT- H.ysteresis 0.5 v 

Input Current@ DIM V1N = Vss. Voo = 3.0V, Source Only 0.3 µA 
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functional description (con't) 

Time Base: The precision time base of the watch is 
provided by the interconnection of a 32,768 Hz quartz 
crystal and the RC network shown in Figure 4 together 
with the CMOS inverter/amplifier provided between the 
oscillator in and oscillator out terminals. Resistor R 1 is 
necessary to bias the inverter for class A amplifier 
operation. Resistor R2 is required in order to (a) reduce 
the voltage sensitivity of the network; (b) limit the 
power dissipation in the quartz crystal; and (c) provide 
added phase shift for good start-up and low voltage 
circuit performance. Capacitors C1, C2 and C3 provide 
the parallel load capacitance required for precise tuning 
of the quartz crystal. The RC network except the trim 
capacitor C3 is int.egrated on-chip. 

The network shown provides > 100 ppm tuning range , 
when used with standard X-Y flexure quartz crystals 
trimmed for CL ~ 12 pF. Tuning to better than ±2 ppm 
is easily obtainable. 

The 4096 Hz output or 4 Hz output can be used to 
monitor the oscillator frequency during initial tuning 
without disturbing the network itself. 

Display Multiplexing: Outputs from each counter are 
time-division multiplexed to provide digit-sequential 
access to the time data. Thus, instead of requiring 28 
leads to interconnect a four digit (7 segments/digit) 
watch, only 11 output leads are required. The character 
display font and segment identification is shown in 
Figure 5. Figure 6 shows the interconnection of a LED 
watch system. The 4-digit outputs, colon output and the 

R1 
10M 

7-segment outputs of the MM58104 are designed to 
interface directly with the NSC0101 LED display. The 
four digits of the LED display are multiplexed with a 
25% duty cycle, 1024 Hz signal during Display. The 
digit drivers are turned off by the internally generated 
inter-digit blanking signal during the change of digits to 
allow the segments .to change without "ghosting" of 
the Display. When MM58104 is used as shown in the 
typical application of Figure 6, the segment on currents 
are typically 9 mA. The NSC0101 LED Display gives 
excellent brightness unde~ these drive conditions. 

The switch· inputs "Display 3" and "Display 4" of the 
MM58104 are to be used for 3 and 4-function LED 
watches,' respectively. However, "Display 3" can be 
connected to an inertial switch for HOURS-MINUTES 
Display in a 4-function· watch. In subsequent paragraphs, 
the term "Display" will take the place of "Display 3" 
and/or "Display 4," unless otherwise specified. 

Time Display: The DATE and HOUR-MINUTES/ 
SECONDS displays are controlled by a normally open 
switch connected. to "Display" input as shown in Figure 
6. DATE or HOUR is displayed in digit positions 1 and 
2_ MINUTE or SECOND is displayed in digit positions 
3 and 4. Colon output will be "ON" except when the 
Display involves· DATE. Th.e two colon dots are to be 
connected in parallel with their anodes to V DD and 
cathodes to the "COLON" output. · 

Closure of the "Display" switch will cause HOUR
MINUTES to be displayed for 1.25 ±0.125 seconds. 

CMOS INVERTER R2 
200k 

_LC1 :rc2. 
Voo 

osc 
OUT 

AP 

-- -
32.768 Hz ____ ... D ----· 

8pF 437pF 

Voo Of Vss 

FIGURE 4. Crystal Oscillator Network 
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Holding the "Display" switch closed after the time-out 
of HOUR,MINUTES display will cause SECONDS .to 
be displayed until the "Display" switch is open. SEC
ONDS will blink while displayed. Each value is visible 
for, 0.25 second and blank for 0.75 second, HOURS 
digits can display values 1-12 with an AM indicator., 
which is the F segment of digit 1. Leading zero values 
of hours are blanked. MINUTES or SECONDS digits 
can display values from 00 to 59. All zero values of 
minutes or seconds are displayed. 

Closure of the "Display 4" switch twice before the 
time-out of HOURS-MINUTES display will cause 
DA TE to be displayed for 1.25 ±0.125 seconds. Holding 
the "Display" switch closed will continueDATE display 
until the switch is open. Date digits can display values 
from 1 to 31. Leading zero values of Date are blanked. 

Time Setting: A normally open switch .connected to 
the "Set" input is used in conjunction with the "Dis
play" switch to set date, hours, minutes and synchronize 
seconds. 

DATE: Closure of the "Display 4" switch twice and 
holding it closed will cause DATE to be displayed 

ZERO ONE TWO 

FIVE SIX SEVEN 

continuously. Closure of the "Set" switch will then 
advance DATE at a 2 H~ rate until the "Set" or both 
switches are opened. Seconds, Minutes and Hours 
counters continue normal counting during this condition. 

HOURS: Closure of the "Set'' switch will cause HOURS
MINUTES to be displayed and will advance HOURS at a 
2. Hz rate until the "Set" switch is opened. Seconds and 
Minutes counters continue normal counting during this 
condition. 

MINUTES: Closure of both "Display" and "Set". 
switches will cause HOURS-MINUTES to be displayed 
and will advance MINUTES at a 2 Hz rate after both 
switches have been closed for 0.75 to 1.0 seconds. When 
the minutes count is correct, opening the "Set" switch 
while keeping the "Display" switch closed will cause 
HOURS-MINUTES to be displayed and Hold the watch. 
HOURS-MINUTES will blink while displayed, visible 
for 0.25 second and blank for 0. 75 second. The seconds 
counter is reset and held at 00 during Minutes setting 
or during the Hold Mode. All counters resume their 
normal counting \"fhen both "Set" and "Display" 
switches are opened. With the "Display" switch closed, 

THREE FOUR 

EIGHT NINE 

SEGMENT IDENTIFICATION 

FIGURE 5. Character Display Font 
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functional description (con't) 

a closure of the "Set" switch for less than 0.75 second 
will reset the seconds counter to 00 without advancing 
the minutes. 

There is no roll-over of the higher counters while the 
lower time counters are being set. For example, while 
setting Minutes a 59 to 00 transition will not advance 
the Hours counter. ' 

Contact Bounce: Debounce circuitry is provided on the 
"Display" and "Set" inputs to remove any logic uncer-. 
tainty upon either closure or release of switches provit:led 
switch bounce settles within 20 ms. 

Display Brightness Control: The display brightness is a 
function of digit on-time which is a fraction of the digit 
multiplexers. The digit on-time varies from 1/8 to 7/8 
of the digit multiplexer in steps depending on the logical 
levels of both "DIM" and "DTCYCL" inputs as shown 
in Table L The "DIM" input has an internal pull-up 
resistor which will hold the open input at a logical 
"1." The logical levels at the "DIM" input can be 
established by a network as shown' in Figure 6. 

Test Points: Four pads are provided for test purposes. 

4096 Hz: is an output. A 4096 Hz symmetrical signal 
is brought out for oscillator tuning. 

4 Hz/TEST FREQ: is an i~put/output under the co~trol 
of "TEST." When "TEST" is open or at a logical "1," a 
4 Hz signal will appear on the "4 Hz/TEST FREQ 
pad." If "TEST" is at a logical "O," the "4 Hz/TEST 
FREQ pad" becomes an input and any frequency 

·connected to it will replace the normal internal 4 Hz 
signal. This feature •is provided to allow high speed 
functional testing of the watch system., 

TEST: is an, input. It is Osed to control "4 Hz/TEST 
FREO"as .described above. An internal pull-up resistor 
will normally hold the "TEST' input to a logical ~·1." 

LAMP: is an input: When "LAMP" is at logical "O," all 
segmen.ts will be forced to an "ON" condition under 
control of the normal 25% duty cycle of the digit 
drivers. An internal pull'up resistor will normally hold 
the "LAMP" inputto a logical "1.'' 

Voo 

NSIL 
Beta 60-+!ID 

V00 DIM DSC 
DUT 

DISPLAY 4 -{: MM58104 

Voo 

1.5V 

COLON 
ANODES 

SET 
DTCYCL t-------- V00 OR Vss 

• SEGMENTS DIGITS 
Vss 1-g COLON 1-4 

(7) 14) 

The, DOT in th~.first digit is tied to segment bus "F ," 
ltisusedastheAMindicator. 

NSC0101 
L~D DISPLAY 

FIGURE 6. Typical Application of MM58104 in LED Digital Watch System 

TABLE I. Display Brightness Control 

DIGIT ON-TIME 
DTCYCL DIM 

(Fraction of Digit Multiplexer) 

1 1 7/8 

1 0 2/8 

0 1 4/8 

0 0 1 /8 
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Watches 

MM58115 digitally tuned direct drive 6-function LED watch 
general description 
The MM58115 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that provides or 
controls all signals needed for a 4-digit, 6-function LED 
watch. The display format is 12 hours. The circuit time 
base is a 32,768 Hz. crystal controlled oscillator. This 
time base frequency is successively divided· to provide 
drive signals for a multiplexed 9,segment, alphanumeric 
LED display of HOURS-MINUTES, .DAY-DATE, 
MONTH-DATE or SECONDS upon demand. A month 
counter is provided to control the count sequence of 
the Date counter. Inputs are also provided to digitally 
tune the time base (i.e., no tuner capacitor is required). 
The MM58115 uses one button for display purposes. 
Both segment and digit outputs can be directly inter
faced with 100 mil LED displays of the NSC9101 type. 
Special circuitry is included to provide uniform digit-to
digit brightness. The device operates from a single 2.4V 
to 4V supply. The MM58115 is available as unpackaged 
die suitable .for hybrid assembly or in a 40-lead dual-in
line package for evaluation purposes. 

block diagram. 

Ci\P1~ 

"''°"'l T 
-::r· ":" 

CYCLE o-----+ 
H9//llllN o-----+ 

v 0 0 o------+-

SEGMEi\ITS 

features 
• No external parts except the battery, LED display 

and crystal 

• Single button display control 
• Direct drive output~· 
• Digital tune network 

• Uniform display brightness 

• 32,768 Hz crystal controlled operation 

• Single 3V supply 

• Low power dissipation (10µW typ) 

• Secon'ds, Minutes, Hours, Day,of-Week, Date and 
Month operation 

• 4 year calendar 

• 4-digit, 6-function, 12-hour display format 

• Simple display/set controls 

• Alphanumeric display 

• Display brightness control 

• AM/PM indication during set hours 

• Month indication during set month 

• Test features 

i} DIGITS 

FIGURE 1. 
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' 
absolute maximum ratings 

Voltage at Any Pin Vss - 0.3V to Voo + o.3V 
Operating Temperature Range -5°C to +70°C 
Storage Temperature Range -25°C to +85°C 

Voo-Vss 5Vmax 
Lead Temperature (Soldering, 10 seconds) 300°C 

. 

electrical characteristics 
' 

TA within operating temperature range, Vss = Gnd, 2.4-::s; VoD-::;; 4V unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

·Oscillator Start Voltage TA= 25°C 2.7 v 
Input Voltage Levels at Cycle, 

Set/Display, Hour/Min 

Logical "1" 1 00 k.Q Internal Pull-Down 112vDD VDD v 

Logical "0" to Vss Open 

Input Voltage Levels at 4 Hz/ 

Test Frequency 

Logical "1" VDD-0.25 VDD v 

Logical "O" Vss vss+o.25· v 
Input Voltage Levels at Lamp, Test 

Logical "1" 100 k.Q Internal Pull·Up to Voo Open 

Logical "O" Vss Vss+0.25 v 

Input Voltage Levels at Duty Cycle 

Logical "1" No Pull-Up (Must Be Bonded) Voo v 
Logical "O" Vss v 

Input Voltage Levels at Dim Duty Cycle= Vss 

display duty cycle= 21.875% 5 MU Pull-Down to Vss Open Vss+o.3 -v 

display duty cycle = 9.375% VoD-0.5 VoD v 

Input Voltage Levels@ A/D, Pl-PB 10 M.Q Internal .Pull-Down to 

Logical "1" vss VoD-0.25V VDD v 
Logical "O" Open 

Input Current at Cycle, Set/Display, VDD = 3V, V1N = VoD. 30 50 µA 

Hour/Min Sink Only 

J.nput Current at Lamp, Test Vpo = 3V, V'1N = Vss. 30 50 µA 

Source Only 

Input Current @A/D, P1, P2, P4, PB VDD = 3V, V1N = VDD 

Logical "1" 350 nA 

Logical "0" 

Input Capacitance f = 1 l\llHz, V1N = OV, All Other 

Pads Gnd 

Osc. Out B pF 

CAP1 37 pF 

CAP2 15 pF 

Ali Others 5 pF 

Output Current Levels at Segment Drivers VDD = 2.1v 
"ON," Source VouT = VoD - o.5v 7 10 15 mA 

"OFF," Leakage vouT = VDD -1.1v 50 µA 
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electrica I characteristics (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Current Levels at Digit Drivers Voo - 2.1v 
"ON," Sink (6 or .7-segment display) Vout - Vss + o.6v 50 70 mA 

(5 or 4-segment display) If Colon is "ON," Add 2 mA 60% of 6 or 7-segment current 
(1, 2 or 3-segment display) to Digit 4 Sink Current 46% of 6 or 7 -segmen.t current 

"OFF," Leakage VouT - ·2V. All Digit Drivers 2 
Tied in Parallel. 

Output Current Levels at 4 Hz/Test 

Freq, 4096 Hz, 8 Sec. 

Logical "1," Source VouT - Voo - o.6v 10 

Logical "O," Sink vouT - vss + o.6v 10 
\ 

Supply Current (loo) TA- 25°C, f - 32,768 Hz, 3.5 7 

Unused Inputs Open, Outputs 

Open 

Supply Current (loo) TA - 25°C, Vss, .Osc. In, Duty 0.05 1.5 

Cycle Control at Gnd, Voo - 3V, 

Unused Inputs Open, Outputs 

Open 

functional description 
A block diagram of the MM58115 direct drive digital 
watch is shown in Figure 1. The chip pad layout is 
shown in Figure 2 and package connection diagram 
in Figure3. 

Time Base: The prec1s1on time· base of the watch is 
provided by the 32,768 Hz crystal controlled oscillator, 
which consists of quartz crystal, a CMOS inverter/· 
amplifier and the RC network shown in Figure 4. 
Resistor R 1 biases the inverter for class A amplifier 
operation. Resistor R2 (a) reduces the voltage sensitivity 
of the network; (b) limits the power dissipation in the 
quartz crystal; and (c) provides added phase shift for 
good start-up and low voltage circuit performance. 
Capacitors Cl and CEFF in series provide .the parallel 

16.0 

DIG 1 

1281 Vss 
119.7 DIG3 

111.7 OIG4 

103.7 4096Hz 

95;7 SSEC 

87.3 Pl 

79.3, P2 

63.2 97.2 130.0 143.0 

----178.D----

MM58115 
NOTTO SCALE 

DIMENSIONS TO CENTER OF PADS 
(ALL PADS ARE 5.0 X 5.0 MIL MINIMUM) 

Voa 

load capacitance required for precise tuning of the 
quartz crystal. The network shown in Figure 4 provides 
greater than 100 pprri tuning range when used with 
standard X-Y flexure quartz crystals trimmed for CL -
12 pF and a 5-36 pF trim capacitor. If digital tuning 
is used, the tuning range is ±114 ppm and no trim 
capacitor is required. 

Cap 1: This pin is used with Oscillator Out to add_ more 
capacitance to the oscillator RC network shown in 
Figure4. 

Cap 2: This pin is used with Oscillator In to form tl:ie 
RC network shown. in Figure 4 if the digital tµning is 
to be used. 

140.1 SEGMENTB SEGMENTF 

Voo SEGMENTH 

SEGMENT G SEGM~NT A 

··SEGMENT D •• 117.ft NC LAMP 

NC SET/DISPLAY 

•• CYCLE 

SEGMENT C HRJMIN 
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DIGITZ 4 Ht/T£STFREO 

µA 

µA 

µA 

µA 

µA 

67.J~ P4 I 
"i' 

•• DUTY CYCLE CONTROL 

47.1 

39.1 

31.1 

PB 

AIO 

CAP I 4Hl 
TE;:iT 

CAP DIM FREQ 

asciascJDTI 
OUT IN CYCLE 

'"' I HR/ 
TEST MIN CYCLE SET LAMP 

o-~l--t-+-+-+--+--+-~~~-+-1-+~-+~+--+~~-' 

D 9.7 126.6 137.6 151.5 

FIGURE 2. Pad Layout 
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functional· description (Continued) 

Display Control: The TIME and DATE display sequence 
is controlled by normally open switches connected to' 
SET/DISPLAY, and HOUR/MINUTE (inertial switch) 
inputs.' With the display "OFF.'' depressing the SET/ 
DISPLAY switch will activate the HOIJR-MINUTE 
display .. This display will remain "ON" for .1.25 seconds 
±0.125 seconds. l·f the switch is still held in at the end 
of this time out, SECONDS will be displayed blinking 
"ON" for 0.25 seconds and ;'OFF" for 0.75 seconds 
until the SET/DISPLAY switch is released. If during the 
HOUR-MINUTE display, the SET/DISPLAY switch is 
released and depressed a second time, the date wm be· 
displayed as DAY-DATE. The DAY-DATE display will 
remain "ON ... for 1.25 seconds ±0.125 seconds and turn 
"OFF" automatically if the. SET/DISPLAY switch has 
been released. Holding the SET/DISPLAY switch past 
the display time out will cause the watch to display 
MONTH-DATE information until the SET/DISPLAY 
switch is released or until the SET/DISPLAY switch has 
been depressed longer than 2.0 seconds ±0.125 seconds. 
If held longer than 2 seconds, the MONTH-DATE dis
play will return to DAY-DATE display. MONTH-DATE 
and DAY-DATE display will continue to alternate 
until the SET/DISPLAY switch is released. DAY
DATE will be displayed for 1.25 seconds and MONTH
DA TE will be displayed for 0. 75 seconds before the 
sequence starts to repeat, TIME may also be displayed 

. in the MM58115 by activating the HOUR/MINUTE 
input. The HOUR/MINUTE input is used wittr an 
inertial switch that is normally open. Closing the switch 
activates the HOUR/MINUTE display. This display will 
remain "ON" for 1.25 seconds ±0.125 seconds and then 
turn "OFF" automatically. 

Time Setting: The setting sequence is controlled by a 
normally open switch connected to the Cycle Input. 
Depressing the CYCLE switch will advance the watch to 
the next set mode. Figure 5 is a flow diagram showing 
the display and set functions for the M M58115. 

Set Hour Mode: With the watch in the normal Run 
mode and the display "OFF," depressing the CYCLE 
switch will put the watch into the Set Hour Mode. 
In this mode, HOURS will be displayed in digit positions 
1 and 2 followed by the colon. An A or a P will be 
displayed in digit position 4 to indicate AM .or PM, 
respectively. Depressing the SET/DISPLAY switch will 
advance the HOURS counter at a 2 Hz rate. If neither 
the SET/DISPLAY switch nor the CYCLE switch are 

C1 
6-36pf 

CEFF 

TBpF 
Vss 

Note 1. 32,768 Hz anti-resonant quartz crystal, CL= 12 pf 

FIGURE 4(a). Oscillator RC Network 
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depressed for 5.25 seconds ±0.125 seconds, the watch 
will automatically return to the Run mOde. Depressing 
the CYCLE switch while in the Set Hours mode will 
advance the watch to the Set Minutes mode. 

Set Minutes Mode: The Set Minutes mode will display 
minutes in digit positions 3 and 4 preceded by the colon. 
Depressing the SET/DISPLAY switch while still holding 
in the CYCLE switch will enable the hold flag but will 
not allow advancement of the MIN UTE counter. Depres
sing the SET/DISPLAY switch after the CYCLE switch 
has been released resets and holds the SECOND counter, 
enables the hold flag, and advances the MINUTE 
counter at a 2 Hz rate. If neither switch is depressed for 
5.25 seconds ±0.125 seconds while the watch is in the 
Set Minutes mode, the watch will automatically return 
to the Run mode. if m.inutes have.not been set. D.epressing 
the CYCLE switch while in Set Minutes mode will 
advance the watch to the Set Day Mode. 

Set Day Mode: The Set Day mode will display DAY
OF-THE-WEEK in digit positions l and 2. Depressing 
the SET/DISPLAY switch while in the Set Day mode 
will. advance tlie DAY counter at a 2 Hz rate. If neither 
switch has been depressed for 5.25 seconds ±0.125 sec
conds while in the Set Day mode, the watch .will autci
matically return to the Run mode if the hold flag was 
not set or will jump to the Hold mode if the hold flag 
was set. Depressing the CYCLE switch while in the Set 
Day mode will advance the watch to the Set Date mode. 

~et Date Mode: The Set Date mode will display DATE 
in digit positions 3 and 4. Depressing the SET/DISPLAY 
switch while in the Set Date mode will advance the 

' DATE counter at a 2 Hz rate. If neither the SET I 
DISPLAY nor the CYCLE switches have been depressed 
for 5.25 seconds ±0.125 seconds while in the Set Date 
mode, the watch wiU automatically return to the Run 
Mode if the hold.flag was not set. Depressing the CYCLE 
switch while in the Set Date mode will advance. the 
watch to the Set Month inode. 

Set Month Mode: The Set Month mode will display 
MONTH in digit positions 3 and 4 and an M in digit 
position 1. Depressing the SET/DISPLAY switch while 
in the Set Month mode will advance the MONTH counter 
at a 2 Hz rate. If neither the SET/DISPLAY nor the 
cycle swi.tches have been depressed for 5.25· seconds 
±0.125 seconds while in the Set Month mode, the watch 

R2 
20Dk 

CE ff 

TB pf 

Vss 

FIGURE 4lbl. Oscillator RC Network If Digital Tuning is Used. 



functional description (Continued) 

will automatically return to the Run mode if the hold 
flag was not set, or will advance to the Hold mode if 
the hold flag was set. Depressing the Cycle switch while 
in the Set Month mode will advance the watch to the 
Hold mode if the hold flag was set; otherwise, the watch 
will advance to the Run mode. 

Hold Mode: In the Hold mode the SECOND counter is 
held at 00, and the HOUR-MINUTE display will blink 
"ON" for 0.25 seconds and "OFF" for 0.75 seconds. 
Depressing the SET/DISPLAY switch will place the 
watch in the display HOUR/MINUTE mode for 1.25 
seconds ±0.125 seconds. Depressing the Cycle switch 
while in· the Hold mode will advance the watch to· the 
Set Hour mode. There is no roll-over of the next higher 
counter while a counter is being set at a 2 Hz rate. 

Month Counter: The MONTH counter. provides "smart 
Date." The DATE counter will count 28 days in Feb
ruary, 30 in April, June, September and November, 
and 31 in the remaining months. 

SID 

Contact Bounce: Debounce circuitry is provided on the 
SET/DISPLAY, CYCLE, and HOUR/MINUTE inputs to 
remove any logic uncertainty upon either closure or 
release of the switches. 100 ms debounce protection is 

. provided for SET/DISPLAY and CYCLE inputs and 
200 ms protection is provided for the HOUR/MINUTE 
input. 

Display Multiplexing: The counter data selected to be 
displayed is time-division multiplexed to provide digit
sequential presentation to the LED display. This reduces 
the number of outputs required to drive the 4-digit 
display to thirteen (9-segment drivers and 4-digit drivers). 
The display font is shown in Figure 6. Figure 8 is a 
schematic diagram of a typical LED watch using the 
MM58115 watch chip. The segment and digit drivers 
are designed to interface directly with the LED display. 
The four digits of the LED display are multiplexed with 
a 23% duty cycle, 1024 Hz signal during the display 
period. The digit drivers are disabled for 32µs at the 
beginning of each digit enable time to allow the segment 

r------- -·--+-- -----1 
S/D 

DISPLAY 
OAY/DATE 

MONTH/DATE 

SID• SET/DISPLAY 
H/M =HOUR/MINUTE 

C=i:YCLE 
- - - • TIME·OUT ROUTE 

FIGURE 5(a). MM58115 Flow Diagram 
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HOURS 
OAY 

m 
0 0 

R 

MINUTES (SECONDS) 
OATE (MONTH) 

R 

28 

FIGURE 5(b). Set Display Font 

SET HOURS 

SET MINUTES 

SET DAY 

SET DATE 

SET MONTH 

HOLD 



functional description (Continued) 

decoding circuitry adequate time to switch to the next 
digit's information. This eliminates the possibility of 
"ghosting" information between digits. 

Colon Output: Colon information is present on the 
"h" and "i" segment outputs during digit position 4. 

Dim Input: The Dim Input is a 2-level input. This input 
has a pull-down to Vss to hold it normally at a logical 
"O." In this condition with Duty Cycle Control at Vss 
the display will normally be at maximum intensity. 
With the Dim input at VoD. the display will be at 
3/7 of the full intensity. If the Dim input is at VDD 
and the Duty Cycle Control input is at Vss; maximum 
intensity will be 3/7 of full intensity. With the Dim 
input at VDD· the display intensity will be reduced to 
1/7 of full intensity. Figure 7 shows the switching 
threshold ranges for the Dim Input. 

SUNDAY 

0 0=8 
D 0 U 
THURSDAY 

MONDAY 

FRIDAY 

Duty Cycle Control: The Duty Cycle Control Input is 
used with the Dim Input to determine the intensity of 
display. The duty cycle range is shown in Figure 7. 

Digital Tuning: To digitally tune the time base, A/D, 
Pl, P2 P4 and PB inputs are used. A/D input either 
adds or deletes pulses into the counter chain. Pl, P2, 
P4 and PB inputs determine the number of pulses to 
be added or deleted from the counter chain in a specific 
time period. Each pulse added or deleted "tunes" the 
time base by 7 .6 ppm. An 8-second output pad is 
provided to easily check the time base frequency. When 
A/D is open (internal pull-down to Vssl or at Vss. 
pulses are deleted. If A/D is tied to VDD· pulses are 
added into the counter chain. P1, P2, P4 and PB inputs 
have internal pull-downs to Vss. which is a logical "O." 
When these inputs are tied to VDD· they are at a logical 
"1." Table I shows the tuning range for each input code. 
If the Digital Tuning scheme is not used, leave all inputs 
open. 

0 
D 

/J 0 n r; 
U=Li 

TUESDAY 

SATURDAY 

o o a= non n= 
t.t=:JU Lb 

WEONESDAY 

FIGURE 6. Display Font 

21.875% DUTY CYCLE 

9.375% DUTY CYCLE 

DUTY CYCLE CONTROL DIM INPUT DISPLAY TIME/DIGIT DISPLAY CONDITION 

Vss > VDD -o.5v 9.375% l...ow Ambient light 

<vss+0.3V 21.875% High Ambient Light 

VDD > VDD -0.5V 3.125% Low Ambient light 

< vss+o.3v 9.375% High Ambient Light 

FIGURE 7, Dim Input Levels 
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functional description (Continued) 
Test Points: Five pads are provided for test purposes. 

8 Seconds: This output is used with A/D, Pl, P2, P4 
and PB to digitally ti.me the time base frequency. 

4096 Hz: This pad outputs a 4096 Hz signal th~t can be 
used for oscillator tu~ing. 

4 Hz/Test Frequency: This is an input/output pad 
under the control of the Test input pad. When "Test" 
is at a logical !'O," the 4 Hz/Test Freq pad becomes an 
input and any frequency connected to it will replace 
the normal internal 4 Hz signal. This feature is provided 
to allow high speed functional testing ~f the watch 
system. When "Test" is open or at a logical "1," a 4 Hz 
output wiil appear on the 4 Hz/Test Freq pad. 

Test: This pad is used as an input to control the 4 Hz/ 
Test Freq pad. An internal pull-up resistor will normally 
hold "Test" at a logical "1." Changing the Test input 
from a logical "1" to a logical "O" will generate a reset 
pulse which will set the internal counters to 1 AM on 
Sunday, January the first. The watch is now in a known 

· state for testing. 

Lamp: When the Lamp input is at a logical "O," all 
segments of the display will be forced to an "ON" 
condition under control of the normal 23% duty cycle 
of the digit drivers. An internal pull-up resistor will 
normally hold the Lamp input at a logical "1." 

Voo '+-:J_ . 

SET/DISPLAY 

TABLE I. Digital Tuning Table 

P1 P2 P4 PS ~f (ppm)· 

0 0 0 0 0 

1 0 0 0 7.63 

0 1 0 0 15.26 

1 1 0 0 22.89 

0 0 1 0 30.52 

1 0 1. 0 38.15 

0 1 1 0 45.78 

1 1 1 0 53.41 

0 0 0 1 61.04 

1 0 0 1 68.57 

0 1 0 1 76.29 

1 1 0 1 83.92 

0 0 1 1 91.55 

1 0 1 1 99.18 

0 1 1 1 106.81 

1 1 1 1 114.44 

A/D is 1 to· add to frequency 
AID is 0 to slow down frequency 
Procedure: Monitor 4096 Hz output, 
determin'e frequency shift desired. 
bond AID, P1, P2, P4, PS to·the correct 
code. 8 second pad will be at the correct 
frequency. 

Voo. Vss 

f,:-c~ 
Vss 

CYCLE 

'--------1 DUTY CYCLE CONTROL 

•oo--"Wlr-------------1 DIM 
500k±20% 

MM58115 DIGIT 2 11 

NSC9101 

NS IL 

BETA 
240-360 Vss 

ENABLE ! 
6-36pF 

SEGMENT ENABLE 

CAP 

ABCDEFGHI 

FIGURE 8(al. System Schematic for MM58115 LED Watch 



functional description (Continued) 

NSC 9101 

P4 

SET/DISPLAY 

CYCLE 

Voo 

._--------I DUTY CYCLE CONTROL 

CAP i MM58115 

OSC IN 

OSC OUT 

CAP 1 

SEGMENT ENABLE 

A/O 

(' 
DIGIT 2 

ENABLE ~ 

ABCDEFGHI 

Flf3URE S(b). System Schematic for MM58115 Digitally Tuned LED Watch 
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Watches 

MM58117, MM58118, MM58119, MM58120 LCD watch circuits 
general description 
The MM58117, MM58118, MM58119, and MM58120 
are low threshold voltage, ion implanted, metal-gate 
CMOS integrated circuits that provide or control all 
signals needed for a 3-1/2 digit LCD watch. The circuit 
time base is a 32,768 Hz crystal controlled oscillator. 
This time base frequency is counted down to provide 
proper signals to display Hours-Minutes information 
continuously with Month-Date or Seconds information 
available upon demand. Time is displayed in 12 hour 
format. 23 phase controlled outputs are available for 
direct drive of a 3-1 /2 digit liquid output display (LCD). 
The 32 Hz output serves as the backplane drive for the 
LCD. All four parts operate on a single 1.3-1.7V supply. 
An on-chip voltage multiplier using external capacitors 
is used to provide the drive voltage for the display. 
The MM58117 and MM58118 have on-chip voltage 
doublers which provide .2.5V minimum at lµA load 
current. The MM58119 and MM58120 have on-chip 
voltage triplers which provide 3.8V minimum at lµA 
load current. Alternatively, the MM58117 and MM58119 
provide a 256 Hz output pulse and the MM58118 and 
MM5il120 provide a 1024 Hz output pulse that can be 
used to drive an inductive up-converter off chip. The 
Regulate input can be used to suppress this output 

block diagram 

REGULATE 

OSC OUT 

TEST 32 Hz/BACKPLANE 1/0. 

FRED. 
SELECT 

pulse to regulate the voltage generated. The Regulate 
pad is not present on the MM58117, MM58119 versions. 
A Test input can be used to convert the 32 Hz output 
into an input for testing the divider circuitry at a higher 
frequency. All four parts are available as unpackaged 
die suitable for hybrid assembly or in 40-lead dual-in-line 
packages for evaluation purposes. 

features 
• Direct continuous LCD drive capability 
• 32, 768 Hz crystal control led operation 
• Single 1.5V battery operation 

• Low power dissipation 
• 3-1/2 digit, 12 hour display 

•· 4 year calendar 

• Seconds, Month, and Date display upon demand 
• Colon display 

• Simple 2 button sequential setting 

• Auto reset feature (MM58118 and MM58120) 
• On-chip capacitive voltage multiplier 
• Regulated bipolar drive also available (MM58118, 

MM58120) 

Vee .;;J CAPl CAP2 

VOLTAGE 
MULTIPLIER 

----OVoo 

1--+----------t------t------t-----<; COLON 

OUTPUT 
STROBE 

OUTPUT 
SEGMENT 2 
LATCHES 

22·SEGMENT 
OUTPUTS 

FIGURE 1 
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abso.lute maximum ratings 
Voltage at osc IN, osc OUT, 256/1024 Hz 
Regulator, Set/Display, Cycle, Stop, Phase 3 
Voltage at Any Other Pin 
Operating Temperature Range 
Storage Temperature Range 

Voo -VEE 
Voo -Vss 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

Voo+0.3V to Vss-Q.3V 

Voo+o.3V to VEE-0.3V 
--5°C to +70°C 

-25°C to +85°C 

8.0V 
3.0V 

300°C 

TA within operating range, Voo - Vss = 1.5V, Voo - VEE= 4.5V unless otherwise noted. 

PARAMETER 

Oscillator Start Voltage 

Oscillator Sustaining Voltage 

Input Voltage Levels 

Set/Display, Cycle 

Logical "1" 

Logical "O" 

BP/J2 Hz Input 

Logical "1" 

Logical "O" 

Test, Stop -Logical "1" 

Logical "O" 

Input Current Levels 

Set/Display, Cycle 

Test 

Stop 

Input Capacitance 

OSC IN, 

Output Voltage Levels 

Segment Drivers 

Logical "1" 

Logical ''O" 

BP/J2 Hz Output 

Logical "1" 

Logical "O" 

256/1024 Hz 

Logical "1" 

Logical "O" 

Output Current Levels 

Phase J 

Logical "1," Source 

Logical "O," ~ink 

CAP 1 

Phase 1. Source 

Phase 2, Sink 

Phase J, Leakage 

CAP2 

Phase 1 , Sink 

Phase 2, Leakage 

VEE, 

Phase J, Sink 

CONDITIONS 

TA= 25°C, (Note 1) 

TA= -5°C, (Note 1) 

Internal Pull Down to Vss 

Internal Pull Down to VEE 

V1N =Voo 

V1N =VDD 

V1N = Voo. VEE= Vss + O.JV 

f=1 MHz,V1N=OV 

All Other Pads GND 

VouT.: VoD - 0.2V, VoD - VEE= JV 

VouT =VEE+ 0.2V, Voo - VEE= JV 

Vour = VoD - 0.2V, VDD - VEE= JV 

Vour =Vee+ 0.2V, Voo - VEE= JV 

vouT = voo - o.2v. VDD - vss = , .5V 

VouT = Vss + o.Jv, voo - Vss = 1.5V 

Voo - Vss = 1.4V, Voo - VEE= 4.2V 

Vour = VoD - 0.25V, Phase 2 < 1 .5 ms 

vouT = Vss + o,25v 

VouT = VoD - o.25V 

VouT = Vss + o.25v 

Vour = VoD - J.ov 

vour = vss + o.25v 

VoiJT = VeE + 1 .5V 

CAP 2 = Voo - 4.2V, 

Vour = v 00 - J.95V 

7·41. 

MIN 

1.4 

1.J 

VDQ-0.25 

VDD-0.25 

VEE 

v 00-o.25 

0.2 

4 

4, 

40 

40 

30 

300 

7.5 

35.0 

7.5 

20.0 

35.0 

250 

TYP MAX 

VDD 
Open 

VDD 

VEe+0.25 

VDD 
Open 

10.0 

15 

0.5 

5 

0.6 

0.6 

UNITS 

v 

v 

v 

v 

v 

\/ 

v 

v 

µA 

µA 

µA 

pF 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µA 

µ.A 

~ 
~ 
Ut co :::: co 

~ 
~ 
Ut co .... 
N 
0 

I 

I 

i 

• 
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N ..- electrical CharacteristiCS (Continued) TA w;thin operating range, VDD - V55 • 1.5V, VDD -VEE• 4.5V unless otherw;re noted. 
CIO 
LC) 

::?! 
::?! 
O') .... .... 
CIO 
LC) 

::?! 
::?! 
CIO .... .... 
CIO 
LC) 

::?! 
::?! 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current (I DD) r A= 25°C, I EE= 1µA, f = 32,768 Hz, 

Doubler Operation VDD,; 1.5v 3.0 5.0 µA 

Tripler Operation 6.0 8.0 µA 

Voltage Regulator Input Current V1N = VDD - 0.75} MM58118, MM58120 0.2 1.0 µA 

TA= 25°C Only 

Voltage Regulator Switching VoD-0.4 VDD-1.1 v 

Threshold 

256/1024 Hz Pulse Width 13 17 µs 

Supply Voltage (VEE) 
IEE= 1µA, f = 32,768 Hz, 
r. , .. ,. , . '·""'"'· 

Doubler Operation 
VDD -Vss= 1:5V, (Figure9J, 

2.5 v 

Tripler Operation 3.8 v 
(Note 1) 

Note 1: In oscillator network shown in Figure 4. 

functional description 
A block diagram of the Watch Chip is shown in Figure 1. 
A chip pad layout is shown in Figure 2 and a package 
connection diagram in Figure 3. 
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The MM58117 and MM58118 contain an on-chip 
voltage doubler for display drive and the MM48119 and 
MM48120 contain an on-chip voltage tripler. 
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functional description !Continued) 

Time Base: Ttie precision time base of the watch is pro
vided by connecting a crystal controlled RC network to 
the on-chip CMOS inverter/amplifier as shown in Figure 
4. For proper operation, the network should be tuned to 
32,768 Hz. Resistor R 1 is used to bias the on-chip in
verter for class A amplifier operation. Resistor R2 is 
used to (a) reduce the voltage sensitivity of the network; 
(b) limit the power dissipation in the quartz crystal; and 
(c) provide. added phase shift for good start-up and low 
voltage circuit performance. Capacitors Cl and C2 in 
series provide the. parallel load capacitance required for 
precise tuning of the quartz crystal. The network shown 
in Figure 4 provides greater than 100 ppm tuning range 
when used with standard X-Y flexure quartz crystals 
trimmed for CL = 13 pF. Tuning to better than 2 ppm is 
easily obtainable. 

OSCIN 

CZ 
!i-36pF 

CMOS INVERTER 

RI , ... 

---101---.. 
"'""' CL =12pF 

DSC OUT 

"' .... 

Cl 
45pf 

L---------+-Voo OR Vss 

.FIGURE 4. Crystal Oscillator Network 

The 256/1024 Hz output or the 32 Hz output can be 
used to monitor the oscillator frequency during initial 
turiing without disturbing the network itself. 

DISPLAY CONTROL 

The Hour:Minute, .Month Date, and Second displays are 
controlled by a normally open switch connected to the 
Set/Display input. Month and Hour are displayed in digit 
positions 1 and 2. Date, Minute, and Second are dis
played in digit positions 3 and 4. 

The circuit will normally display Hour and Minute. with 
the colon flashing at a 1 Hz rate (Figure 5). Depressing 
the Set/Display switch will cause Month and Date to be 
displayed with no colon. The display will automatically 
return to Hour and Minute display 2.25 ±0.25 seconds 
after the Set/Display .switch has been released. Depress
ing the Set/Display switch a second time while the 
Month and Date are being displayed will cause the 
Second to be displayed until the Set/Display switch is 
again depressed, returning the display to Hour and 
Minute. 

The MM58117 and MM58119 have an additional display 
mode that can be used. by depressing the Cycle switch 
while the watch is in the first display mode described 
above. The second display mode will alternately display 
Hour:Minute and Month Date for a period of 2 seconds 
each. Depressing the Set/Display switch will cause the 
Second to be displayed. Depressing the Set/Display 
switch again will return the watch. to the second display 
mode. 
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~ 
HOURS COLON llliJNUTES(SECONDS) 
MONTH DATE 

FIGURE 5. Time Display 

Leading zero values of month, date, and hours are 
blanked. The circuit contains a 4 year calendar which 
will automatically reset the Date Counter to 1 and 
advance the Month Counter at the end of each month 
(except for February in Leap Year). The character dis
play font is· shown in Figure 6. 

o =u 
0 o: 

=o 
:o ~=~ o= 

:o 
o= =u o~o o=o o=o 
o:o 0 o:o :o o=o 

FIGURE 6. Character Display Font 

SETTING CONTROL 

A normally open switch connected to the Cycle input is 
used in conjunction with the Set/Display switch to set 
Month, Date, Hour, Minute, and synchronize Second 
information. · 

MM58118, MM58120 

Hour: With the watch in the di,splay mode, depressing 
the Cycle switch will put the watch in the Set Hour 
mode. In this mode the Hour will be displayed in digit 
positions 1 and 2 followed by the colon and either an A 
or a P (for AM or PM) displayed in digit position 4. 
While in this mode depressing the Set/Display switch will 
advance the Hour Counter at a 1 Hz rate until the Set/ 
Display switch is r1lleased. 

Minute: Depressing the Cycle switch while the watch is 
in the Set Hour mode will advance it to the Set Minute 
mode. In this mode the Minute will be displayed in digit 
positions 3 and 4 preceeded by the colon. Depressing the 
Set/Display switch while still holding the Cycle switch in 
will cause the Hold mode to be activated but will not 
advance the Minute counter. Depressing the Set/Display 
switch after the Cycle switch has been released will cause 
the Hold mode to be activated and will advance the 
Minute counter at a 1 Hz rate as long as the switch is 
held in. 

Month: Depressing the Cycle switch while the watch is 
in the Set Minute mode will .advance it to the Set Month 
mode. In this mode the Month will be displayed in digit 
positions 1 and 2 with no colon. Depressing the Set/ 
Display switch will cause the Month counter to be 
advanced at a 1 Hz rate as long as the switch is he·ld in. 

~ 
~ 
(JI 
00 
::::t 
00 



functional description (Continued) 

Date: D.epressing the Cycle switch while the watch is in 
the Set Month mode will advance it to the Set Date 
mode. In this mode the Date will be displayed in digit 
positions 3 and 4 with. no colon. Depressing the Set/ 
Display switch will cause the Date counter to. be advanced 
at a 1 Hz rate as long as the switch is held in. 

Hold: If the Hold mode was activated while in the Set 
Minute mode, depressing the Cycle switch while in the 
Set Day mode will advance the watch to the Hold mode. 
In this mode Hour:Minute will be displayed flashing at a 
1 •Hz rate. The Second counter will be held at 00. 
Depressing the Set/Display switch will advance the 
watch to the normal run mode with Month:Date dis
played and release the Second counter to begin normal 
operation. Depressing the Cycle switch will place the 
watch in the Set Hour mode with the Hold mode still 
activated. If the Hold mode was not activated while in 
the Set Minute mode, depressing the Cycle switch while 
in the Set Date mode will advance the watch to the Run 
mode with Hour:Minute displayed. 

While in any of the above set modes if no switches are 
activated for 5.25 ± 0.25 continuous seconds the watch 
will automatically jump to the Hold' mode if it was acti· 
vated in the Set Minutes mode or to the Run mode if the 
Hold mode was not activated. There is no roll over of 
the. next higher counter while a counter is being set. For 
example, while in the Set Minute mode, advancing the 
Minute counter from 59 to 00 will not advance the Hour 
counter. 

HOLD 

SET 
HOUR 

SH MINUTE 
SET HOLD 

SET 
MONTH 

SET 
DAY 

Automatic time-out routes 

---+ 

User controlled routes ....,.---. 

OISP 
SECOND 

FIGURE 7(a). MM58118, MM58120 Control State Diagram 

7-44 

MM58117, MM58119 

The MM58117 and MM58119 setting procedure is 
similar to that of the MM58118, except that the setting 
sequence is as follows: 

1. Set Month 

2. Set Date 

3. Set Hour 

4. Set Minute/Hold 

There is no 5.25 second time-out while in the setting 
mode and the watch will stay in each set mode until it is 
advanced to the next mode. The Cycle switch is used to 
advance from the Set Minute state to the first display 
state. The colon will !:)link on and off while time is 
being displayed unless the Hold mode is activated, 
forcing the colon to remain on continuously. During the 
second display mode, the colon will remain on during 
time display. Depressing the Set/Display switch while i.n 
either one of the two display states will cause the Hold 
mode to be cleared, allowing the watch to begin normal 
operation. 

Control state diagrams for the MM58117, MM58118, 
MM58119 and the MM58120 are provided in Figurel. 

OISP 
MONTH DATE 
CLEAR HOLD 

DISP 
.SECOND 

CLEAR HOLD 

SET 
MONTH 

SET 
DATE 

SET 
HOUR 

SET MINUTE 
SET HOLD 

- - - +- Automatic time-out routes 

__..User controlled routes 

OISP 
SECOND 

FIGURE 7(b). MM58117, MM58119 Control State Diagram 



functional description (Continued) 

Stop Input: This input pad has an internal resistor to 
VEE holding it normally at a logical "O." A logical "1" 
at stop will force all of the display segments "OFF" 
and stop the oscillator, placing the watch in a static 
mode to decrease power dissipation during extended 
periods of storage. 

Contact Bounce: Debounce circuitry is provided on the 
Set/Display and Cycle inputs to remove any logic 
uncertainty upon either closure or release of switches 
provided switch bounce settles within 20 ms. 

Segment Outputs: The Segment outputs are designed 
to drive field-effect liquid crystal displays. Each display 
segment has its own output which furnishes the proper 
32 Hz drive signal. By definition, the segment is "OFF" 
when its drive signal is in phase with the display back
plane signal (BP/32 Hz). The segment is "ON" when its 
drive signal is 180° out of phase with the display 'back
plane signal. Typical output waveforms are shown in 
Figure 8. 

Colon Output: The Colon output provides a 32 Hz 
phase controlled signal identical to the segment outputs. 
The colon will blink at a 1 Hz rate during time display 
mode (except for display mode one with the Hold 
mode activated, and display mode two in the MM58117, 
MM58119) and remain on continuous while displaying 
time (Hours or Minutes) during the setting operation. 

VOLTAGE MULTIPLIER OUTPUTS: 

256/1024 Hz: The 256/1024 Hz pad is provided to 
drive a bipolar transistor which, in conjunction with a 

Voo 
COMMON 

Voo 
SEGMENT 

coil or transformer, generates the higher voltage needed 
for the display. A typical circuit is shown in Figure 9. 
The output waveform is shown in Figure 10. The 
MM58118, MM58120 provides a 1024 Hz output pulse 
while the MM58117, MM58119 provides the 256 Hz 
output pulse. 

Voltage Regulator: The Regulator input is used in con
junction with a zener diode to shut-off the 1024 Hz 
output to regulate the level of the VEE supply voltage. 
The Regulator input is provided on the MM58118 and 
MM58120 only. 

Test Pads: Two pads are provided for test purposes. 

BP/32 Hz:: This input/output pad is under the control of 
Test. When Test is open or at a logical "O," a 32 Hz 
signal is provided on BP/32 Hz which can be used to 
drive the backplane of the LCD unit or to monitor the 
oscillator frequency without affecting the oscillator cir
cuitry. If Test is at a logical "1," the BP/32 Hz pad is 
converted into an input and any frequency connected to 
it will replace the normal internal 32 Hz signal. This 
feature is provided to allow high speed advancement of 
the internal counters for testing purposes. 

Test: This input pad is used ta control the BP/32 Hz pad 
as described above. When the Test pad is at a logical "1," 
the phase-control is disconnected from the segment drive 
outputs and the segment information will be referenced 
to a logical "O" backplane. Switching the Test pad from 
a logical "O" to a logical "1" generates a reset pulse that 
will reset the watch counters to 1 AM on January the 
first. This places the watch into a known state for testing 
purpose. 

1--- OFF ----l~---ON-----1 
' I 

FIGURE 8. Common and Segment Output Signals 
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functional description (Continued) 
20M 

250k 

Voo 

CYCLE ~d 
OSC OUT 

*(For doubler, connect 
single 0.05µF capacitance 
between Phase 3 and Cap 2) 

Vss 

0.05µf 

vDD 

VEE 
BACK PLANE 

SEGMENTS 

a 

D D=D D D=D m~~~D 
D D::u u:u u6u D 

2 ..____,.___, 
HOURS COLON MINUTES 

(SECONDS) 

"ON" CHIP TRIPLER 

20M 

OSC IN DSC OUT 
REGULATE 

MM58118, 
MM58120 

ONLY 

SET/DISP 

CYCLE 

SEGMENTS 

1 2 ..____,.___, 
HOURS COLON MINUTES 

!SECONDS) 

"OFF" CHIP MULTIPLIER 

Voo 
Vss 

H/Z 
DIGIT 
LCD 

3-1/2 
DIGIT 
LCD 

FIGURE 9. Typical Application of MM58117, MM58118, MM58119 and MM58120 in LCD Watch System 

Voo-=u 15µs 
............__ ~ ±Zµs 

Vss u 
1024 Hz (MM58118, MM58120) 
256 Hz (MM58117, MM58119) 

FIGURE 10. 1024 Hz Output 
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Watches 

MM58127, MM58128, MM58129, MM58130 LCD watch circuits 
general description 
The MM58127, MM5S128, MM58129, and MM58130 
are low threshold voltage, ion implanted, metal-gate 
CMOS integrated circuits that provide or control all 
signals needed for a 3 1/2-digit LCD watch. The circuit 
time base is a 32,768 Hz. crystal controlled oscillator. 
Oscillator RC network components are included on 
the circuits. The time base frequency is counted down to 
provide proper signals to display Hours-Minutes informa-. 
tion continuously with Month-Date or Seconds informa: 
tion available upon demand. Time is displayed in 12-hour 
format. 23 phase controlled outputs are available for 
direct drive of a 3 1/2-digit liquid output display (LCD). 
The 32 .Hz output serves as the backplane drive for the 
LCD. All 4 parts operate on a single 1.3~1.7V supply. 
An on-chip voltage multiplier using external capacitors 
is used to provide the drive voltage for the display. 
All circuits have an on-chip voltage doublers which 
provide 2.5V minimum at 1 µA load current or voltage 
triplers which provide 3.8V minimum at 1 µA load 
current. A Test input can be used to convert the 32 Hz 

block diagram 

DSC IN 

OSC OUT 

TEST 32 Hz/BACKPLANE 110 

FREQ. 
SELECT 

output into an input for testing the divider circuitry at 
a higher frequency. All 4 parts are available as unpackaged 
die suitable for hybrid assembly or in 40-lead dual-in
line packages for evaluation purposes. 

features 
• Direct continuous LCD drive capability 

• 32,768 Hz crystal controlled operation 

• Single 1.5V battery operation 

• Low power dissipation 

• 3 1/2-digit, 12 hour display 

• 4 year calendar 

• Seconds, Month and Date display upon demand 

• Colon display 

• Simple 2 button sequential setting 

• On-chip oscillator RC network 

• On-chip capacitive voltage multiplier 

VEE TRIPLE CAP 2 

VOLTAGE 
MULTIPLIER 

---OVao 

~-+----------t-------+-----t-----OCOLON 

CYCLE 0-----+I 

FIGURE 1 

7.47 

OUTPUT 
STROBE 

OUTPUT 
SEGMENT 
LATCHES 

3 • 

22.sEGMENT 
OUTPUTS 

~ 
~ 
U"I 
00 ... 
N ..... 

~ 
~ 
U"I 
00 ... 
w 
0 



0 
CW) 

absolute maximum ratings ... 
Cl) 
LO Voltage at Osc. In, Osc. Out, FouT VDD+0.3V to Vss-0.3V 

:IE Regulator, Set/Display, Cycle, Stop, Double, Triple 

:IE Voltage at Any Other Pin VDD+o.3V to VEE-0.3V 
Operating Temperature Range . -5°C to +70°C 

en Storage Temperature Range -25°C to +85°C 
N ... VDD-VEE 8.0V 
Cl) 

VoD-Vss 3.0V LO 
:IE Lead Temperature (Soldering, 10 seconds) 300°C 

:IE 
electrical characteristics 

Cl) TA within operating range, VDD - Vss = 1.5V, VDD - VEE= 4.5V unless otherwise noted. 
N ... 

MIN co PARAMETER CONDITIONS TYP MAX UNITS 
LO 
:IE Oscillator Start Voltage TA= 25°C, (Note 1) 1.4 v 

:IE Oscillator Sustaining Voltage TA= -5°C, (Note 1) 1.3 v 

,...: Input Voltage Levels 
N Set/Display, Cycle ... co Logical "1" VDD-0.25 VoD v 
LO 
:IE Logical "O" Internal Pull Down to Vss Open v 

:IE BP/32 Hz Input 

Logical "1" VDD-0.25 VDD v 

Logical "O" l.<EE 'VEE+0.25 v 
Test, Stop 

Logical "1" Internal Pull Down to VEE VDD-0.25 VDD v 

Logical "O" Open v 

Input Current Levels 

Set/Display, Cycle V1N = VDD 0.2 10.0 µA 

Test V1N =VDD 15 µA 

Stop V1N = VDD· VEE= Vss + 0.3V 0.5 µA 

Input Capacitance ' f=1MHz,V1N=OV 5 pF 

Osc. In, '· All Other Pads Gnd 

I 
Output Voltage Levels 

Segment Drivers ..... 

! 

Logical "1" VouT = VDD - 0.2V, VDo - VEE= 3V 4 µA 

Logical "O" VouT =VEE+ 0.2V, VDD - VEE= 3V 4 µA 

BP/32 Hz Output 

Logical "l" VouT = VDD - 0.2V, VoD - VEE= 3V 40 µA 

Logical "O" VouT =VEE+ 0.2V, Voo - VEE= 3V 40 µA 

FouT 
Logical "l" VouT = VoD - 0.2V, VDD - Vss = 1.5V 30 µA 

Logical "O" vouT = v 55 + o.3v, VDD - vss = 1.5V 300 µA 

Output Current Levels Voo - Vss = 1.4V, Voo - VEE= 4.2V 

Double, Triple 

Logical "1," Source VouT = VDD - 0.25V, Phase 2 < 1.5 ms 7.5 µA 

Logical "O," Sink vouT = Vss + o.25v 35.0 µA 

Cap. 1 
Phase 1, Source VouT = VDD - o.25v. 7.5 µA 

Phase 2, Sink vouT = Vss + o.25V 20.0 µA 

Phase 3, Leakage VouT = VoD-3.ov 0.6 µA 

Cap.2 

Phase 1, Sink VouT = vss + o.25v 35.0 µA 

Phase 2, Leakage VouT =VEE+ 1.5V 0.6 µA 

VEE 
Phase 3, Sink eap. 2 = VDD - 4.2V, 250 µA 

VouT = v 00 - 3.95V 
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electrical characteristics (Continued) 

TA within operating range, Voo - Vss = 1.sv; Voo - VEE= 4.5V unless otherwise noted. 

PARAMETER 

Supply Current (loo) 

Doubler Operation 

Tripler Operation 

256/1024 Hz Pulse Width 

Supply Voltage (VEEI 

Doubler Operation 

Tripler Operation 

CONDITIONS 

{
TA= 25°C, IEE= 1µA, f = 32,768 Hz, 

VDo = 1.sv 

IT A= 25°C, C = 0.04 7µF, 

IEE= lµA, f = 32,768 Hz, 

VDo - Vss = 1.5V, (Figure 91, 

(Note 1) 

Note 1: In oscillator network shown in Figure 4. 

functional description 

MIN 

13 

2.5 

3.8 

TVP MAX UNITS 

3.0 5.0 µA 

4.0 7.0 µA 

17 µs 

v 
v 

A block diagram of the Watch-Chip is shown in Figure 1. 
A chip pad layout is shown in Figure 2 and a package 
connection diagram in Figure 3. 

The MM58127 and MM58128 contain an on-chip 
voltage doubler for display drive and the MM58129 .and 
MM58130 contain an on-chip voltage tripler. 
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functional description (Continued) 

Time Base: Th.e precision time base .of the watch is pro
vided by connecting a crystal controlled RC network to 
the on-chip CMOS inverter/amplifier as shown in Figure 
4. For proper operation, the network should be tuned to 
32,768 Hz. Resistor Rl is used to bias the on-chip in
verter for class A amplifier operation. Resistor R 2 is 
used to (a) reduce the voltage sensitivity of the network; 
(b) limit the power dissipation in the quartz crystal; and 
(c) provide added phase shift for good start-up and low 
voltage circuit performance. Capacitors Cl and C2 in 
series provide the parallel load capacitance required for 
precise tuning of the quartz crystal. The network shown 
in Figure 4 provides greater than 100 ppm tuning range 
when used with standard X-Y flexure quartz crystals 
trimmed for CL ; 13 pF. Tuning to better than 2 ppm is 
easily obtainable. 

OSC IN 

CMOS INVERTER 

Rl 
20M 

R2 
100k 

OSC OUT 

Voo 

rl 
8pF 37pf 

DSC CAP 

DI----+------' 
C2 

5-J6pf 

Voo OR V55 

FIGURE 4. Crystal Oscillator Network 

The 256/1024 Hz output or the 32 Hz output can be 
used to monitor the oscillator frequency during initial 
tuning without disturbing the network itself. 

DISPLAY CONTROL 

The Hour: Minute, Month Date, and Second displays are 
controlled by a normally open switch connected to the 
Set/Display input. Month and Hour are displayed in digit 
positions 1 and 2. Date, Minute, and Second are dis
played in digit positions 3 and 4. 

The circuit will normally display Hour and Minute with 
the colon flashing at a 1 Hz rate (Figure 5). Depressing 
the Set/Display switch .will cause Month and Date to be 
displayed with no colon. The display will automatically 
return to Hour and Minute display 2.25 ±0.25 seconds 
after the Set/Display switch has been release.d. Depress
ing the Set/Display switch a second time while the 
Month and Date are being displayed will cause the 
Second to be displayed until the Set/Display switch is 
again depressed, returning the display to Hour and 
Minute. An option is available to display Minutes unit 
and Seconds in this mode. 

All versions have an additional display mode that can be 
used by depressing the Cycle switch while the watch is 
in the first display mode described above. The second 
display mode will alternately display Hour:Minute and 
Month Date for a period of 2 seconds each. Depressing 
the Set/Display switch will cause the Second to be 
displayed. Depressing the Set/Display switch again will 
return the watch to the second display mode. 
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~ 
HOURS COLON MINUTES (SECONDS) 
MONTH DATE 

FIGURE 5. Time Display 

Leading zero values of month, date, and hours are 
blanked. The circuit contains a 4 year calendar which 
will automatically reset the Date Counter to 1 and 
advance the Month Counter at the end of each month 
(except for February in Leap Year). The character dis
play font is shown in Figure 6. 

FIGURE 6. Character Display Font 

SETTING CONTROL 

A normally open switch connected to the Cycle input is 
used in conjunction with the Set/Display switch to set 
Month, Date, Hour, Minute, and synchronize Second 
information. 

Month: Depressing the Cycle switch while the watch is 
in the Alternating Display mode will advance it to the 
Set Month mode. In this mode the Month will be dis
played in digit positions 1 and 2 with no colon. Depres
sing the Set/Display switch will cause the Month counter 
to be advanced at a 1 Hz rate as long as the switch is 
held in. 

Date: Depressing the Cycle switch while the watch is in 
the Set Month mode will advance it to the Set Date 
mode. In this mode the Date will be displayed in digit 
positions 3 and 4 with no colon. Depressing the Set/ 
Display switch will cause the Date counter to be advanced 
at a 1 Hz rate as long as the switch is held in. 

Hour: With the watch in the Set Date mode, depressing 
the Cycle switch will put the watch in the Set Hour 
mode. In this mode the Hour will be displayed in digit 
positions 1 and 2 followed by the colon and either an A 
or a P (for AM or PM) displayed in· digit position 4. 
While in this mode, depressing the Set/Display switch will 
advance the Hour Counter at a 1 Hz rate until the Set/ 
Display switch is released. 

Minute: Depressing the cycle switch while the watch is 
in the Set Hour mode will advance it to the Set Minute 
mode. In this mode the Minute will be displayed in digit 
positions 3 and 4 preceeded by the colon. Depressing the 
Set/Display switch while still holding the Cycle switch in 
wil I cause the Hold mode to be activated but will not 
advance the Minute counter. Depressing the Set/Display 
switch after the Cycle switch has been released will cause 
the Hold mode to be activated and will advance the 
Minute counter at a 1 Hz rate as long as the switch is 
held in. 



functional description (Continued) 

Hold: The Cycle switch is used to advance from the Set 
Minute state to the first display state. The colon will 
blink on and off while time is being displayed unless the 
Hold mode is activated, forcing the colon to remain on 
continuously. During the second display mode, the. 
colon will remain on during time display. Depressing the 
Set/Display switch while in either one of the two display 
states will cause the Hold mode to be cleared, allowing. 
the watch to begin normal operation. 

Control state diagrams for the watch are provided in 
Figure 7. 

Options are available for 1 or 2 Hz setting rate. In addi
tion, a further option allows a fast set at 4 times the 
normal rate by pushing both Set/Display and then the 
cycle switch. 

Stop Input: This input pad has an internal resistor to 
VEE holding it normally at a logical "O_" A logical"l" 
at stop ·will force all of the display segments "OFF" 
and stop the oscillator, placing the watch in a static 
mode to decrease power dissipation during extended 
periods of storage. 

Contact Bounce: Debounce circuitry is pr9vided on the 
Set/Display and Cycle inputs to remove any logic 
uncertainty upon either closure or release of switches. 

Segment Outputs: The Segment outputs are designed 
to drive field-effect liquid crystal displays. Each display 
segment has its own output which furnishes the proper 
32 Hz drive signal. By definition, the segment is "OFF" 
when its drive signal is in phase with the display back
plane signal (BP/32 Hz)_ The segment is "ON" when its 
drive sign~l .is 180° out of phase with the display back
plane signal. Typical output waveforms are shown iri 
Figure 8. · · 

DISP 
MONTH DATE 
CLEAR HOLD 

DISP 
SECOND 

CLEAR HOLD 

SET 
MONTH 

SET 
DATE 

SET 
HOUR 

SET MINUTE 
SET HOLD 

- - - +. Automatic time·out routes 

---+-User controlled routes 

FIGURE 7. Control State Diagram 
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SECOND 
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Colon Output: The Colon output provides a 32 Hz 
phase controlled signal identical to the segment outputs. 
The colon will blink at a l Hz rate during time display 
mode (except for display mode one with the Hold 
mode activated, and display mode two in the MM58l l 7, 
MM58l 19) and remain on continuous while displaying 
time (Hours or Minutes) during the setting operation_ 

TEST PADS 

Three pads are provided for test purposes. 

Four The 256/1024 Hz pad is provided for oscillator 
tuning. 

BP/32 Hz: This input/output pad is under the control of 
Test. When Test is open or at a logical "O," a 32 Hz 
signal .is provided on BP/32 Hz which can be used to 
drive the backplane of the LCD unit or to monitor the 
oscillator frequency without affecting the oscillator cir
cuitry. If Test is at a logical "1," the BP/32 Hz pad is 
c;onverted into an input and any frequency connected to 
it .will replace the normal internal 32 Hz signal. This 
feature is provided to allow high speed advancement of 
the internal counters for testing purposes. · 

Test: This input pad is used to control the BP /32 Hz pad 
as described above. When the Test pad is at a logical "1," 
the pflase-control is disconnected from the segment drive 
outputs and th~ segment information will be referenced 
to a logic<1I "O" backplane. Switching the Test pad from 
a l,ogical "O" to a logical "1" generates a reset pulse that 
will reset the watch counters to 1 AM on January the 
first. This places the watch into a known state for testing 
purpose. 

Options: ·Various mask options of the basic part type 
are available as standard parts. These are described in 
Table I. Other combinations· of th.ese options can also 
be made upon special request. 
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FIGURE 8. Common and Segment Output Signals 
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(W') o; functional description (Continued) 

&n 
::E . 
:!: TABLE I. Stanc:lard Available Options 

PART NO. MOUNTING FouT 
DEBOUNCE SETTING RUN 2 

FREQUENCY RATE RATE 

MM48127 Front 1024 8 Hz 2 Hz/8 Hz 1/4 Hz 

MM48128 Sack TO BE DETERMINED 

MM48129 Front 256 1 16 Hz 
11 Hz 11/4 Hz l 

MM48130 Back 1024 8 Hz 2 Hz/8 Hz 1/4 Hz 

2DM 

Z5Dk 

USC IN OSC 0 UT ------I TRIPLE 

*(For doubl~r. connect single 
0.05 µ F capacitance betWeen 

·double and Cap 2) 

CAP 2 SET/DISP 

VEE 
BACK PLANE 

1 2 
~ 

SEGMENTS 

HOURS COLON 

CYCLE 

MINUTES 
(SE CO NOS) 

"ON" CHIPTRIPLER 

3 !/2·DIGIT 
LCD 

FIGURE 9. Typical Application in LCD Watch System 

::~--:~~: lJ 
1024 Hz (MM5812B. MM58130) 
256 Hz (MM58127. MM58129) 

FIGURE 10. 1024 Hz Output 
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Calculators 

MM5734 8-function accumulating memory calculator 

general description 

The single-chip MM5734 calculator was developed using 
a metal-gate P-channel enhancement and depletion mode 
MOS/LSI technology with a primary object of low end
product cost. A complete calculator as shown in Figure 1 
requires only the MM5734 calculator chip, an X-Y matrix 
keyboard, an NSA 1198 or NSA 1298 LED display and a 
9V battery. 

Keyboard decoding and key debounce circuitry, all 
clocks and timing generators, power-on dear, and 7-
segment output display decoding are included on-chip, 
and require no external components. Segments and digits 
can usually be driven directly from the MM5734, as the 
segments typically source 8 mA of peak current and the 
digit drivers sink 20 mA min. 

Leading zero suppression and a floating negative sign 
allow convenient reading of the display and conserve 
power. The MM5734 is capable of sensing a low battery 
voltage and indicates this by displaying a decimal point 
in digit eight. Up to 8-digits for positive numbers and 7 
for negative numbers can be displayed, with the negative 
sign displayed in the 8th position. Typical current drain 
of a complete calculator displaying five "5's" is 25 mA. 

connection diagram 

Dual-In-Line Package 

D4 28 05 

DJ 27 07 

D2 26 D6 

D1 25 DB 

K1-+S D9 
Pin Description 

The MM5734 is capable of decoding a keyboard matrix 
as shown in Figure 1. Three possible models are shown 
in Figure 2. Figure 2(c) illustrates a keyboard scheme 
which includes all 8 functions with only 23 keys by 
using a function key (F). 

features 

• 8-digit, (7-negative), capacity 

• 8functions (+,-, x.~. x2,..,/X. 1/X, %) 

• Convenient algebraic notation 

• Fully protected accumulating memory (M+, M-) 

• Automatic constant independent of memory 

• Floating input/floating output 

• Power-on clear* 

• On-chip oscillator* 

• Direct 9V battery compatibility 

• Low system cost 

• Direct digit drive of LED display 

• Low cost X-Y keyboard matrix 

*Requires no external components 

keyboard outline 

F* CS* %* D9 

F* x2* EX* DB 

-* M+* M-* -;-* 07 v 

l/X* MR* MC* %* D6 

1/X ,/"' x2 • D5 

K1-K4 Keyboard Inputs 
x D4 K2 Vaa 

KJ 

K4-+B 21 s, 

DSC 20 Sb 

s9 ++10 19 NC 

IN1-+11 18 s, 

Sap 12 17 sd 

s, 1J f6 s, 

Vss 14 15~1N2 

TOP VIEW 

Order Number MM5734N 
See Package 23 

IN1, IN2 
osc 

D1-D9 
S8 -S9 
SDP 

0 

Voo 
Vss 

General Purpose Inputs 
Programmable as - DJ 
External Oscillator 
Digit Outputs + DZ 

Segment Outputs 
01 

Decimal Point Segment CF 

Output K4 KJ K2 K1 

General Purpose Output *oouble Function Key 
-9 Volts 
0 Volts 
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absolute maximum ratings 
Volume at Any Pin Relative to Vss Vss +0.3V to V55-12V 

operating voltage range 
6.SV :S Vss - Voo :$ 9.SV 

(All Other Pins Connected to Vssl 
Ambient Oparating Time 
Ambient Storage Time 
Lead Temperature (Soldering, 10 seconds) 

0°C to +70°C 
-65°C to +150°C 

300°C 

de electrical characteristics 

PARAMETER 

I DD Operating Supply Current 

Keyboard Scan IFJput Levels 

CKl K4 

V1H Logical High Level 

V1L Logical Low Level 

CONDITIONS 

Voo = Vss -9.5V, TA~ 25°C 

VoD = Vss -6.5V 

Voo = Vss -9.5v 

VDo = Vss-6.5V, l1L '.S:-80µA 

. Voo = Vss-9.5V, l1L '.S:-80µA 

IOH 

IOL 

VOH 

VOL 

Segment Output Current 

Digit Output Current 

Logical High Level 

Logical Low Level 

Ready Output 

Logical High Level 

Logical Low Level 

Keyboard Resistance 

Kl, K4 

VouT = Vss -1.0V, VDo = Vs5-6.5V 

VouT = Vss -5.ov. VDD = v 55 -a.ov 

VouT = Vss -6.5V, Voo = V55-9.5V 

VouT = Vss-2.0V, VDD = Vss -6.5V 

vouT = Vss -3.ov 

VoD = Vss -6.5V 

IOUT = -550µA 

iouT = 5µA 

ac electrical characteristics 

PARAMETER 

Display Word Time 

Display Digit Time 

lnterdigit Blanking Time (Segment 

Outputs) 

Ready Transition Times 

High·to·Low 

Low·to·High 

Digit Output Transition Times 

High·to·Low 

Low· to-High 

Keyboard Inputs 

High-to-Low Transition Time After Key Release 

Key Bounce-Out Stability Time 

(The time a keyboard input must be 

continuously lower than the maximum 

logical low level to be accepted as a key 

closure, or higher than the minimum 

logical high level to be accepted as a 

key release.) 

Worst·Case Calculation Ti me 

CONDITIONS 

(Figure 3) 

(Figure3) 

(Figure 3) 

VDD = Vss-6.5V 

CL= 50 pF 

8·3 

MIN 

2.9 

0.32 

11. 7 

MIN 

Vss-4.0 

v55-4.o 

VDo 

VDo 

-2.5 

-300 

20 

TYP 

175 

8 

3 

6 

TYP 

8 

-8 

MAX 

15 

Vss 

Vss 

Vss-6.o 

Vss-6.3 

-12 

VDD+6.o 

5 

MAX 

15.4 

1.71 

20 

1 

61.7 

0.56 

UNITS 

mA 

v 
v 
v 
v 

mA 

mA 

mA 

µA 

mA 

v 
v 

K 

UNITS 

ms 

ms 

µs 

µs 

µs 

µs 

µs 

µs 

ms 



functional description 
The MM5734 is a calculator chip which contains five 
data registers: ( 1) entry, (2) accumulator, (3) 2 working 
and (4) memory, each consisting of 8 digits, sign, and 
decimal point. The entry register is always displayed. It 
contains digit entries from the keyboard, and results of all 
functions except M+ and M-. The accumulator is used in 
all arithmetic functions and stores a copy of the entry 
register on all results. This allows another number to be 
entered without losing an intermediate result. Multiply 
and divide requires three registers to perform the function 
and save the divisor, or multiplier. The working register 
is provided to perform these functions in conjunction 
with the entry and accumulator registers. A second 
working register is used to store the constant in chain 
operations while performing x2 or 1/X. This allows 
chain operation using x2, 1 /X and y'x. 

The memory register is used only to store a number to be 
used later. It is fully protected during all operations, 
and is only modified by depressing a "MS," "M+," or 
"M-" key. Power-on clears all of the registers including 
the memory register. 

K4 

K3 

The MM5734 performs the "+," "-," "X" and "7" 
functions using algebraic notation. This requires the use 
of a mode register and a terminate flag. The mode 
register directs the machine to the proper function (add, 
subtract, multiply or divide) with each new key entry. 
After the function has been performed, the key entered 
is used to modify the mode register. 

The terminate flag is set on "~"and sometimes on "%" 
and "C." This signifies the end of the problem. The 
MM5734 allows for full floating entries and intermediate 
results. 

If the terminate flag is set, a "+," "-," "X" or "7" key 
signals the beginning of a new problem. The number 
being displayed is copied into the accumulator register 
and the mode register assumes the mode of the key 
entered. The terminate flag is always reset by the "+," 
"-," "X" and "7" keys. 

~ NSA1198 

D9 oa 01 os os 04 03 oz a 1 

MM5734 ~ 

~ n! 
~~==-' -r 

~ N:-, 
~·:~,i~~~N 

N-,' .·,~~ 
~k~k 
~~~N. 

~ 

01 02 03 04 05 06 07 OB 0.i "ON·OFF" 

FIGURE 1A. Complete Calculator Schematic 

K4 KJ K2 Kl 

FIGURE 1 (b). Optional Keys FIGURE 1(c). Optional Kiws 
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OPERATION IN THE ADD ANO SUBTRACT MODE 

~i E~ 09 

~~~~.Dl 
0 

cs % 09 1/X MR MC % 06 

1/X ..J x2 • 05 .j"M+M- 0 Dl 

7 B 9 x 04 

4 5 6 - DJ 

1 2 J + 02 

C· 
0 = CF 01 

A 

FIGURE 2 

If the terminate flag is set, an "=" key will result in a 
constant add/subtract. The number in the accumulator 
will be added to (or subtracted from) the number being 
displayed. The result is right-justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered, allowing for constant operations. 

If the terminate flag is not set and a number has been 
entered from the keyboard, or memory register, a "+," 
"-," "X" or "+" key will result in an addition or sub
traction. The entry register will be added to or subtracted 
from the accumulator and the new running total will be 
displayed in the entry register and copied into the 
accumulator register. The mode will be altered according 
to which key is entered. 

If the terminate flag is not set, and a number has not 
been entered from the keyboard, or memory, a "+," 
"-," "X," "+" key will only change the mode register 
to the new key entry. 

If the terminate flag is not set, an "=" key will add/ 
· subtract the number being displayed to/from the number 

in the accumulator register. The number being displayed 
is transferred to the accumulator, and the result of the 
operation is displayed in the entry register. The terminate 
flag is set, conditioning the calculator for constant, add/ 
subtract operation. The number being displayed previous 
to the "=" key is stored in the accumulator as the . 
constant. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag reset, will multiply the accumulator 
by the last entry, divide the result by 100, and display it 
in the entry register. The mode register remains as it 
was in the add/subtract mode. All of the above is re
quired to perform the percent add on or discount 
problems. Depression of an "=" key after the "%" key 
will either tax or diseount the original number as a 
function of the mode register and the last entry. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag set, will shift the decimal point of the 
number being displayed two places to the left and copy 
it into the accumulator register. The mode is set to 
multiply and the terminate flag remains set. 
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Operation in the Multiply Mode 

If the terminate flag is set, an "=" key will result in a 
constant multiply operation. The number being displayed 
is multiplied by the constant stored in the accumulator 
register. The result is displayed in the entry register and 
the accumulator. and mode registers are not alt1ired, 
allowing for constant operation. Repeated depre~ions of 
the "=" key can be used to raise a number to an integer 
power, i.e., "C," "C," "5.2," "X," f'=," "=/' "=," 
computes 5.24. 

The constant in multiplication, as well as in addition, 
subtraction and division is the last number entered. ·For 
the sequence: "C," "C," "3," "+," "4," "X," "2," 
"="the constant multiplier for future problems is 2. 

If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the display w.ill be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. The number 
previously in the entry register is stored in the &ccumu
lator register and the terminat\l flag is set. 

If the terminate flag is not set, and a number has been 
entered from the keyboard or memory register, a "+,'~ 
"-," "X" or "7" key will result in a m!,Jltiplication. · 
The number being displayed will be multiplied by the 
number residing in the accumulator register. The result 
will be copied into the accumulator and displayed in the 
entry register. The mode register is updated as a function 
of the key depressed. 

Operation of the "%" key while in multiply mode looks 
exactly the s&me.as an"=" key ~xcept the decimal pQint 
of the display is shifted two positions to theJe;ft ~re 
the multipr.ication takes place. · 

Oper;ition in the Pivide Mode 

If the terminate flag is set, an "=" key will result in 
constant divide operation. The r1u.mber b.~iffll 9\sB!aveiJ 
is divided. by the constant stored in the ·aceJ,!.mulator 
register. The accumulator and mode re9ist11rs ai'~ no.t 
altered allowing for constant operations. R.lweated. (:le
pressions of the "=" key will result in re~11ted divisi,ons 
by the constant. Thus, it is possible to ral~e a nufiwer to 
a negative power using the sequence "C,'' "C,'' ··:.1." 
"+," "No.,.,, ''=," ''=," etc. 

If the terminate flag is not set, an "=" key Will signal 
the end of a problem. The number in the acc1;11m,.1lttor 
register wi II be dividt;id by the nu.mber beir:ig displayed. 
The result is vansferred tp the enVY register an.ft ,qis· 
played. The terminate flag is set and the divisor i5 stored 
in the accumulator register. 

If the terminate flag is not set, a "+," "~," "X" or('+" 
key will result in a division. The number in. the acc\1mu· 
lator register will be divided by the numtwr befng 
displayed. The results are displayed in the entry regi§ter, 
and a copy of the result is stored in th.e accumulatar. TJW 
mode register is modified to reflect the latest key entry. 

Operation of the "%" key while in divide mode loo~s 
exactly the same as the "=" key except the decimal 
point of the display is shifted two positions tQ the left 
before division takes place. · 



Error Conditions 

If any of the operations mentioned' above generates a 
number larger than 99999999, an error will occur. An 
error is indicated by displaying the 8 most significant 
digits· and sign with all 9 decimal points. The first de
pression of the "C" key will Clear the error condition, 
and all registers except the memory register. 

It is not possible to generate an error during number entry. 
The ninth and subsequent digits entered are ignored. 

Leading Zero Suppression and Negative Sign 

In order to conserve battery power, the MM5734 blanks 
leading zeros on all numbers displ~yed. No more than 7 
decimal digits are permitted. The MM5734 displays 8 
digits for positive numbers, and 7 digits negative, allowing 
the 8·digit position for a negative sign. The negative 
sign floats to the left of the most significant digit on 
numbers containing less than 7 digits. 

Power-On Condition 

The MM5734 has an internal power-on clear circuit 
which clears' all registers. to zero, places the mode to 
add and sets the terminate flag. A zero and decimal 
point are displayed. 

Keyboard Bounce and Noise Rejection 

The M,M5734 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
false or multiple entry standpoint. A simple X· Y key
board matrix can be used wi,th all the necessary decoding 
accomplished within this MM5734. 

A key closure is sensed by the calculator chip,when one 
of the key inputs, Kl, K2. K3, K4, ·is forced more 
negative than the logical low level specified in the 
electrical specifications. An internal counter is started 
as a result of the closure. The key operation begins after 
11 word times if the key input is still at a logical low 
level. As long as the key is held down (and the key input 
remains low) no further entry is allowed. When the key 
input changes to a logical high level, the internal counter 
starts an 11 word timeout for key release. During both, 
entry and release timeouts, th,e key inputs are sampled 
during every display period for valid levels. If they are 
found invalid, the counter is reset and the calculat,ar 
resumes scanning the keyboard. 

The "Ready" signal indicates calculator status. When the 
calculator is in an "idle" state, the output is at a logical 
high level (near Vss). When a key is closed, the.internal 
key entry timer is started. "Ready" remains high until the 
timeout is completed and the key entry is accepted as 
valid, then goes low. It remains at a logical low level 
untH the function initiated by the key 'is completed and 
the key is released. The low-to-high transition indicates 
the calculator has returned to an idle state and a new key 
can be entered. 
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Function of Keys 

Some of the keys operate differently when in the data or 
number entry condition. The MM5734 switches to entry 
condition when entering numbers and leaves this condi
tion after most function keys. The following paragraphs 
which discussed the action of "+," "-," "X," "+"and 
"%" keys and the examples given in later sections will 
act in further explaining these actions. 

Clear Key, "CE/C" 

While in the number entry condition, one depression 
will clear the entry register to zero. The machine then 
leaves the number entry state. 

If the error condition is displayed, one depression will 
clear the error, and all registers except the memory 
register. The machine could not be in the number entry 
condition with the error flag set. 

If the error flag is not set and the machine is not in the 
number entry condition, one depression of "CE/C" key 

· will clear the entry and accumulator registers. It also 
places the machine in the add mode and sets the terminate 
flag. The memory register remains unchanged. 

Number Keys 0-9 

If not in the number entry condition, a number key will 
clear the display and then enter the value of the key into 
the LSD. The digits are displayed as they are entered 
and the machine assumes the number entry condition. 

If in the number entry condition. the entry register is 
shifte,d left one position and the key depressed is entered 
into the LSD. Digits entered after 8 digits positive, or 7 
digits negative, will be ignored. Digits entered after 7 
decimal digits are displayed will. also be ignored. 

Square Root Key ".../X;, 

The square root key extracts the square root of the 
absolute value of the number being displayed in the 
entry register. 

The mode of the calculator remains unchanged. This 
enables square root operations in the middle of chain 
calculations. For example: 

KEY DISPLAY KEY DISPLAY KEY DISPLAY 

A A A A 11 11 

..r v'A x A + 11 

+ v'A B B 5 5 
tl B ..r y'B 16 

..r y'B Ay'B ..r 4 

y'A+y'B 6 6 

11 

9 9 

..r 3 

8 



Square 

Depression of the "X2" key squares the number in the 
display register, and displays the results. The mode of 
the calculator remains unchanged. This enables square 
operations in the middle of chain calculations. 1 

Inverse 

Depression of the "1 /X" key takes the inverse of the 
number in the display register and displays the results. The 

SQUARE PROBLEMS 

KEYS DISPLAY COMMENTS 

72 7 2. 
x2 51 84. Squares display 
7 7. 
cs -7 .. 
x2 4 9. Squares minus numbers 
+ 4 9. Chain capabilities 
8 8. 
x2 64. Squares display (mode 

unchanged) 
1 1 3. Completes addition, termi· 

nates problems 
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mode of the calculator remains unchanged. This enables 
inverse operations in the middle of chain calculations. 

F Key (Function Key) 

The "F" key translates the following key depressed to 
this code of the key below it, Figure 2, if it is a DOUBLE 
FUNCTION KEY. If the CLEAR KEY is the following 
key, the FUNCTION CONDITION is removed leaving 
the calculator in its previous mode. 

INVERSE PROBLEMS 

KEY DISPLAY COMMENTS 

5 5. 
1/X 0.2 Takes inverse of display 
4 4. 
1/X 0. 2 5 Takes inverse 
+ 
8 8 
1/X 0. 125 Takes inverse (mode 

unchanged) 
o. 3 7 5 Completes addition, termi· 

nates problem 



Calculators 

MM5737 calculator-8-digit, 4-function, floating decimal point 
general description 

The MM5737 single-chip calculator was developed using 
a metal gate, P·channe!, enhancement and depletion 
mode MOS process with low end-product cost as the 
primary objective. A complete calculator, as shown in 
Figure 1, requires only a keyboard, DM8864 digit driver, 
nine digit LED display and a 9V battery with appro· 
priate hardware'. 

Keyboard decoding and key c!ebounce circuitry, all 
clock and· timing generatiqn and output 7-segment dis· 
play decoding are all included on-chip and require no 
external discrete components. LED segments can be 
dri.ven directly from the MM5737 as it typically sources 
8.0 mA of peak current. [Note: The typical duty 
cycle of each digit is 0.111; average LED segment 
current is therefore approximately 0.111 (8.0 mA), or 
0.89 mA. Correspondingly, the worst-case average. seg
ment current is 0.111 (5.0 mA), or 0.555 mA.] The 
ninth digit is used for the negative sign of an eight digit 
number, and as an, error indicator. Negative results less 
than eight digits will have the negative sign displayed one 
digit to the left of the most-significant-digit (MSD). The 
DM8864 digit driver is capable of indicating a low 
battery voltage condition by turning on the nint~ digit 
decimal point-which does not hinder the actual calcu
lator operation. 

Leading and trailing zero suppression allows convenient 
reading of the right justified display and conserves 
power. Battery life is estimated to be 10 to 20. hours, 
depending on· battery quality, operating schedule and 
the· average number of digits displayed. 

connection diagram 

The Ready output signal is used to indicate when the 
calculator is performing an operation (Table I). It is 
useful in testing of the device or when the MM5737 is 
used as part of a larger system and is required to inter
face with other logic. (Another feature that is important 
in such applications is the ability to reduce the key 
debounce time from seven word times to four word times 
by forcing the Digit 7 output high during Digit 9 time.) 

features 

, • Full 8-digit entry and display capacity 

• Four functions (+, -, x, 7) 

• Floating negative sign indicator is always displayed 
one digit to left of MSD 

• Convenient algebraic key entry notation 

• Floating p~int input and output 

• Chain operations 

• Direct 9V battery compatibility; low power 

• Direct interface to LED segments 

• No external components are required other than 
display digit driver, keyboard and LED display for 
complete calculator 

• Overflow and divide-by-zero error indication 

• Right justified entry and results, with leading and 
trailing zero suppression 

Dual-In-Line Package 
( 

READY 

DIGITS 2 

DIGIT 1 

DIGIT2 

DIGIT3 

Voo 

SEGME~T d 

SEGMENT g 

SEGMENT b 

SEGMENT I lO 

DECIMAL PT 
11 

v,. 12 

ToPvtEW 
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24 
DIGIT4 

" DIGITS 

22 DIGIT6 

21 
DIGIT7 

20 
DIGIT.8 

19 KEV INPUT 3 (Kl) 

18 KEV INPUT 2 (K2) 

1J KEY INPUT 1 {K1) 

16 SEGMENT e 

15 SEGMENTa 

14 SEGMENT c 

13 
N/C 

Order Number MM5737N 
See Package 22 



absolute maximum ratings 
Voltage at Any Pin Relative to Vss· (All 
other pins connected to Vss). Vss .+ 0.3V to V 55 - 12.0 

0°C to +70°C 

-55°C to +150°C 

300°C 

Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

operating voltage range 
6.5V S Vss -V 0 o :S9.5V 
(V ss always defined as most positive supply voltage.) 

de electrical characteristics 

PARAMETER 

Operating Supply Current (I DD) 

Keyboard Scari Input Levels 
(K1, K2 and K3) 

Logical High Level (V tH) 
Logical Low Level (V1L) 

Digit Output Levels (Note ·1) 
Logical High Level !VoH) 
Logical Low Level (V 0L) 

Segment Output Current 
(Sa through Sg and Decimal Point) 

Ready Output Levels 
Logical High Level (V.oH) 
Logical Low Level (V 0 L ) 

CONDITIONS 

VDD = Vss --9.5V 
TA =25°C 

Vss -U.5V $ Voo $ Vss --9.5V 
VDD = Vss -U.5V 
v DD = Vss --9.5V 

Vss -U.5V $ Voo $ Vss --9.5V 
V 0 o = Vss -U.5V 
V00 = Vss --9.5V 

TA =25°C 
.VouT = Vss -3.8V, VDo = Vss -U.5V 
VouT = Vss -5.0V, Voo = V88 -8.0V 
VouT = Vss -U.5V, VDD = Vss --9.5V 

I OUT = --0.4 mA 
louT = lOµA 

Note 1: With digit connected.through key to K-line and to DM8864. 

ac electrical characteristics 

PARAMETER 

Word Time (Figure 2) 

Digit Time (Figum 2) 

lnterdigit Blanking Time (Figure 2) 

Digit Output Transition Times 
(tRISE and tFALL) 

Keyboard Inputs High to Low 
Transition Time After 
Key Release 

Ready Output Propagation Time 
(Figure3) 

Low to High Level (tpoH) 
High to Low Level (tpoL) 

Key Bounce-out Stability Time 
(The time a keyboard input must be 
continuously higher than the 
minimum logical h.igh level to be 
accepted as a key closure, or con
tinuously lower than the maximum 
logical low level to be accepted .as a 
key release.) 

Calculation Time for 
99999999 + 1 = 99999999 

CONDITIONS 

CLOAD = 100 pF 

CLOAD = 100 pF 

CLOAD = 100 pF 
CLOAD = 100 pF 
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MIN 

-5.0 

MIN 

0.63 

70 

60 
0.06 

4.2 

90 

TYP 

8.0 

-8.0 
-10.0 

TYP 

1.5 

170 

4 

2 

4 

140 
0.5 

10.5 

220 

MAX 

14.0 

Vss-5.0 
Vss-U.O 

Vss-U.O 
V88-7.0 

-15.0 

VoD+l.O 

MAX 

5.2 

580 

480 
1.5 

35 

760 

UNITS 

mA 

v 
v 
v 

v 
v 
v 

mA 
mA 
mA 

v 
v 

UNITS 

ms 

µs 

µs 

µs 

µs 

µs 
ms 

ms 

ms 

I 

I 

I 

• . ' 
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KEYBOARD CALCULATOR CHIP DISPLAY DRIVER LED DISPLAY 

Fl GUR E 1. Complete Calculator Schematic 

TABLE I. Ready Signal Description 

CALCULATOR FUNCTION READY SIGNAL 

Idle READY is quiescently at a Logical High Level ('VV55 ). 

Key Entry and Functional Operation When a key is depressed, the bounce-out stability timer is initiated. 
READY remains high until the bounce-out time is completed and the 
key is entered, at which time it changes to a Logical Low Level ('VV oo ). 

Key Release and Return to Idle READY remains low until key release is debounced and the calculator 
returns to the idle state. The low to high transition signals the return to 
idle. (The display may lag the READY by up to eight word times.) 

KEY INPUT BOUNCE AND NOISE REJECTION 

The MM5737 calculator chip is designed to interface 
with low cost keyboards, which are often the least 
desirable from a noise and false entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the Key Input Lines, K1, K2 or K.3 is forced more 
positive than the Logical High Level specified in the Elec
trical Specifications. At the instant of closure, an internal 
"Key Bounce-out Stability Time" counter is started. 
Any significant voltage perturbation occurring on the 
switched key input during timeout will reset the timer.· 
Hence, a key is not accepted as a valid entry until noise 
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or ringing has stopped and the stability time counter h<1s 
timed out. Noise that persists will inhibit key entry 
indefinitely. Key release is timed in the same manner. 

One of the popular types of low cost keyboards 
available, the elastomeric conductor type, has a key 
pressure versus contact resistance characteristic that can 
generate continuous noise during "teasing" or low pres
sure key depressions. The MM5737 defines a series 
contact resistance up to 50 kU as a·valid key closure, 
providing an optimum interface to that type of keyboard 
as well as more conventional types. 



ERROR CONDITIONS 

In the event of an overflow, the MM5737 will display 
an "E" in the leftmost digit and at least seven of the 
significant digits of the answer. Division by zero results 
in an "E" with eight trailing zeroes. Once in an error 
condition, all keys except the clear key are ignored. 

KEY OPERATIONS 

Clear Key 

· Operation after a number entry clears the entry and 
displays a previous result. Second depression clears all 
registers and displays a zero without decimal point in 
the LSD. Operation after a function key (+, -, x, 7 or=) 
clears all registers and displays a zero without decimal 
point. Two depressions are always required after power 
is applied. 

Number Entries 

First entry clears the display register and enters the 
number into the least significant digit (LSD) of the 
display register. Second through eighth entry shifts the 
display register left one digit and enters the number into 
the LSD. The ninth, and subsequent entries, are ignored 
and no error condition is generated. Because only seven 
positions are allowed to follow the decimal point, the 
eighth and subsequent entries after a decimal point 
entry are ignored. 

DI 
ACTUAL 

DISPLAY: 

D2 03 04 05 

B 7 5 5 L/ 3.1? I 
09 --------~ 01 

Decimal Point 

First depression of this key in a number entry will enter 
a decimal point in the LSD position of the display 
register. Subsequent depressions of the decimal point 
key before any function key will be ignored. 

Add, Subtract, Multiply or Divide Keys 

First depression after a number entry will terminate the 
entry, perform the previously recorded operation, if 
any, and record the function key depressed as the next 
operation to be performed after another number entry. 
Subsequent depressions of any function key, without an 
interceding number or decimal point entry will supersede 
the previous function as the next to be performed. After 
an equal key, the displayed result of the equal operation 
will be re-entered and the function key depressed will 
become the next operation to be performed after a 
number entry is followed by another function key 
(including equal). 

Equal 

First depression after a number entry will terminate the 
entry, perform the previously recorded operation and 
record the fact that an equal key has been depressed. 
Depression after the add, subtract or divide keys, with
out an interceding number or decimal point entry, will 
be ignored. After a multiply key, the number being 
displayed will be squared. 

D6 07 DB 09 

SEGMENT 
DESIGNATION 

FIGURE 2. Display Timing Diagram 
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vs.--·.----. 
DIGIT9 

Voo 
10% 10% 

v., --'f--------.-----.. 
DIGIT1 

sdt,nph!t problems 
I. Single Calculations 

5 x 3.14 = 1!1.-7 

Key 

c 
c 
5 
x 
3 

1 
4 

II. -Chain Calculations 

A. 23.37 + 243.00 -- 489.16 = -222. 79 

Key 

c 
c 

23.37 
+ 

243 
x 

(Wrong !'unction Key) 

489.17 
c 

489.16 

FIGURE 3. Ready Output Timing 

Display 

0 
5 
5 
3 
3. 

3.1 
3.1 4 
1 5.7 

Display 

0 
2 3.3 7 
2 3.3 7 

243 
2 6 6.3 7 

2 6 6.3 7 

4 8 9.1 7 
2 6 6.3 7 
4 8 9.1 6 

-222.79 

Comments 

Two clears are required after power~up. 

Comments 

Function key completes previously recorded ~'+" operation. 

Wrong "X" function key is updated to"-." 

Number entry error is cleared and corrected. Note the. 
floating negative sign. 

8. Find square ro.ot of 169 using a m<idified Newton approximation method. Let N represent the squared number and x0 
the initial ·estimate. The first approximation, X 1 , is 

x, = (N/Xo + Xo )/2. 
It ·x0 is 15, 

x, (169/15 + 15)/2 
X2 (169/X 1 + X1 )/2 
X3 (169/X2 + X2 )/2, etc. 

Key 

c 
c 

169 

15 
+ 
15 

2 

169 

i3.13 

Display 

0 
169 
1 69 

1 5 
11.266666 

1 5 
2 6.2 6 6 6 6 6 

2 
13.133 3 3 3 

169 
1 69 

1 3.1.3 

Comments 

Result is x, 

Four digits are conveniently remembered 
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sample problems (con't) 

II. Chain Calculations (continued) 

Key 

+ 
13.13 

2 

111. Auto Squaring 

A. 5.252 = 27 .5625 

Key 

c 
c 

5.25 
x 

B. 5.255 = 3988.3798 

Key 

c 
c 

5.25 
x 

x 
5.25 

Display 

1 2.8 7 1 2 8 7 
1 3.1 3 

2 6.0 0 128 7 
2 

13.00 0 6 4 3 

Display 

0 
5.2 5 
5.2 5 

2 7.5 6 2 5 

Display 

0 
5.2 5 
5.2 5 

27.5625 
2 7.5 6 2 5 

7 5 9.6 9 1 4 
7 5 9.6 9 1 4 

5.2 5 
3 9 8 8.3 7 9 8 

Comments 

Result is x,. which is usually adequate. If more 
accuracy is required, continue the Iteration. 

Comments 

Number in display register is squared. 

Comments 

Auto square = 5.252 

Auto square = 5.254 

Result is 5.255 
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MM5758 scientific calculator 

general description 
The single-chip MM5758 Scientific Calculator is another 
MOS/LSI product from National Semiconductor using a 
metal-gate, P-channel enhancement/depletion mode tech
nology to achieve low system cost. A complete calculator 
performs a wide range of complex scientific problems. 
yet consists of only the MM5758, two display driver ICs, 
the NSA5101 LED display, a keyboard and power 
supply (Figure 1). No discrete components are required. 

An internal power-on clear circuit automatically clears 
all registers, including the storage memory and four
register operational stack, when power is initially applied 
to the chip.· 

The MM5758 performs trigonometric, logarithmic, 
exponentiation, power and square root functions simply 
by pressing a key. It computes and displays numbers 
over a range of ±9.9999999 x 10±99 . A four-register 
operational stack simplifies computation of problems 
with multi-nested terms and reverse polish entry notation 
provides a logical and consistent method of keying in 
even the most complex problems. 

The displayed output has an eight digit mantissa with 
a two digit exponent; both the mantissa and exponent 
display an additional sign digit. Sign information is 
presented to the display by the calculator chip during a 
single digit time, but the NSA5101 display physically 
separates the two as shown in Figure 2. 

All computed results greater than 99999999. or less 
than 0.1 are automatically converted to scientific 
notation. Trailing zero suppression of the mantissa 
allows convenient reading of the left justified display 
and conserves power. The exponent digits are blanked 
if no exponent is displayed. The most-significant-digit 
of the exponent is not blanked, even if it is a zero, when 
an exponent is being displayed. A low battery indication, 
activated by sensing circuitry in the DS8868, is included 
in the mantissa sign digit. 

A Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tion during testing and when the MMS758 is used with 
other logic; e.g., with the MM5766 Programmer. 

Thirty-six keys are arranged within a four-by-eleven 
matrix (Table 1 and Figure 2). Dual function keys are 
not required. 

The user has access to five registers designated X, Y, Z, 
T and M. X is the display and entry register and the 
bottom of a "push-up" operational stack that includes 
registers Y, Z and T. 
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Calculators 

I t IT 
I z jz Im IM Iv IY 
Ix IX 
The contents of the storage register M are replaced with 
the contents of the X-register by using the "STO" key. 
The memory recall key, "RCL," copies Minto register X 
without disturbing the value of M. M is cleared auto
matically at power-on or by storing a zero. All registers 
contain eight mantissa digits, two exponent digits and 
the sign information for each. 

features 
• Enters, computes and displays numbers as large as 

±9.9999999 x 1099 and as small as ±1 x 10-99 

• Complete slide-rule capability 
• Arithme* functions:+,-, x, +, 1 ix, Vx 
• Logarithmic functions: In X, log X, e", 10' · 
• Power function: Y" 
• Trigonometric functions: sin x, cos x, tan· x, 

arc sin x, arc cos x, arc tan x 
• Other functions: n, exchange, change sign 

• Reverse polish notation 
• Four-register operational stack with roll capability 
• Independent two key storage register 
• Floating point input and output 
• Power-on clear 
• Designed-in low system cost 
• Automatic display cutoff 

sample keyboard 

~~~~~ 
[i][;~~[j] 
[i] ~[il[i[i] 

····~ 
·····~ .. .... [; ••••l•l 



absolute maximum ratings 
Voltage at Any Pin Relative to Vss 
(All other pins connected to V ss) 
Ambient Operating Temperature 
Ambient Storage Temperature 

Vss + 0.3V to V55 -12v 

Lead Temperature (Soldering, rn seconds) 

0°C to +70°C 
-55°C to +150°C 

300°C 

de electrical characteristics 
PARAMETER CONOITIONS 

Operating Supply Current (1 00 ) Voo = Vss -8.SV, TA= 256C 

Keyboard Scan Input Levels 
IK1 through K4) 

Logical High Level 
Logical Low Level 

Display Reset Input Levels 
Logical High Level 
Logical Low Level 

Encoded Digits Output Current 

(0 A through 0 0 l 
Logical High Level (loH l VouT = VOo + 1.0V 
Logical Low Level ·Ood VouT = Voo 

Low Voltage Indicator Level (V 1H) 

(Digit DA must be forced to a V IH 

voltage level during the IDLE digit 
time to cause Segment Sb to be turned 
"ON" at digit time Dl. 

Segment and Decimal Point Output 
Current (Sa through $9, OP) 

Logic_at High level (1 0 H) VouT = Voo + 5.4V 
Logical Low Level (1 0 Ll VauT = Voo + 1.5V 

Ready Output Levels 
Logical High Level (VoH l louT = -0.4 mA 
Logical Low Level (V0 d louT = 10µA 

ac electrical characteristics 
PARAMETER ·coNDITlONS 

Word Time (Figure 3) 

Digit Time (Figure 3) 

lnterdigit Blanking Time (Figure 3) 

Keyboard Scan Inputs (K1 through CLOAD = 100 pF 
K4l Low to High Transition Time 
{during lnterdigit Blanking Time), 

(tPDH) 

Ready Output Propagation Time 
(Figure4) 

Low to High Level (tPoH) CLOAD = 100 pf 
High to Low Lev~I (tp0 d CLOAD = 100 pf 

Key Bounce-out Stability Time. 
(The time a keyboard scan input, 
Kl, K2, K3 or K4, must be continu-
ously connected to a digit to be 
accepted as a key closure, or lower 
than the maximum Logical Low 
Level to be accepted as a key 
release.) (Figure 5) 

Display Cuioff Time 
(The time after the last valid key 
closure at which all digits except 
the most-significant-dfgit of the 
mantissa will be blanked.} 

Calculation Times 
Square Root 
LOG X or LN X 
10x or ex 

Y' 
SIN X, COS X or TAN X 
ARC SIN X or ARC COS X 
ARC TAN X 

operating voltage range 
7.iV~Vss -V00 ~8.BV 
V ss is always the most positive supply voltage. 

MIN TYP MAX 

12.0 20.0 

Vss-2.5 
Voo+l.5 

Vss-1.5 
V 00 +1.5 

-Q.5 -2.50 
--50 

V 00 +2.8 Vss 

-550 
-10 

V55-1.0 

_V 00 +1.0 

MIN TYP MAX 

0.5 1.3 2.2 

42 108 183 

3.5 8.0 14.0 

14.0 

30 115 
30 120 

3.5 9.1 15.4 

50 

0.50 0.90 
0.85 1.50 
1.00 1.75 
1.80 3.10 
1.30 2.20 
1.40 2.40 
0.85 1.50 
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UNITS 

mA 

v 
v 

v 
v 

mA 
µA 

v 

µA 
µA 

v 
v 

UNITS 

ms 

µs 

µs 

µs 

µs 
µs 

ms 

second 

second 
second 
second 
seco'nd 
second 
second 
secorid 



01} 

KEYBOARD 
MATRIX 

(SEE FIGURE2 
AND TABLE 1) 

DC-DC 
CONVERTER 

(BJ 
..---+--------'-'+llN DS8167 

!iEGMENTS 
GND OUT 

181 

NSA5101 

nnnnCJnnn 1., 
CJ. CJ. CJ. CJ. CJ. CJ. CJ. CJ. 

. 
CJ '/oJ, 
CJ·IIJ· 

(b). 

lg) 

01 DZ 03 04 05 06 07 DB , 09 010 011 012 

DECODED DIGITS 

(11) 

+ 
JEA 

DIGITS v" 
"· MA~~~:D~-=-ENCODED DIGITS OS88&8 ISEETABLE2l 
De-Do OR EOUIV --

'------+-----+------<rDN-DFF T-""rc.r---1 
131 GND 

FIGURE 1. Block Diagram of Complete Handhold Scientific Calculator Using MM5758. 

v,. 

I 
{OPTIONAL) D 

"· 
L-.!!J DISPLAY 
~lRESET 

., 

KEYBOARD 
MATRIX 

MM5758 

J 1J 
• b 

FROMDS8867 
SEGMENT DRIVER 

1J 

NSA5101 

19 

I OP 

01 02 03 04 05 06 07 08 09 010 011 012 

3 4 ' ' 1U 12 14 1JZO 21 

9 8 7 6 5 4 3 2 1 18 17 
15 oA 01 02 D3 04 os o& 01 oa oa 011 012 

D,1"''--....;....;.1•;.io, 

o, 1"7;.......---"13'-!o, 

Do 8 12 Do 

058868 

FIGURE.2. Digits Interconnection Detail For Scientific Calculator. 
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SCALING OF DISPLAYED NUMBERS 

Computed results are displayed in either floating point 
or scientific notation. Answers in the range between 0.1 
and 99999999. are displayed in floating point format; 
otherwise scientific notation is used. For example: 123.4 
is displayed as written; whereas, 123.4 million would 
appear as 1.234 x 108 . The smallest magnitude displayed 
is ±1.0 x 10-B9 , and the largest ±9.9999999 x 1099 . 

Number entries are always displayed in the manner 
entered until "ENT" is depressed, after which they 
appear scaled. 

KEYBOUNCE AND NOISE REJECTION 

The MM5758 is designed to interface with most low-cost 
keyboards, which are often the least desireable from a 
false or multiple entry standpoint. 

When a key closure is sensed by the calculator, an 
internal timeout is started. Any voltage perturbations 
of significant magnitude which occur on the Key Input 
Lines (K1, K2, K3 or K4) during the timeout will reset 
the timer to zero. A key is accepted as valid after a 
noise-free timeout period; noise that persists indefrnitely 
will inhibit key entry. Key releases are checked in the 
same manner. 

The internal timeout period (Key Bounceout Stability 
Time) is normally seven word times. By forcing digit D8 

to a Logical High State during Digit Timing State D12 
time (Table 11). the Stability Time is reduced to four 
word times. 

AUTOMATlt DISPLAY CUTOFF 

If no key is depressed for approximately 50 seconds, an 
internal automatic display cutoff circuit will modify the 
encoded digit output sequence sent to the DS8868 
Decoder/Driver to be the blanking input code (Table II) 
during all digit times except the most-significant of the 
mantissa (02). Thus, in the cutoff power saving mode, 
only one digit is displayed. The blanking code has been 
selected to also be the minimum power case for the 
DS8868. 

Any of the D11 ("CS," "tr" or "TAN") keys will restore 
the display; to restore the display without modifying 
the status of the calculator use the "CS" key twice, or 
momentarily force the Display Reset high. The auto
matic display cutoff feature can be disabled by hardwiring 
the Display Reset pin to V55 . 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state the output is at a Logical· 
High Level (near Vss). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is completed and the key entry is accepted as 
valid, then goes low as indicated in Figures 4 and 5. It 
remains at a Logical Low Level until the function 
initiated by the key is completed and the key is released 
and timed out. The low to high transition indicates the 
calculator has returned to an idle state and a new key 
can be entered. 

TABLE I. Keyboard Matrix 

SWITCH DIGIT TIMING STATES 

INPUTS Dl D2 D3 D4 D5 DG D7 D8 

K1 0 9 8 7 6 5 4 

K2 + cs STO 1/X <--+ c EN ft 
K3 rr RCL ARC ROL 

K4 TAN SIN cos LOG yx LN 

TABLE II. Digits Timing State Truth Table 

ENCODED DIGITS DECODED DIGIT STATES (DS8868) 

Do De Da DA Dl 02 03 D4 05 D6 07 D8 

H H L L ON 

H H H H ON 

L H H H ON 

H L H H ON 

L H L H ON 

H L H L ON 

H H L H ON 

L H H L ON 

L L H H 

H H H L 

L L L H 

H L L L 

L L L L 

ON~ 058868 output buffer will sink?: 110 mA@ VouT ::O 0.4V 

H '" Logical High State (- V55) 

L "'Logical Low State (-Vool 
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09 

ON 

D9 D11 D12 

3 2 1 

x -
EEX 

,x 10x 

D10 D11 012 

ON 

ON 

ON 



ENCODED 
DIGIT 

OUTPUTS .. 

SEGMENTS 

Sb 

Sd 

" 
Sf 

Sg 

r LOW BATTERY VOLTAGE INDICATOR 

ACTUAlDISPLAY .: fr? 3 '-l 5 5 7 g -0 B 

025/GltAL 
FROMO~S8611' 

FIGURE 3. Display Timing Diagram 

FIGURE 4. Ready Timing 

SEGMENT 
DESIGNATION: 

.. 
"';;'" •·/:::/" 

Sd 

NEW KEY KEYIS 
IS DEPRESSED RELEASED 

MANTISSA NEG 
SIGN~ Sg 

EXPONENT NEG 
SJGN ~sa 

l j---100RDTIMES~ I I 

~~!~~ ~r---u---u--r---u-n~'"'""""~ in, NOISE~ LI NOISE / ::~eE:S~~~ 
CALCULATION 
IS COMPLETED 
WHICHEVER IS 

LONGER 

RE ADV I.___ ___ ,__I 
NE~~~~~~LBAET~"n~~~~p:i~J NEXT KEV CANj 

MAYBE RELEASED. BE ENTERED 

FIGURE 5. Functional Description of Ready Signal and Key Entry. 

ERROR INDICATION TABLE Ill. Conditions for Error Indication 

In the event of an operating error, the MM5758 will 
display all zeros and decimal points. Improper operations 
or calculations are summarized in Table 111. All square 
root computations are of the absolute value of X; 
therefore, the square root of a negative number is not 
considered an invalid operation. 

An error condition is reset by pressing "C." Al I registers 
in the stack are lost and replaced with zeros. M is saved. 
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FUl\ICTIOlll 

-:- or 1/X 

Y' .. 
10' 

LOG X or Liii X 

SIN X, COS X, TAN X 

ARC SIN X or ARC COS X 

ARC TAN X 

CONDITION (REGISTER X: X) 

!XI= 0 

Y < 0, X LOG Y > 99 

IXl>230 

IXI> 99 

xso 
X<OorX>90 

X<OorX>1 

X< 0 



KEY OPERATIONS 

Clear Key, "C" 

Clears X, pushes Y down to X, Z to Y, T to Z and places 
a zeta in T. Subsequent depressions perform the sam.e 
operation; thus, four "C" depressions will clea·r a 
completely full stack. If the display indicates an error 
condition exists, the "C" key clears X, Y, Z and T. 
Storage memory M is not affected by any "C" operation. 

Number Entries 

The first numeral of a number entry following any 
function, other than "EN," raises the stack and Tis lost. 
Numerals are entered and displayed from left to right. 
Following "EN" the first number entry is placed in X 
without affecting the rest of the stack. Ninth and 
subsequent entries of the mantissa are ignored; third 
and subsequent entries of the exponent are entered as a 
new least-significant-digit, and the previous most-signifi
cant-digit is lost. 

Decimal Point, "." 

Places a decimal point on the right side of the least
significant-digit being displayed during entry of the 
mantissa. It is invalid during exponent entry and clears 
the X-register to zer? (starting a new number entry). 

Change Sign Key, "CS" 

Changes the sign of X. In the exponent entry mode, it 
changes the exponent sign. It does not term.inate entry 
and therefore can be depressed at any time during the 
entry mode. Multiple depressions are allowed. 

·Enter Key, "EN" 

Register T is lost, Y and Z are pushed up and X is copied 
into Y. 

THE FOUR FUNCTION KEYS, "+," "-," "x," and 
"+'' 

Add key,"+" 
Subtract key, "-" 
Multiply key, "x" 
Divide key, "+" 

Pi Key, "11" 

Register T is lost; X, Y and Z are pushed up in the stack 
and the constant 3.1415927 is placed in X. 

Exchange Key, "+-->" 

Registers X and Y are exchanged; other registers are not 
affected. 

Inverse Trigonometric Key, "ARC" 

Preceding one of the three trigonometric keys, "SIN," 
"COS" or "TAN," it conditions the calculator to 
determine the angle in degrees of the value in register X. 
"ARC" followed by any key other than one of the 
trigonometric keys will be ignored. 

8·19 

Enter Exponent Key, "EEX" 

Puts calculator in exponential entry mode. "EEX" must 
be. preceded by a number (mantissa). or it will be 
ignored. A decimal point is an invalid entry that changes 
X to zero. 

Trigonometric Keys, "SIN," "COS," and "TAN" 

Assumes the value of X is an angle in degrees and 
computes the indicated trigonometric function, replacing 
X with the result. Register T is replaced by a zero; 
M, Z and Y are not affected. Following ~'ARC," the 
trigonometric !<eys determine the angle represented by 
the function in X, and replace X with. that v.afue in 
degrees.Tis replaced by a zero; M, Zand Y are unchanged. 

Reciprocal Key, "1/X" 

A non-zero value of X is replaced by its reciprocal. 
Registers Y, Z, T and M are unaltered. 

Square Root Key, "VX " 

The absolute value of X is replaced by its square root. 
Registers Y, Z, T and M are not altered. 

Logarithmic Keys, "LN" and "LOG" 

These keys replace the value of X by its natural or 
common logarithm, respectively. Registers Z and T 
become zero. Registers Y and M are not affected. 

Power Key, "Yx" 

Determines the value of Y raised to the power of X and 
replaces X with that result. Registers Y, Zand T become 
zero. M is not affected. 

Exponential Keys, "ex" and "10x" 

The constants 2. 7182812 or 10.0 are raised to the 
power of X, respectively, and placed in X. Register T 
becomes zero; Y, Zand Mare not atfected. 

Memory Keys, "STO" and "RCL" 

The memory store key, "STO," copies the value of X · 
(including sign) into storage register M, without altering 
the stack. The recall key, "RCL," transfers Z to T, 
Y to Z and X to Y, then copies M into X. Storage 
register M is not changed and T is lost. Both "STO" 
and "RCL" terminate an entry mode. 

Roll Stack Key, "ROL" 

Repositions the data within .the operational stack· by 
transferring X to T, Y to X, Z to Y and T to Z. After 
four successive depressions each of the four data posi· 
tions has been viewed and returned to its original location. 

Range and Accuracy of Functions 

The smallest magnitude that can be displayed is ±1 o-99 
and the total range is ±9.9999999 x 1099 • Table IV 
summarizes range and accuracy of the MM5758functions. 



TABLE IV. 

FUNCTION RANGE ACCURACY 

+, -, x, "'"· 1/X ± 1 x 10-99 s: x s: ±9.9999999 x 1099 ±1 in first non-zero digit from LSD 

vx 1±1 x 10-99 1 s: x s: 1±9.9999999 x 1099 1 ±2 in first non-zero digit from LSD 

LOG X 0 < x:::: +9.9999999 x 1099 7 digits 

LN X 0 < x :::: +9.9999999 x 1099 7 digits 

10x ± 1 x 1 o-99 :::; x ::;:: +99 5 digits 

ex ±1x10-99 < x < +230 5 digits 

yx Y > 0, with X and Y values such that the 5 digits 

results will be +1 x 10-99 S: XS: 

+9.9999999 x 1099 

SIN, COS, TAN 0:::: x s: +90 7 digits 

ARC SIN, ARC COS o:::;x:::;+1 5 digits 

ARC TAN 0 s: x s: 9.9999999 x 1099 5 digits 

*Error in last useable digit is less than 5 

@]~LO.ST 
t~ r---T 
z~Z 
: .r=:~ 
m _____ ____, __ M 

CD 

: . \. "" T 
·----... -z 
y~ '---......,_.y 

x~ '-----x 
m \ =~OST 

------T 
-------z 

--------M 

t~LOST 

Z~LOST 

Y-LOST 

V'---~F~ 

Summary of Stack Op.erations 

DJ.DJ.DJ.••• OJ.G::::u::::~J AFTER FUNCTION KEV 

,---LOST 

t __./ ,------- T 

,__/ r--z 
y__/ r---v 

,___.!ex 
m~M 

NUMBER___/ 

QJDJ.DJ .... OJ.D.c::J AFTER [§] 
t T OR FIRST NUMBER 

: c:~ 
NUMBER =---.7 

§J.[§].~.0.~. & 

@El FOLLOWED BY ~. @!), ~ 
O~LOST 

t---"--T 

x c::: x 
mM 
fix)___/ 

x c=_x 
m~M 

fix)___/ 
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Summary of Stack Operations (con't) 

SAMPLE PROBLEMS 

CSX 

-~-----+-M 

§] 

:~: y y 

' x 
---------M 

ERROR CONDITION 

t ___._ LOST 

z __._LOST 

Y ---- LOST 

x ----tt-. LOST 

"' M 

Problem No. 1 1.345 + 7120 - 142~1 ~ ? 

KEY ENTRY DISPLAY X 

POWER ON 0. 

1 

1. 

3 1.3 

4 1.34 

5 1.345 

ENTER 1.345 

71 

2 712 

0 7120 

7121.345 

7 17 

CLR 7121.345 

1 1 

4 14 

142 

1425 

14251 

-7129.655 

y 

0 

1.345 

0 

7121.345 

0 

7121.345 

7121.345 

0 

STACK REGISTERS 

z 
0 

0 
0 

8-21 

0 

0 

0 

~ AFTER FUNCTION 

-------T 
--------- X (EEX IS IGNORED) 

-------M 

~ AFTER NUMBER ENTRY 

-------T 

--------v 
--------- X (READY FDR 

------- M EXPONENT) 

@J.@l 

~~T 
z=~~;~ Cz 

F~ 
f(x)-----

T MEMORY M 

0 

0 

0 

COMMENTS 

Power on clears all registers and 
memory 

Copy X in Y 

Add X and Y 

Clear entry, pushes down stack 

Subtract X from Y 

Note: It is not necessary to clear 
calculator for the next problem. 



co 
Lt> Problem No. 2 (3.73 x 10-7 ) x (-15 x 1024 ) 7 27357.3 =? rn 
:! STACK REGISTERS 

:! KEY ENTRY DISPLAY X y z T MEMORY M COMMENTS 

,3 -7129.655 0 0 0 The new number entry pushes the 
answer of the last problem up in 
the stack 

3. 

3.7 

3 3.73 

EEX 3.73 Prepare for exponent entry 

3.73 07 

CHS 3.73 -07 Change sign of exponent 

ENTER 3.73 -07 3.73 -07 . -7129.655 

1 1 

5 15 

CHS -15 Change sign of mantissa 

EEX -15 

2 -15 02 

4 -15 24 

-5.595 18 -7129.655 0 0 Multiply X and Y 

2 2 -5.595 18 -7129.655 0 0 

7 27 

3 273 

5 2735 

27357 

27351. 

3 27357.3 
-2.0451579 14 -7129.655 0 Divide Y by X 

CLR -7129.655 0 Clear Answer 

CLR 0. 0 0 0 Clear answer from problem 1 

Note: This is not necessary. It is 
done here to avoid confusion of 
stack operation in the next problem. 

Problem No. 3 J10.3 (32 + 42 ) (52 + 62 ) 

STACK REGISTERS 

KEY ENTRY DISPLAY X y z T MEMORY M COMMENTS 

10.3 10.3 0 0 0 0 
ENTER 10.3 10.3 The "Roll" key can be used 

to examine the stack. It is not 
necessary for the solution. 

3 3 10.3 
ENTER 3. 3 10.3 Regi$ter contents displayed: 
ROLL 3. 10.3 0 3 y 

ROLL 10.3 0 3 z 
RO(L 0. 3 3 10.3 T 

ROLL 3. 3 10.3 0 x 
x 9. 10.3 0 0 32 

4 4 9 10.3 0 
ENTER 4. 4 9 10.3 

16. 9 10.3 0 42 

+ 25. 10.3 0 0 (32 +42) 

x 257.5 0 0 0 0 10.3 (32 + 42) 

5 5 257.5 0 0 0 
ENTER 5. 5 257.5 

25. 257.5 0 52 

6 25: 257.5 
ENTER· 6. 6 25 257.5 

36. 25 257.5 0 52 

+ 61. 257.5 0 (52 + 62) 

x 15707.5 0 10.3(32 +42 ) ,52 +62 ) 

..;x 125.32956 0 0 0 0 ,/10.3 (32 + 42 ) (52 + 62) 

8-22 



Problem No. 4 1 + J_ x + J.. x2 = ?, x = -0.15 
2! 3! 

STACK REGISTERS 

KEY ENTRY DISPLAY X y z T 

125.32956 0 0 

ENTER 1. 125.32956 

2 2 

0.5 
x 
0.15 CHS -0.15 0.5 125.32956 

STO -0.15 

x -7.5 -02 125.32956 0 

+ 0.925 125.32956 0 

3 0.925 125.32956 

ENTER 3. 3 0.925 125.32956 

2 2 

x 6. 0.925 125.32956 

1 
0.1666666 0.925 125.32956 -

x 
RCL -0.15 0.1666666 0.925 125.32956 

ENTER -0.15 -0.15 0.1666666 0.925 

x 2.25 -02 0.1666666 0.925 0 

x 3.7499985 -03 0.925 0 

0.9287499 0 

CLR 0 

RCL -0,15 0 0 

Problem No. 5 11(21) =? 21 2 (11) =? 

KEY ENTRY 

21 

x 
21 

ENTER 

x 

x 

DISPLAY X 

3.1415927 

21 

65.973446 

21 

21. 

441. 

3.1415927 

1385.4423 

STACK REGISTERS 

y z 

-0.15 0 

3.1415927 -0.15 

-0.15 0 

65.973446 -0.15 

21 65.973446 

65.973446 -0.15 

441 65.973446 

65.973446 -0.15 

Problem No. 6 Example using Exchange and Reciprocal keys. 
STACK REGISTERS 

KEY ENTRY DISPLAY X Y Z 

ENTER 5. 

1 

EXCH 5. 

! 
x 

EXCH 

EXCH 

x 
CLR 

0.2 

5 

0.2 

0.2 

0.2 

0. 

o.o.o.o.o.o.o.o. 

0. 

1385.4423 

5 

1385.4423 

0.2 

0.2 

0.2 

0.2 

1385.4423 

0 

0 

65.973446 

1385.4423 

65.973446 

1385.4423 

1385.4423 

1385.4423 

1385.4423 

65.973446 

0 

0 

T 

-0.15 

65.973446 

0 

65.973446 

65.973446 

65.973446 

65.973446 

0 

0 

0 

8-23 

MEMORY M 

0 

-0.15 

-0.15 

-0.15 

-0.15 

T 

-0.15 

0 

-0.15 

0 

MEMORY M 

-0.15 

-0.15 

2! 

2! 

x 

COMMENTS 

Store X for use later in the problem 

_1_ x 
2' 

1 + -1..x 
2! 

3! 

3! 

x 
Answer to last problem is lost here 
x2 

.1..x2 
31 

1 + -1..x + .1..x2 
21 3! 

Notice that the clear does not affect 
the memory register. Memory is changed 
only by storing another value or by power 
off. 

MEMORY M COMMENTS 

-0.15 

n(21) 

-0.15 

COMMENTS 

Compare the answers obtained by 
exchanging X and Y. In this case, 
they are identical. 

Compare by subtracting zero error 

Divide by zero. Error clears all registers. 

After clearing an error, all registers are 
zero. Memory is not disturbed. 

s: 
s: 
CJ1 
...,J 
CJ1 
00 

I 

ml 



0) 
Ln ,..., 
Ln 

~ 
~ 

Problem No. 7 Example using "10x" and "LOG" keys 

STACK REGISTERS 

KEY ENTRY DISPLAY X y z T 

1.2345678 1.2345678 0 0 0 

STD 1.2345678 

10' 17.161995 

LOG 1.2345678 

RCL 1.2345678 1.2345678 

EXCH 1.2345678 

EXCH 1.2345678 

4 4 1.2345678 

ENTER 4. 4 1.2345678 

3 3 

ENTER 3. 4 

2 

ENTER 2. 4 
4 

10' 10. 0 

4 4 10. 3 

ENTER 4. 4 10. 2 

3 3 

ENTER 3. 10 

2 2 

ENTER 2. 4 

1 

LOG 2.2 -07 0 0 

Problem No. 8 Example using "ex" and "LN" keys 

KEY ENTRY DISPLAY X 

8.7654321 8.7654321 

STO 8.7654321 

e' 6408.8309 

LN 8.7654321 

RCL 8.7654321 

0.0 

Problem No. 9 210 

KEY ENTRY DISPLAY X 

2 

ENTER 2. 

10 10 
yx 1024.0037 

y 

2.2 

8. 7654321 

2.2 

y 

8. 7654321 

2 

0 

-07 

-07 

STACK REGISTERS 

z 

2 

0 

2.2 -07 

0 

STACK REGISTERS 

z 

8.7654321 

Problem No. 10 Trigonometric computations 

STACK REG1$TERS 

KEY ENTRY DISPLAY X y z T 

30 30 1024.0037 0 0 
SIN 0.5000002 
ARC 0.500000;>, 

SIN 29.999556 
4 .29.999556 1024.0037 
ENTER 4. 29.999556 1024.0037 

3 3 
ENTER 3. 3 4 29.999556 

2 
ENTER 3 4 

SIN 1.7452415 -{)2 0 

4 1.7452415 -02 3 
ENTER 4. 4 1.7452415 -02 2 

8-24 

MEMORYM 

-0.15 

1.2345678 

1.2345678 

1.2345678 

1.2345678 

T 

0 

0 

T 

2.2 -{)7 

8.7654321 

0 

MEMORY M 

8.7654321 

8.7654321 

8.7654321 

COMMENTS 

Store original value 

Compare answer to original vatue 

Fill the stack 

Notice that "T" is lost {same for 10x,ex) 

Notice that "Z" and ·~T" are lost (same for 
LOG, LN) 

MEMORY M 

1.2345678 

8.7654321 

8.7654321 

MEMORY M 

8.7654321 

8.7654321 

COMMENTS 

Store original value 

Compare answer to 
original. Error is 0.0 

COMMENTS 

Notice that "Y," "Z" 
and "T" are lost 

COMMENTS 

Enter X in degrees 

Sine of 3Q0 is computed 

ARC sine is computed 

Notice that "T" ·js lost (same for SIN, 
COS, TAN) 



Problem No. 10 (con't) 

KEY ENTRY DISPLAY X 

3 

ENTER 3. 3 

2 2 

ENTER 2. 

1 

ARC 1. 

SIN 89.999997 2 

Problem No. 11 

KEV ENTRY DISPLAY X 

30 30 

CDS 0.8660252 

ARC 0.8660252 

cos 29.999569 

Problem No. 12 

KEV ENTRY DISPLAY X 

45 45 

TAN 0.9999991 

ARC 

TAN 45.000629 

connection diagram 

v 
STACK REGISTERS 

z 

4 

3 

T MEMORVM COMMENTS 

1.7452415 -02 

4 

0 8.7654321 Notice that "T" is lost (same for 
ASIN, ACOS, ATAN) 

v 

89.999997 

89.999997 

v 

29.999569 

29.999569 

r SWITCH KZ z 
INPUT -
LINES Kl 

K4 

r ENCODED Os 
DIGIT 
Lll\IES De 

Do 

N/C 

N/C 
10 

11 
N/C 

12 
v,, 

STACK REGISTERS 

z 

2 

2 

STACK REGISTERS 

z 
89.999997 

89.999997. 

Dual-In-Line Package 

TaPYlEW 

2 

0 

3 

0 

0 

T 

T 

24 N/C 

23 
Voo 

;, 
READY 

Zl DISPLAY RESET 

20 
SEGMENT F 

19 
SEGMENT B 

18 
SEGMENTG 

17 
SEGMENT D 

16 
SEGMENT E 

15 
SEGMENT A 

14 
DECIMAL POINT 

13 
SEGMENT C 

Order Number MM5758N 
See Package 22 
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MEMORYM COMMENTS 

8.7654321 

8.7654321 

MEMORY M COMMENTS 

8.7654321 

8.7654321 

" 
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MM5760 slide rule calculator 
general description 

The single-chip MM5760 Slide Rule Calculator was 
developed using a metal-gate, P-channel enhancement 
and depletion mode MOS/LSI technology with the 
primary objective of low end-product cost. A complete 
calculator as shown in Figure 1 requires only the 
MM5760, a keyboard, DM8864 digit driver, NSA298 
LED display and a 9V battery with appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and 7-segment output dis
play encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the MM5760, as it typically sources about 
8.5 mA of peak current. (Note: the typical duty cycle 
of each digit is 0.104; average LED segment current is 
therefore approximately 0.89 mA.) The left-most digit 
is used for the negative sign or the decimal point of a 
number less than unity. 

An internal power-on clear circuit clears all registers, 
including the memory, when V00 and Vss are initially 
applied to the chip. 

Trailing zero suppression allows convenient reading of 
the left justified display, and conserves power. The 
DM8864 digit driver is capable of sensing a low battery 
voltage and providing a signal during Digit 9 time that 
cah be used to turn on one of the segments as an 
indicator. Typical current drain of a complete calculator 
displaying five "S's" is 30 mA. Automatic display cutoff 
is included. If no key closure occurs for approximately 
35 seconds, all numbers are blanked and all decimal 
points displayed. 

The Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tion during testing and when the MM5760 is used with 
other logic or integrated circuits; e.g., with the MM5765 
Programmer (Figure 3). 

Thirty-two keys are arranged in a four-by-nine matrix 
(Figure 1). In addition to seven arithmetic functions 
plus logarithmic, trigonometric and accumulating mem
ory functions, the calculator is capable of calculating yx, 
adding the square of X to memory, automatically 
entering tr and providing degrees/radian conversions. 

The user has access to four registers designated X, Y, Z 
and M. X is the display and entry register, and is the 
bottom of a "push-up" stack that also includes registers 
Y and Z: 

z 
:=::====:::::: I Y I Y l~m ____ ~I M 
~x============::::::x 

Note: Lower case letters designate the data in the register 
identified by a capital letter. 

8·26 

Calculators 

features 

• Full 8-digit entry and display capacity 

• Complete electronic slide rule capability 

• Arithmetic functions: +, -, x, 7, yx, 1/x, x2 

• Logarithmic functions: In x, log x, ex 

• Trigonometric functions: sin x, cos x, tan x, arc 
sin x, arc cos x, arc tan x 

• Other functions: yx, tr, change sign, exchange, 
x2 + memory -> memory, radians to degrees, 
degrees to radians 

• Three-register operational stack 

• Independent accumulating storage register with store, 
recall, memory plus and memory minus functions 

• Floating point input and output 

• Direct gv battery compatibility; low power 

• Power-on clear 

• No external components required other than display 
digit driver, keyboard and LED display for complete 
calculator 

• Error indication for over range, overflow and invalid 
operations 

• Left justified entry and results with trailing zero 
suppression 

• Automatic display cutoff 

• Reverse polish notation 

connection diagram 

Dual-In-Line Package 

24 
DIGIT l DIGIT4 

23 
DIGIT2 DIGIT5 

DIGIT1 Zi DIGIT& 

21 
DIGIT7 

r K3 ZO DIGIT 8 
SWITCH 
INPUTS 19 DIGIT 9 ., 

K1 
18 

READY 

17 
Voo SEGMENT D 

SEGMENT G 16 SEGMENT E 

SEGMENT B 1Jl " SEGMENT A 

SEGMENT F 
II 14 

DECIMAL POUff 

v,. 12 ll SEGMENT C 

TOP VIEW 

Order Number MM5760N 
See Package 22 



absolute maximum ratings 

Voltage at Any Pin Relative to Vss Vss + 0.3V to Vss - 12V 

operating voltage range 

6.5V ~ Vss -V00 ~ 9.5V 
(All other pins connected to V ss) 
Ambient Operating Temperature 
Ambient Storage Temperature 

Vss is always defined as the most· positive supply voltage. 

Lead Temperature (Soldering, 10 seconds) 

0°C to +70°C 
--55°C to +150°C 

300°C 

de electrical characteristics 

PARAMETER CONDITIONS 

Operating Supply Current (I 00 ) Yoo= Yss--B.5Y, TA= 25°C 

Keyboard Scan Input Levels 
IK1, K2, K3 and K4) 

Logical High Level Yss-6.5Y SY oo S Y55--B.5Y 
Logical Low Level Yoo= Yss-6.5Y 

Yoo= Yss--B.5Y 

Digit Output Levels 
Logical High Level IYoH) RLoAo = 3.2 kQ to Y 00 

Yss-6.5Y SY oo S Yss-9.5Y 
Logical Low Level IV OL) Yoo= Yss-6.5Y 

Y00 = Y85--B.5Y 

Segment Output Current TA =25°C 
!Sa through Sg and Decimal Point) YouT = Yss-3.6Y, Y 0 o = Y55-6.5Y 

YouT = \/ss-5Y, Yoo= Y55-8Y 
YouT = Ys5-6.5Y, Yoo= Y55--B.5Y 

Ready Output Levels 
Logical High Level IYoH) louT = --Q.4 mA 
Logical Low Level (Y ad louT = 10µA 

ac electrical characteristics 

PARAMETER CONDITIONS 

Word Time !Figure 2) 

Digit Time (Figure 2) 

Segment Blanking Time (Figure 2) 

Digit Output Transition Times CLOAD = 100 pf, RLOAD = 9.6 kQ 
(tRISE and \FALL) 

Keyboard Inputs High to Low CLDAD = 100 pf 
Transition Time After 
Key Release --\ 

Ready Output Propagation Time 
(Figure 3) 

Low to High Level (tpoH) CLOAD = 100 pf 
High to Low Level (tp 0 d CLOAD = 100 pf 

Key Input Time-out 
Key Entry 
Key Release 

Display Cutoff Time 
(The time after the last valid key 
closure that all numbers will be 
blanked and all decimal points 
displayed.) 

MIN TYP MAX UNITS 

16.0 mA 

Y55-2.5 y 

Yss--5.0 y 

Yss-6.0 y 

Yss-1.5 y 

Yss-6.0 y 

Yss-7.0 y 

--5.0 --8.5 mA 
-10.0 mA 

-15.0 mA 

Yss-1.0 y 

Yoo+1.0 y 

MIN TYP MAX UNITS 

0.32 0.65 1.3 ms 

36 70 145 µs 

2 4.5 9 µs 

2 µs 

4 µs 

10 50 µs 
1 ms 

2.8 6.0 11.7 ms 
5;1 10.4 20.5 ms 

10 22 44 second 

m 
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1/X 

KEYBOARD 

IND 

OM8864 

*Dual function keys. 

FIGURE 1. Complete Calculator Schematic 

Sb 

,, 
Sd 

ACTUAL DISPLAY; 

as----------01 

SEGMENT 
DESIGNATION 

FIGURE 2. Display Timing Diagram 

The contents of the accumulating storage register M are 
replaced with the contents of the X register by using the 
"STO" key. Preceding"+" or"-" with the "ARC" key 
sums X into M, or subtracts X from M. "ARC" followed 
by "STO" squares X and sums it into the memory 
without changing the value of X. The memory recall 
key, "RCL," copies M into X without disturbing the 
value of M. Storage register M is cleared automatically at 

power-on or by storing a zero. All r?gisters contain eight 
digits and sign information. 

Inputs are entered and outputs displayed in floating 
point. The output results are truncated. Data entry 
always precedes the operation keys that operate on 
them; this is referred to as Reverse Polish notation. 
(See examples.) 

8-28'' '·' 



SLlbE·RULE 
CALCULATOR 

{4) 

v., 
K 
INPUTS 

r---
1 
L..- _:.J DATA 

I ... 
DATA 

KEYBOARD 
AND 
I X4 

PROGRAMMER 
CONTJIOL 

KEYBOARD 

(4) 

CONTROL 

v., 
Kl/D's 

"----.. IKS 

LEARN MODE 
PROGRAMMER 

SEGMENT 
OUTPUTS 

MM5760 
DIGIT 

OUTPUTS 

(I) 

(I) 

DECIMAL 
POINT 

Yoo 

READY 

READY 
RUN/LOAol+-+---' 

l1I 

LED 
DISPLAY 

DECIMAL POINT SEGMENT INPUTS NSA298 

E/ nE/nnCJnnn c.. o. c. . o. c:i. o. o. o. o. 
DIGIT 

191 

OUTPUT Vee 
(9) 

OM88&4 

GND 

gy..:.. 

... -----.... --4.-~-'~-RM-------4.....----<';r:.~~ INDICATOR 

ON 

FIGURE 3. Low Cost Hand Held Programmable Electronic Slide Rule Using the MM5760 Calculator and MM5765 Programmer 

KEY SEQUENCE EXAMPLES 

KEV 

1. 

0 
0 

LOG 
EN 
10 
c 
c 
10 
EN 
2 
v• 
50 
+ 
4 

...;x 
EN 
7 

2 
x 

9 
STO 

3 
··ARC 

SIN 

1 
LN 

RCL 
1/X 
9 

+-+ 
yx 

.8 
ARC 
ARC 
SIN 
SIN 

DISPLAY 

0. 
1 
1 0 
100 
2. 
2: 
1 0 
2. 
0. 
1 0 
1 0. 
2 
9 9.9 9 9 9 3 
50 
149.9 9 9 9 3 
4 
2. 
2. 
7 

-5. 
2 

-1 0. 
-14.9 9 9 9 93 

9 
9. 
3 
3 
.o.o.o;o.o.o.o.o 

.1 
-2.3 0 2 5 8 5 

9. 
.1 1 1 1 1 1 1 1 
9 
.11111111 
1.2 7 6 51 7 

.8 

.8 

.8 
53.1301 

.8 

COMMENTS 

Power-On Clear 

Copy X into Y 

Clear X, stack pushes down 
Stack cleared 

6 digit accuracy. Typical calculation time= 1.7 seconds 

Typical calculation time = 90 ms 

"STO" terminates data entry 

Error indication (X > 1) 
No clear needed 

Typical calculation time = 260 ms 

Exchange X and Y · 

Second "ARC" ignored 
SIN-1 in degrees 
SIN of 53.1301° 



0 
CD KEY SEQUENCE EXAMPLES (Con't) ,.... 
&.n 

:? KEY 
:? 

DISPLAY COMMENTS 

ARC .8 
cos 3 6.8 6 9 9 cos-1 in degrees 
cos .8 COS of 36.8699 
ARC .8 
TAN 3 8.6 5 9 8 1 TAN-1 in degrees 
TAN .8 TAN of 38.65981 
LOG -.o 9 6 91 
LN .o.o.o.o.o.o.o.o 
el' 1. ex for X = 0 
7r 3.14159 2 6 
c 1. 
c 1.276517 
c 0. 

LN .o.o.o.o.o.o.o.o 
1 1 

cs -1 
STD -1. 
ARC -1. 
cos 180 
ARC 180 
TAN 8 9.6 8169 
RCL -1. 
ex .3 6 7 8 7 9 6 

RCL -1. 
ARC -1. 
SIN -9 0. 
ARC -90. 

-1.5 7 0 7 9 6 3 90° in radians 
ARC -1.5 7 0 7 9 6 3 

+ -1.5 7 0 7 9 6 3 Accumulate X· in M 
RCL -2.5 7 0 7 96 3 Recall M 

EXAMPLE DEMONSTRATING STACK OPERATIONS 

14+26 
LOG(~) 

6- 4 
Evaluate: 

SIN (25+ 5) 

STACK REGISTERS 

~EV x y z COMMENTS 

14 14 ? Y and Z are unknown 
EN 14. 14 
26 26 14 
+ 40. ? 0 14 + 26 = 40 
6 6 40 ? 

EN 6. 6 40 
4 4 6 40 

..;x 2. 6 40 Y4=2 
4. 40 0 6-v'4 = 4 
10. 0 0 (14 + 26)/6-v'4 = 10 

LOG 1. 0 0 LOG[(14+26)/(6-y'4)) = 1 
25 25 1 0 
EN 25. 25 1 
5 5 25 1 
+ 30. 1 0 

SIN .5 1 0 SIN (25 + 5) = 0.5 

0 0 
LOG [(14-26)/(6-y'.4)] 

2. -2 
SIN(25 + 5) 

c 
0. 0 0 

,,.S,,30 



KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5760 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
.false or multiple entry standpoint 

A key closure is sensed by the calculator chip.when one 
of the key inputs, K1, K2, K3 or K4 is forced more 
positive than the Logical High Level specified in the Elec· 
trical Specifications. An internal counter is started as a 
result of the closure. The key operation begins after nine 
word times if the key input is still at a Logical High Level. 
As long as the key is held down (and the key input re· 
mains high) no further entry is allowed. When the key 
input changes to a Logical Low Level, the internal counter 
starts a sixteen word time-out for key release. During 
both entry and release time-outs the key inputs are 
sampled approximately every other word time for valid 
levels. If they are found invalid, the counter is reset and 
the calculator assumes the last valid key input state. 

One of the popular types of low-cost keyboards avail
able, the elastomeric conductor type, has a key pressure 
versus contact resistance characteristic that can generate 
continuous noise during "teasing" or low pressure key 
depressions. The MM5760 recognizes a series contact re· 
sistance up to 50 kn as a valid key closure, assuring a 
reliable interface for that type of keyboard. 

AUTOMATIC DISPLAY CUTOFF 

If no key is depressed for approximately 35 seconds, an 
internal automatic display cutoff circuit will blank all 
segments and display nine decimal points. Any key de· 
pression will restore the display; to restore the display 
without modifying the status of the calculator, use two 
change sign, "CS/' depressions. 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state the output is at a Logical 
High Level (near V55 ). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is completed and the key entry is accepted as 
valid, then goes low as indicated in Figures 4 and 5. It 
remains at a Logical Low Level until the function initiated 
by the key is completed and the key is released. The low 
to high transition indicates the calculator has returned to 
an idle state and a new key can be entered. 

ERROR INDICATION 

In the event of an operating error, the MMS760 will 
display all zeros and all decimal points. In addition to 
normal calculator overflow situations which occur as a 
result of adding, subtracting, multiplying or dividing and 
including division by zero, the error indication is dis
played for the conditions of Table I. 

The Z-register is automatically cleared and the Y- and 
M-registers are saved. An error condition is cleared by 
depressing any key except "1/X," "-'.-," "LOG X" or 
"LN X." Operation on the X register with an error 
displayed will be performed as if X contained a zero. 

KEY OPERATIONS 
(Note: Register X is always displayed.) 

Clear Key, "C" 

After any key except "ARC," it clears X, pushes Y 
down to X, · Z to Y and places a zero in Z. Subsequeni: 
depressions perform the same function; thus, three "C" 
depressions after a number entry will clear a completely 

FIGURE 4. Ready Timing 
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TABLE I. Conditions for Error Indication 

FUNCTION 

+,-,x,7 

7 or 1/X 

ft 
yX 

logXorlnX 

ex 

Sin X or Cos X 

ARC Sin X or ARC Cos X 

Tan X 

Note: Qn 99999999 = 18.420680 

full stack. This is also the method used to gain .access to 
the Z register. Memory register M is not affected by "C." 
Pressing "C" after "ARC" resets the ARC function with· 
out affecting any of the data registers. 

Number Entries 

First entry after "EN" clears X <ind enters the number 
into Digit 8 (the second digit from the left of the display) 
of X. Second through eighth entry (excluding a decimal 
point) enters the number one digit to the right of the 
last number entered. The ninth, and subsequent entries, 
are ignored. The first number key after any key other 
than. "EN" loses Z, pushes Y up to Z, X to Y, clears X 
and enters the number in Digit 8 of X. 

Decimal Point,,"." 

After an ENTER key, it clears X and displays a decimal 
point in the left-most digit position. Following a number 
entry, it places a decimal point to the right of the last 
number entered. Subsequent depressions without an 
interceding number entry are ignored; subsequent de
pressions after interceding number entries will replace 
the previous point with one to the right of the last 
entered number. 

Change Sign Key, "CS" 

Changes the sign of X. 

Enter Key, "EN" 

Register Z is lost; Y is pushed up to Z and X is copied 
into Y. 

Addition Key,"+" 

X is added to Y and the result is placed in X. Z is 
transferred to Y and cleared. Following an "ARC" key, 
"+" adds the contents of X to M without changing X, 
Y or Z. 

CONDITIONS (REGISTER X = X) 

Result> g9gg9999_ 

IX I :S 0.00000001 

X<O 

y::::; 0 

.Qn g999g999 < X Qn Y < -28 

x::::; 0.00000001 

Qn gg9999gg < X < -28 

X;::: 7 radians or "-401° 

X>1 

X; ±90°, or X ~ 7 radians 
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Subtraction Key, "-" 

X is subtracted from Y and the result is placed in X. 
Z is copied into Y, then cleared. Following an "ARC" 
key, "-" subtracts the contents of X from M without 
changing X, Y or Z. 

Multiplication Key, "X" 

X is multiplied by Y and the result is placed in X. Z is 
transferred to Y and cleared. Following an "ARC" key, 
"X" converts the value of X from radians to degrees 
without changing M, Y or Z. 

Division Key, "7" 

X is divided into Y and the result is placed in X. Z is 
transferred to Y and cleared. Following an "ARC" key, 
"7" converts the value of X from degrees to radians 
without changing M, Y or Z. 

Pi Key, "rr" 

Register Z is Jost; Y is pushed up to Z and X to Y. The 
constant 3.1415926 is placed in X. 

Exchange Key, "+-'>-" 

Registers X and Y are exchanged. Z and M are not 
affected. 

Inverse Trigonometric and Multifunction Key, "ARC" 

When used as a prefix to one of the trigonometric keys 
it conditions the calculator to determine the inverse 
function of the value in X. For example "ARC" followed 
by "SIN" computes the angle that has.a sine equal to the 
value of X, replacing X with that angle in degrees. See 
key descriptions of "+," "-," "X," "7,'' "VX," "STO" 
and "C" for secondary functions assigned to those keys 
by preceding them with "ARC." "ARC" followed by 
any key other than one of the above or one of the trig 
functions will be ignored. 



Reciprocal Key, "1/X" replaces X with the result. The contents of Z are lost, Y 
retains the exponent and Z is cleared. M is not affected. 

A non-zero value of X is replaced by its reciprocal. 
Registers M, Y and Z are not altered. Memory Keys, "STO" and "RCL" 

Square Root Ke~, "../X" 

A positive value of X is replaced by its square root. 
Registers Y and Z are not altered. Following an "ARC" 
key, "../X" replaces the value of X with its square. 
Registers M, Y and Z are not affected. 

The memory store key, "STO" copies the value of X 
(including sign) into storage register M without altering 
the stack. "STO" following "ARC" squares the value 
of X and accumulates the result into M. Registers X, Y 
and Z are not affected. The recall key, "RCL," transfers 
Y to Z and X to Y, then copies M into X. Storage 
register M is not changed and Z is lost. Both "STO" 
and "RCL" terminate the entry mode. Logarithmic Keys, "LN" and "LOG" 

These keys replace the value of X by its natural or 
common logarithm, respectively; register Z is lost. M is 
not altered. 

MEMORY OPERATIONS RESULTING IN 
ERROR CONDITIONS 

Exponential Key, "ex" 

Determines the value of 2.7182818 raised to the power 
contained in register X, and places that value in X. The 
contents of Z are lost and Z is cleared .. M is not altered. 

Any operation in which the storage register M is involved 
that results in an error condition, will not affect the 
previous contents of M. For example, if by accumulating 
X into. M("ARC," "+")the contents of M will become 
greater than 99999999., an error indication will occur 
and the original contents of M are protected. As a result 
of the overflow, registers X and Z will be lost an shown 
in Table II. 

Power Key, "Yx" 

Determines the value of·y raised to the power of X and 

TABLE II, Summary of Stack Operations 

SINGLE FUNCTION OPERATIONS 

~ 

IT] 

'o~z 

:==c=: 
~LOST 

El 

•-v--• 
•---A.._x 

' ~x m--._----.:M 
'-----'- LOST 

0, GJ, 0;·· 0, c::J 
1.---LOST 

---.,---;.,.z 
v y 

I 

(NUxM:;)~X 

GJ.G.0.c:J 

AFTER (llil 
- OROTHER 

NUMBER. 
__ ..,_ AFTER ANY 

FUNCTION KEY. 

o~ y+x-x 
z--._'---Z y-x-x 
',~~y.x-x 

- tX 

0 --y--"-" LOST 

·~z 

•--v-x 
f(x)-A_LOST 

•-..,,--.x 
f(x) ,---A- LOST 

§:] 

,_-LOST 

•----',--z 

·~· 
x r=: 
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y:x-·x 

r-LOST 

•---'~z 
v---',--v 

:~· 



TABLE II. Summary of Stack Operations (Cont'd). 

SECOND FUNCTION SEQUENCES 

~ FOLLOWED BY [£], G 

--------z m+x-u 

·~·-•-M 

---c:-:~ ; ~ (RADIANSTOOEGR:~S~ 
\____ LOST . lb) DEGREES~; RADIAIU f 

~ FOLLOWED BY G'!J 

•---y-x 
x2--A._. LOST 

~ FOLLOWED BY m 

--------x· 
------<-M 

ERROR INDICATION 

D~LOST 

z~z 

·~; 
--------M 

~ FOLlOWED BY @!) 

m-----y-M 

x2 + m---"'- LOST 

~ FOLLDWEDBV·~' [@oR~ 

0 ---y--- LOST 

·~z 

•-v---x 
f{x)-----"'-- LOST 

[ 
ARCSINX 
ARCCDSX 
ARCTANX 

RANGE AND ACCURACY OF FUNCTIONS .../X. X2 ) have eight digit accuracy. All results are 
truncated. Table 111 summarizes range and accuracy of 
the other functions. Arithmetic calculations will be 
completed in less than 0.5· second; all others except 
Y" in less than 2.5 seconds and Y" in less tllan 5 seconds. 

The smallest magnitude that can be displayed is 
±0.00000001 and the total range is from -99999999 to 
+99999999. The arithmetic functions (+, -, x, +, 1/X, 

TABLE Ill- Digit ·Accuracy for Various Functions 

FUNCTION RANGE 

SIN, COS, TAN "\, -90° t-0 "\, 90° 
"' -360° to ~ 360° 

ARC SIN and ARC COS "\,-1to'v+1 

ARC TAN -99999999 to 99999999 

LOG x~o 

ex -28 :::::; X :::::; lln 99999999 

LN x~o 

...;x x~o 

yX v>o 
X lln Y ::; lln 99999999 

Note 1: Six digit accuracy, as an example, would be: 

123456XX 

L±, 

APPROXIMATE 
ACCURACY (Note 1) 

7 Digits 
6 Digits 

6 Digits 

6 Digits 

6 Digits 

6 Digits 

6 Digits 

8 Digits 

5 Digits 

n digit accuracy has the nth digit from the MSD being displayed accurate within ±1. 
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MM5762 financial calculator 
'general description · 
The single-chip MM5762 Business and Financial Calcu
lator was developed using a metal-gate, P-channel 
enhancement and depletion mode MOS/LSI te.chnology 
with low end-product cost as a primary objective. A 
complete calculator as shown in Figure 1 requires only 
the MM5762, a keyboard, DS8864 digit driver, NSA 1298 
LED display, 9V battery and appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and 7-segment output 
display encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the .MM5762, as it typically sources 
about 8.5 mA of peak current. [Note: The typical 
duty cycle of each digit is 0.104; average LED segment 
current is therefore approximately .0.104 (8.5 mA), or 
0.9 mA average. Correspondingly, the worse-case average 
segment current is 0.104 (5.0 mA). or 0.52 mA.] The 
ninth digit (left-most) is used for the negative sign, or 
the decimal point of a number less than unity. 

An internal power-on clear circuit is included that clears 
all registers, including the memory, when V DD and 
V55 are initially applied to the chip. 

Trailing zero suppressi1:m allows convenient reading of 
the left justified display, and conserves power. The 
DS8864 digit driver is capable of sensing a low battery 
voltage and providing a signal during Digit 9 time that 
can be used to turn on one of the segments as an 
~ndicator. Typical current drain of a complete calculator 
displaying five "5's" is 30 mA. Automatic display 
cutoff is included. If no key closure occurs for approxi
mately 35 seconds, all num.bers are blanked and all 
decimal points are displayed. 

The Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tion for testing or applications where the MM5762 is 
used with other logic or integrated circuits; e.g., with 
the MM5765 Programmer (Figure 3). 

Thirty-two keys are arranged in a four-by-nine matrix 
as shown in Figure 1. There are the standard four function 
keys (+, -, 7, x), Change Sign, Exchange, t!iree accumu
lating memory control keys plus ten unique business or 
financially oriented computation keys: three keys for 
entering interest.rate per period, number of periods and 
amount, three keys for computing present and future 
values, sinking funds, saving and loan payments and 
'other time/money factors, two keys for computing 
per cent and delta per cent, a sum-of-digits key and a 
power key. There is an automatic constant feature. 

The user has access to six registers 'designated X, Y, A, I, 
N and M. The X-register is used for keyboard entry and 
display. The Y and A-registers are used in multiply/ 
divide and add/subtract calculations, respectively. Interest 
values are .held in the I-register and the N-register stores 
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Calculators 

the number of time periods in financial calculations. 
M is an accumulating storage memory and is completely 
independent of the others. · 

Data is entered into the calculator in floating point 
business notation. All entries and results are displayed 
left justified with insignificant zeros to the right of the 
decimal point suppressed. All intermediate results of a 
chain calculation are floating point. Terminating keys 
(such as equal, per cent, etc.) round the displayed result 
to two decimal positions. 

features 
• Complete business and financial capability 

• Arithmetic functions: +, -, x, 7 

• Power function: Y" 

• Percent: both live percent and delta percent keys 

• Sum-of-digits capability for computing deprecia
tion or "Rule of 78's" loan costs 

• Financial functions: 
A "n" key, enters number of periods 

• "i" key, enters interest rate per period 

"' "AMT" key, enters given amount 

A "VAL" key, computes PV or FV 

"' "SAV" key, computes deposit or sinking fund 
amounts 

"' "LOAN" key, computes payment or loan 
amounts 

• Accumulating memory 

• Automatic constant 

• Convenient business (adding machine) entry notation 

• Eight full digits 

• Power-on clear 

• Automatic display cutoff 

• Low system cost 

DIGIT3 

DIGITZ z 

OIGIT1 J 

[ 

.. 4 

KJ 5 
SMTCH 
INPUTS & 

K2 

K1 1 

Yoo 8 

SEGMEUG 

S~GMENT B 10 

SEGMENTF II 

Vss 12 

24 DIGIT4 

23 DIGIT5 

22 DIGIT& 

21 DIGIT7 

20 OIGITB 

19 DIGIT9 

18 READY 

17 SEGMENT D 

16 SEGMENT E 

15 SEGMENT A 

14 DECIMAL POINT 

13 SEGMENT C 

Order Number MM5762N 
Sea Package 22 

m 



N 
CD absolute maximum ratings ,..... 
Ln 

::iE Voltage at Any Pin Relative to V85 . V88 + 0.3V to V88 - 12V 

::iE (All other pins connected to V55 .) 

Ambient Operating Temperature 0°C to +70°C 

Ambient Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 
r 

operating voltage range 

6.5V ~ Vss -V00 ~ 9.5V 

V55 is always defined as the most positive supply voltage. 

de electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Current (I oo I Yoo= Y88 -9.5Y, TA= 25°C 8.0 16.0 mA 

Keyboard Scan Input Levels 
(K1, K2, K3 and K41 

Logical High Level Yss--6.5V <::: v DD <::: Yss-9.5Y Y88 -2.5 y 

Logical Low Level Yoo= Y88-6.5Y Vss-5.0 Y• 
Y00 = Y58-9.5Y Yss--6.0 y 

Digit Output Levels 
Logical High Level (V 0H I RLoAo = 3.2 krl to Y 00 

Y85--6.5V <::Yoo<::: V88 -9.5Y Yss-1.5 y 

Logical Low Level (Y 0L) Y00 = Y88-6.5Y Yss--6.0 y 

Y 00 = Yss-9.5V V88-7.0 y 

Segment Output Current TA= 25°C 
(Sa through Sg and Decimal Point) YouT = V88-3.6Y, Y 00 = Y88-6.5Y -5.0 -8.5 mA 

VouT = V88-5V, Y00 "Y88-8Y -10.0 mA 
YouT = V88 -6.5Y, Y 00 = Y88-9.5Y -15.0 mA 

Ready Output Levels 
Logical High Level (Y oH) louT = -0.4 mA Y8 s-1.0 y 

Logical Low Level (V0 L) louT = 10µA Y00 +1.0 y 

ac electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Word Time (Figure 2) 0.32 0.75 2.0 ms 

Digit Time (Figure 2) 36 83 220 µs 

Segment Blanking Time (Figure 2) 2 4.5 14 µs 

Digit Output Transition Times CLOAD = 100 pF, RLOAD = 9.6 krl 2 µs 

(tRISE and tFALL I 

Keyboard Inputs High to Low CLOAD = 100 pF 4 µs 
Transition Time After 
Key Release 

Ready Output Propagation Time 
(Figure 41 

Low to High Level (tpoH I CLOAD = 100 pF 10 50 µs 
High to Low Level (tpoL I CLOAD = 100 pf 1 ms 

Key Input Time-out (Figure 51 
Key Entry 2.8 7.0 18 ms 
Key Release 5.1 12 32 ms 

Display Cutoff Time 15 35 92 sec 
, (The time after the last valid key 
closure that all numbers will be 
blanked and al1 decimal points 
displayed.) 

8·36. 



SOD 

REA{ j_.-----i-----.j_ .-...,.,,.--,,___.__ ........ _.__,___.__......., __ ......., 
Kl Sa Sb Sc Sd Se Sf Sg DP l l DP Sg Sf Se Sd Sc Sb Sa NSA129J 

----~: MMs762 v"J-, Cl n CJ Cl n n n n o 
;::::i;. "' .. " "' ....... " ·- l 'i} 9.- "ii· ~ 'ii'· 'if c;;. CJ. 'i!· 

~ '-+-~1-+--+-+--+--+--+-+-+-1---t-. 

LV GND.Vcc I--' 
IND 

+ 9V 

:- =:;~~."v 
-DR 

POWER 

088864 

\

EQUIV. 

L:J> 

5 

...,, 

KEYBOARD *Dual function keys. 

FIGURE 1. Complete Calculator Schematic 

03 

09 

DECIMAL POINT_..,_ _ __, __ _ 

Sb 

s, 

ACTUAL DISPLAY: C1-1i-1-11-1 "JI 
Ct I Cl ::1 -1 ::1.C I 

09------------01 

Fl GURE 2. Display Timing Diagram 

8-37 

SEGMENT 
DESIGNATION 



LED 

FINANCIAL 1 DISPLAY 

CALCULATOR 
fl} 

Vss SEGMENT DECIMAL DEC1MAL POINT SEGMENTS NSA1298 

~ 
OUTPUTS POINT 

~RD GRAM CICICICICICICIBCI K 
Yoo 

RUN 
INPUTS MM5762 MODE CJ. CJ. t.:J. L..l. U. U. LI. _7. L..7. 

~ r---t:l 
I 

(9) 

L.-
I 
9 
A 

4X 
DAT 

KEVBO ARD 
AN D 

• 1 x 
PRDGRAMM ER 

RDL CONT 
KEV BO ARD, 

~-:.I DATA 

~ 
v,. 

Kl/O's 

CONTROL •• 
LEARN MODE 
PROGRAMMER 

DIGIT 
OU'l'PUTS 

(9) 

(8) 

MM5765 

••• 

READY SWITCH I LOAD DIGIT 

(9) 

.I ~ OUTPUT Vee 

(9) 9V-=-
INPUT DS8864 --

~-J 
GND 

READY 
RUN/LOAD DIG 

ORI 

ALARM 
LED POWER 
ALARM SWITCH 
INDICATOR 

ON 

FIGURE 3. Lo~ Cost Hand Held Programmable Financial Computer using the MM5762 Calculator and MM5765 Programmer 

KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5762 is designed to interface with most I ow 
cost keyboards, which are often the least desirable from 
a false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when 
one of the key inputs, K1, K2, K3 or K4 are forced 
more positive than the Logical High .Level specified in 
the electrical specifications. An .internal counter is 
started as a result of the closure. The key operation 
begins after nine word times if the key input is still at a 
Logical High Level. As long as the key is held down 
(and the key input remains high) no further entry is 
allowed. When the key input changes to a Logical Low 
Level, the internal counter starts a sixteen word time-out 
for. key release. During both entry and release time-outS 
the key inputs are sampled approximately every other 
word time for valid levels. If they are found invalid, the 
counter is reset and the calculator assumes the last valid 
key input state. 

One of the popular types of low·cost keyboards available, 
the elastomeric conductor type, has a key pressure 
versus contact resistance characteristics that can generate 
continuous noise during "teasing" or low pressure key 
depressions. The MM5762 defines a series contact 
resistance up to 50 kn as a valid key closure, assuring 
a reliable interface for that type of keyboard. 

AUTOMATIC DISPLAY CUTOFF 

If no key is depressed for approximately thirty'five 
seconds, an internal automatic display cutoff circuit 
will blank all segments and display nine decimal points. 
Any key depression will restore the display.; to restore the 
display without modifying the status of the calculator, 
use two Change Sign key depressions. 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state the output is at a Logical 
High Level (near V55 ). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is completed and the key entry is accepted as 
valid, then goes low as. indicated in Figures 4 and 5. It 
remains at a Logical Low Level until the'fuhctioli 1nltiated 
by the key is completed .and the key is released. The low 
to high transition indicates the calculator has returned 
to an idle state and a new key can be entered. 

ERROR INDICATION 

In the event of an operating error, the MM5762 will 
display all zeros and all decimal points. The error indica
tion occurs if division by zero is attempted or either 
a result or intermediate value· exceeds 99999999. 



FIGURE 4. Ready Timing 
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FIGURE 5. Functional Description of Ready Signal and.Key Entry 

The indication is cleared by depressing any key. 

If an error results from a "+" or "-" key, the X-register 
is cleared and the last entry is saved in· the A·register; 
all other registers are not effected. An error condition 
during "x" or "+" operations clears X without changing 
any of the other registers. 

Overflow as a-result of the "Yx," "VAL," "SAV" or 
"LOAN" keys clears the X·register and destroys the 
values in N, I and A. Y is not changed. 

An attempt to raise a negative number to a power will 
cause the error indication to appear, the X-register will 
be cleared and the exponent will be stored in Y. The 
other registers are not changed. 

Overflow as a result of "M+" destroys the value stored 
in M, clears X and displays the error indication. Calcu
lations are immediately stopped and other registers are 
not cleared. 

AUTOMATIC CONSTANT 

The MM5762 retains as a constant the first factor of 
a multiplication calculation or the second factor of a 
division calculation, when that calculation is terminated 
by an "=" key, "%" key or "= +" key. Subsequent 
calculations using the stored constant are made by 
entering a number and operating upon it with the 

appropriate terminator ("=," "%" or "= +" key). The 
Y-register is used to store the constant in the constant 
mode of operation. 

The calcu later automatically changes to the cha in mode 
when an "x" or "+"key occurs in the calculation. In the 
chain mode, the result of each "x" or "+" key is stored 
in both X and Y·registers. A new entry replaces X with
out altering Y. At the completion of a chain calculation, 
the Y·register will contain the value used as first factor 
of the last multiply, or the latest entry if the last 
operation was a divide. 

Table I summarizes the four modes. 

KEY OPERATIONS 

(Note: Register X is always displayed.) 

Clear Key, "C" 

Following a number entry or a "MR'' key, it clears the 
X-register only (clear entry). Following any other key 
it clears registers X, Y and A. 

Number Entries 

The first entry clears the X·register and enters the 
number into the LSD of X. Second through eighth 
entries (excluding a decimal point) are entered one 

i .. 



digit to .the right of the last number. The ninth, and 
subsequent entries are ignored. First entry after .a "+," 
11
-," or ''M+" following a "+" or "-" key causes the 

number in the X-register to be transferred to the 
A-register before clearing and placing the new entry 
in X. 

Decimal Point, "~" 

As the first depression of a number entry, it clears the 
X-register and places a point in the leftmost digit. If 
the previous key was a number. it enters a decimal 
point to the right of the last number entered. Following 
a "+," "-," or those keys preceding a "M+" key, the 
X-register · is transferred to A, cleared and a decimal 
point entered in the leftmost digit. The last decimal 
point depression in a single number entry is accepted 
as the valid point. 

Change Sign Key, "CS" 

Changes sign of register X. 

Addition Key, "+" 

If the previous key was not a ''.+" or "-" key, the number 
in the A-register is added to the X-register, X is trans
ferred to A, and the sum is stored in X. When the iast 
key was a "+" or "-" key, the number in A is added to 
the number in X without destroying the value of A. 
The sum is stored in X. 

Subtraction Key, "-" 

If the previous key was not a "+" or "-" key, the 
number in the X-register is subtracted from the number 
in the A-register, X is transferred to A, and the difference 
is stored in X. When the last key was a"+" or"-" key, 
the number fn A is subtracted from X without destroying 
the value of A. The result is stored in X. 

Multiplication Key, "x" 

If there has not been a "x" or "+" key since the last 
terminator key ("=," "= +" or "%"), the value of the 
X-register is copied into the Y-register and the calculator 
is set to the chain multiply mode. In a chain calculation 
in which there has been a "x" key since the last termina
tor or "+" key, X is multiplied by Y and the resulting 
product is stored in both X and Y; if a "+" key has 
occured since the last terminator or "x" key, depression 
of "x" will divide the Y-register by the X-register, with 
the quotient stored in both X and Y. 

Division Key, "+" 

If there has not been an "x" or "+" key since the last 
terminator key ("=," "= +" or "%"), the value of the 
X-register is copied into the Y-register and the calculator 
is set to the chain divide mode. In a chain calculation 
if an "x" key has occured since the last terminator or 
"+" key, X is multiplied by Y and the product is stored 
in both X and Y; if a "+"key has occured since the last 
terminator or "x" key, depression of "+" will divide 
the Y-register by the X-register. with the quotient stored 
in both X and Y. -

TABLE 1. Mode Summary 

MODE 
KEYS THAT DESCRIPTION 
SET MODE (See Calculation Examples) 

CLEAR Depression of an "=," "= +" or "%" key will multiply 

= the X-register by the Y-register and replace X with the 
=+ product. Y remains unchanged. 
% 

CONSTANT c. 
MULTIPLY yx 

SOD 
VAL 
SAV 

LOAN ""•" 

CHAIN 
x, Depression of an "=," "= +" or "%" key will multiply 

MULTIPLY 
Following a terminator or "+" the X-register by the Y-register and place the product in 
or "x" operation X. Y remains unchanged. 

= } With calculator Depression of an "=," "= +" or "%" key will divide the 
CONSTANT 
DIVIDE 

=+ previously in chain X-register by the Y-register and replace X with the 
% divide mode. quotient. Y is unchanged. 

CHAIN 
Depression of an "=," ":::. +" or "%" key will divide the 

DIVIDE 
Following a terminator or "+" Y-register by the X·register, transfer X to Y, and place 
or "x" operation the quotient in X. 
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Equal Key, "=" 

In the chain multiply mode, the value in the X-register 
is multiplied by the Y-register with the product stored 
in X. Register Y remains unchanged. In the- chain 
divide mode, depression of "=" will divide Y by X, 
transfer X to Y, and place the quotient in X. If the 
calculator is in constant multiply, "=" will multiply X 
by Y, place the product in X and retain Y. For constant 
divide, the X-register is divided by Y, the quotient is 
stored in X; Y is unchanged. 

The "=" key always rounds the answer stored in X to 
two places to the right of the decimal point, and clears 
register A. 

Percent Key, "%" 

This key acts exactly like the "=" key except the value 
of X is divided by 100 and copied into register A 
before performing the required operation. Register A is 
not cleared. The result stored in the X-register is 
rounded to two decimal positions. 

Automatic Accumulation Key, "= +" 

It acts just like the "=" key in all modes. After the 
result is stored in X, the value of X is added to the 
number in the M-register. The result stored in X and 
accumulated into M is rounded to two decimal places. 
Register A is cleared. 

Memory Plus Key, "M+" 

The number in the X-register is accumulated into the 
M·register. Registers X and A are not changed, so the 
repeat addition or subtraction conditions that existed 
before accumulation to memory are still valid. 

Memory Recall/Memory Clear Key, "MR" 

Following any key except "MR," the value of the M
register is copied into the X-register. If the preceding 
key was "+.'' "-" or "M+" following "+" or "-," the 
number in the X-register is transferred to the A-register 
before M is recalled. Following another "MR" key, the 
M'register is transferred to X, then cleared. 

Delta Percent Key, "C." 

The value of X is subtracted from the Y-register, the 
difference is divided by the value of X and placed in X. 
The new value of Xis multiplied by 100 and rounded to 
two digit places. Y retains the difference between the 
original values of X and Y; register A is unchanged. 
Calculator mode is set to constant multiply. 
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Power Key, "Yx" 

When the calculator 1s in either the chain or constant 
multiply modes, depression of "Yx" raises the number 
in the Y-register to the power of the X-register and 
replaces X with the result. (Thus, to raise two to the 
fifth power, use,the sequence: "2," "x," "5," "Yx.'.') 
If the calculator is in the constant or chain divide modes, 
the value of Y is raised to the inverse of X power; i.e., 
the key sequence "5," "7," "2," "Yx ," results in the 
calculation of 5 raised to the 1 /2 power. The original 
value of X is retained in Y and register A is cleared. 
The calculator is set to the constant multiply mode. 
Results computed with the "Yx" key are rounded to 
five places. 

Exchange Key, "<-->" 

The X and Y-registers are exchanged. No other registers 
are effected. 

Interest Entry Key, "i" 

If the sign of the number in the X-register is positive, 
"i" divides the number by 100 and stores the quotient 
in X and the I-register. If the value of X is initially 
negative, "i" changes the sign, divides by 1200 and 
stores the quotient in both X and I; i.e., the interest 
will be compounded monthly. 

Number of Periods Entry Key, "n" 

If the sign of the number in the X-register is pos1t1ve, 
X is copied into register N. A negative value of X is 
changed to a positive number, multiplied by 12 and the 
product stored in N and X. 

Amount Entry Key, "AMT" 

The value of the X-register is copied into the Y-register. 
No other registers are effected. 

Value Key, "VAL" 

If the number in the X-register is positive, the "VAL" 
key will compute future value: the sum of money 
available at the end of n periods from the present date 
(N-register) that is equivalent to the, present amount 
(Y-register) with interest i (I-register). When the sign of 
the number in Xis negative, the "VAL" key will compute 
present value: the sum of money necessary today to 
accumulate the future amount contained in Y over the 
n periods of N at the interest rate per interest period that 
is stored in I. Thus, to compute future value, simply 
enter i, n and amount in any order and press "VAL." 
For present value, precede "VAL" with "CS," setting 
a negative sign in X. Registers Y, N and I are not altered; 
X is replaced by the computed value and register A is 
cleared. The calculator is set to the constant multiply 
mode. The result is rounded to two decimal places. 



Savings Deposit Key, "SAV" 

If the number in the X-register is negative, the "SAV" 
key will compute the amount to be deposited at the 
end of each period in a sinking fund for the number of 
periods, n, contained in register N, at an interest rate, i, 
contained in register I, compounded each time period, 
to accumulate the desired amount, contained in register 
Y. When the sign of the number in X is positive, the 
"SAV" key will compute the amount in a sinking fund 
if the number in Y is deposited at the end of n time 
periods (N-register) at an interest rate per time period i 
(I-register), compounded each time period. Thus, to 
compute the required sinking fund deposit to accumulate 
a desired amount over a given period of time, enter i, n 
and the amount in any order using the "i," "n" and 
"AMT" keys, then "CS" and "SAV," To find the 
amount in the sinking fund, simply enter i, n and the 
periodic amount of deposit and press "SAV." Registers 
N, I or Y are not altered by the calculation, register A 
is cleared and register X contains the computed value. 
The calculator is set to the constant multiply mode. 
Results are rounded to two decimal .places. 

Loan Installment Key, "LOAN" 

If the number in the X-register is negative, the "LOAN" 
key will compute the end-of-period payment or receipt 
required over the number of time periods contained in 
the N-register at an interest rate per time period equal 
to the value in the I-register to support a loan equal to 
the amount stored in the Y-register. When the sign of 
the X-register is positive, "LOAN" computes the amount 
that can be loaned for a given end-of-period payment 
stored in Y over the number of time periods contained in 
N at the interest rate per time period of I, compounded 
each time period. Thus, to compute the required install
ment on a given loan, enter the amount of the loan 
using the "AMT" key, the interest rate using "i" and 
the number of periods with "n," press "CS" to enter a 
negative sign in register X, then "LOAN." To compute 
how much can be borrowed given a fixed payment, 
enter the payment amount, number of periods and 
interest rate, then "LOAN." "AMT," "i" or "n" can 
always be entered in any order. Registers N, I or Y are 
not altered by the calculation; register A is cleared and 
register X will contain the computed value. The calculator 
is set to the constant multiply mode. The result is 
rounded to two decimal places. 

Sum-of-Digits Key, "SOD" 

Following a ''+" or "-" key, it transfers the number in 
register X to register A and computes a first sum-of-digits 
depreciation on that number by multiplying it by the 
ratio of the number in the N-register to the sum-of-digits 
of N .. The result is rounded to two decimal places and 
stored in X; the difference between the initial and final 
values of X, ·the depreciable value, is stored in registers Y 
and A. N is decremented by one. {Therefore, to find 
depreciable value, simply use the"<-->" key.) Subsequent 
depressions of the "SOD" key will compute successive 
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depreciation and depreciable value amounts using the 
original value of N and present values stored in N and A. 
N is decremented by one after each computation. The 
number to be depreciated (or the loan amount in a 
"Rule of 78's" interest calculation) is always entered 
with a "+" or "-" key and the number of periods with 
the "n" key, without regard to key order. If the key 
preceding "SOD" is not "+" or "-," the sum-of-digits 
computation is performed on the number in the A-register 
without the number in X first being ·transferred to A. 
The result will be rounded to two decimal places; cal
culator mode is set to constant multiply. 

EXAMPLES 

1. Addition or subtraction 

KEYS DISPLAY 

2 
2. ·-..\ 
3 
3. 
3.2 
5.2 
1 
1 2 
1 2. 
1 2.3 

~1.1 

2. Repeat add or subtract 

KEYS DISPLAY 

3 
3. 
3.1 

+ 3.1 
6.2 

+ 9.3 
6.2 

2.0 
3.2 

-12.3 

COMMENTS 

Note adding machine notation 

COMMENTS 

3. Chain multiplication or division 

KEYS 

al 

DISPLAY 

1 
1. 
2 
2. 
3 
3. 
3.1 
6.2 
4 
4. 
4.2 
2 6.04 

COMMENTS 



EXAMPLES (continued) 

3 •• (continued) 

KEYS DISPLAY 

bl 1 1 
0 10 
T 1 0. 

2 
+ 5. 
1 1 
0 1 0 

.5 
2 
.2 5 

cl 2 2 
0 20 

20. 
4 
80. 
8 
1 0. 
7 
1.4285714 
4 
5.~ 1 

COMMENTS 

""'"" rounds to two 
decimal places 

4. Constant multip_lication or division. 

KEYS 

al 3 
x 
2 

4 

5 

2 

bl 5 

4 

5 

DISPLAY 

3 
3. 
2 
6. 
4 
1 2. 
5 
5. 
5.2 
1 5.6 
46.8 

5 
5. 
2 
2.5 
4 
2. 
5 
5. 
5.2 
2.6 
1.3 

COMMENTS 

~irst factor in constant multiply 

15.6 is re-entered and 
multiplied by constant 

Second factor in sonstant divide 

2.6 is re-entered and 
divided by constant 

5. To perform products of sums. 

(5 + 4) x (3 + 2)/(6 + 7) = ? 

KEYS DISPLAY COMMENTS 

5 
+ 5. 
4 4 
+ 9. 

9. Chain multiply mode is set 
3 

+ 3. 
2 2 

5. 
+ 4 5. (5 + 41 x (3 + 21 is executed 

6 
+ 6. 
7 7 
+ 13. 

3.4 6 45.+ (6 + 71 is executed 
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6. Calculate percentage. 

KEYS DISPLAY 

3 
0 
0 

2 
5 
x 
5 
% 

3 
30 
300. 
300. 
300.2 
3 00.2 5 
3 0 0.2 5 
5 
15.01 

COMMENTS 

"Live%" key 

7. Perform add on and discount 

KEYS DISPLAY 

al Add-On: $125 plus 5% 

1 1 
2 1 2 
5 1 25. 
x 1 25. 
5 5 
% 6.25 
+ 131.25 

b) Discount: $532.10 by 6% 

5 5 
3 53 
2 532 

5 3 2. 
5 3 2.1 

x 5 3 2.1 
6 6 
% 31.9 3 

5 0 0.1 7 

8. Perform change sign. 

KEYS DISPLAY 

·1 
2 1 2 

cs -1 2 
3 -123 

-123. 
cs 1 2 3. 
5 123.5 

cs -123;5 
-123.56 

COMMENTS 

5% of 125 is displayed 
125 + 5% is.displayed 

6% of 532.1 is displayed 
532.1 - 6% is displayed 

COMMENTS 

{ Chan_g~ sign does not 
terminate entry. 

9. Perform exchange registers (X ++Y). 

KEYS 

al 5 · 
x 
3 

bl 6 

DISPLAY 

5 
5. 
3 
1 5. 
4 
5. 
2 0. 

6 
6. 
3 
6. 

.5 

COMMENTS 

5 is initially constant multiplier 

4 is now constant multiplier 

{ N~merator and denominator 
are exchanged 

10. Accumulate in memory, recall and clear memory 

KEYS DISPLAY COMMENTS 

al 3 3 
M+ 3. Accumulate in memory 
4 4 

M+ 4. A~cumulate in memory 
5 5 

MR 7. Recall memory 
MR 7. Recall and clear memory 
MR 0. Recall and clear memory 



N 
co ...... 
in 

EXAMPLES (continued) 13. Raising a number to a fractional power. :E 
:E KEYS DISPLAY COMMENTS 

10. (continued) a) 5112 = 2.2361 

KEYS DiSPLAY COMMENTS 5 
5. 

b) 5 2 

5. Y' 2.2361 Rounded to five digits 

6 6 b) s113 = 1.8111 
+ 11. 

M+ 11. Accumulate in memory 6 6 
7 7 7 6. 
+ 1 8. !l 3 

M+ 1 8. 11 + 18 is accumulated in M Y' 1.81 71 Rounded to five digits 
+ ·2 5: Repeat add 
3 3 

FINANCIAL EXAMPLES 2 32 
3 2. 

"2 3 2.2 1. Future Value Computations 
cs -3 2.2 
M+ -3 2.2 29-=- 32.2 is accumulated in M 
9 9 To find the accumulated amount in a savings account 

3 4. at the end of 9 years when a) $2500.00 is deposited 
MR -3.2 Accumulated value of M is recalled at 5.25% interest compounded monthly. b) $3000. 30.8 
MR -3.2 Accumulated value of M is recalled c) $3000 at 5.00% interest. d) $3000 at 5.00% interest 
MR -3.2 M is cleared for 10 years. 
MR o. 

KEYS DISPLAY COMMENTS 

11. Accumulate in memory with the use of the"=+" key. a) 9 9 Number of years 
cs -9 Compounded monthly 
n 108. Store 9 x ~2 in N 

KEYS DISPLAY COMMENTS 5.25 5.2 5 Interest 

5 
cs -5.25 CorTipounded monthly 

5. i .0 04 3 7 5 Store 5.25/1200 in I x 
2500 2500 Original deposit 3 3 

=+ 1 5. 5x3= 15isaddedto M AMT 2500 Store in Y 

4 4 VAL 4005.87 Rounded to two decimal places 

4. b) 3000 3·000 
2 4.2 AMT 3000. New deposit stored in Y 
x 4.2 VAL 4807.04 
3 3 

=+ 1 2.6 12.6 is added to M c) 5 5 
6 6 cs -5 
7 6. .00416666 New interest rate in I 

7 { Rounded to 2 decimal places VAL 4.7 0 0.5 3 
=+ .8 6 . and added to memory 
9 9 d) 10 1 o 

cs -9 { Note method of multiplying cs -1 0 
x -9. 

negative nu'"!lber 
n 120. Enter.10.x 12in N 

4 4 VAL 4941.02 
=+ -36. -36. added' to memory 
MR -1.54 

2. Present Value cor:iputations 

12. Raising a number to a power. To find the amount to be deposited to accumulate a) 
$5000 in 7 years at 4.5% interest compounded monthly. 

KEYS DISPLAY COl'J!MENTS b) $10,000. c) $10,000 in 7.5 years. 
a)25 =32 KEYS DISPLAY COMMENTS 

2 
,•l 7 7 Number of years 

2. cs -7 Compounded monthly 
5 n 84. Enter 7 x 12 in N 

Y' 3 2. 4.5. 4.5 Interest 

b) 51·5 =11.18 cs -4.5 Compounded monthly 
l .0 0 3 7 5 Enter 4.5/1200 in I 

5 5000 5000 Future value 
5. AMT 5000. Enter amount in Y 
1 cs -5 o o o. 
1. VAL 3651.1 Present value required 
1.5 

b) Y' 11.1 8 Rounded to five digits; trailing 10000 10000 

zero is suppressed AMT 1000 0. New future value in Y 
cs -10000. 

cl 3·5 = D.00412 VAL 7302.19 Present value required 

3 c) 7.5 7.5 
3. cs -7.5 

5 5 n 90. New time period in N 
cs -5 cs -90. 
Y' .004 1 2 Rounded to five digits VAL 7140.03 Present value required 
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FINANCIAL EXAMPLES (continued) 

3. To find the amount that a) must be deposited 
monthly in a savings account at an interest rate of 
5.5% compounded monthly for 5 years to accumulate 
$15,000. b) compounded, and deposited quarterly. 

KEYS 

al 5.5 
cs 
i 
5 

cs 
n 

15000 
AMT 
CS·· 

SAV 

b) 5.5 

4 

i 
c 

x 
4 

15000 
AMT 
cs 

SAV 

DISPLAY 

5.5 
-5.5 
.00458333 
5 

-5 
6 0. 
15000. 
15000. 

-15000. 
217.77 

5.5 
5.5 
4 
1.3 7 5 

.0 1 3 7 5 

5 
5. 
4 
2 o. 
2 0. 
15000 
150 00. 

-15000. 
6 5 6.7 1 

} 

COMMENTS 

Interest 
Compound monthly 
Enter 5.5/1200 
Number of years 
Compound monthly 
Ent 5 x 12 in N 
Future value 
Entered in Y 

Monthly deposit required 

Interest 

Compound quarterly 
Use·"-;-'' instead of"=" 
for maximum accuracy 
Enter 5.5/400 
Terminate chaii:i calcula
tion 
Number of years 

Compound quarterly 

Enter 5 x 4 in N 
Re-enter FV in Y 
Amount 

Quarterly deposit required 

4. To find the amount accumulated a) if $100 is 
deposited at the end of each month for 6 years in a 
savings account at an interest rate of 4.75%, com
pounded monthly, b) at 7 .5%, c) at 4.75% for 9 years. 

a) 

b) 

c) 

KEYS 

4.75 
cs 

6 
cs 
n 

100 
AMT 
SAV 

7.5 
cs 

SAV 

4.75 
cs 

9 
cs 

SAV 

DISPLAY 

4.75 
-4.75 
.00395833 
6 

-6 
7 2. 
100 
1 00. 
8311.93 

7.5 
-7.5 
90. 
107 8 6.3 7 

4.7 5 
-4.7 5 
.00395833 
9 

-9 
1 08. 
13443.17 

COMMENTS 

Interest 
Compounded monthly 
4.75/1200 entered in I 

Accumulated sinking fund 

5. To find the'inonthly payments of a loan of $5,000 
at an annual percentage rate of a) 18% for 5 years, 
b) 12%. 

KEYS 

a) 18 
cs 
i 
5 

cs 
n 

5000 
AMT 
cs 

LOAN 

DISPLAY 

18 
-.18 
.0 1 5 
5 

-5 
6 0. 

.5000 
5000. 

-5 0 0 0. 
126.97 

COMMENTS 

Interest 
Compounded monthly 
18/1200 entered in I 
Number of years 
Compounded monthly 
5 x 12 entered in N 
Loan amount 
Entered in Y 

Required monthly installment; 
rounded to two decimal places 
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5. (continued) 

KEYS DISPLAY 

b) 12 
cs 

cs 
LOAN 

1 2 
-1 2 
.01 

-.o 1 
111.22 

COMMENTS 

New interest entered in I 

Ne'f monthly installment 

6. To find the amount of a loan with monthly payments 
of $125, and an interest rate of 9% for 3 years. b) 4 
years. c) $120 for 4 years. 

KEYS 

a) 9 
cs 
i 
3 
cs 

125 
AMT 

LOAN 

b) 4 
cs 

LOAN 

c) 120 
AMT 

LOAN 

DISPLAY 

9 
-9 
.0 0 7 5 
3 

-3 
3 6. 
125 
125. 
3 9 3 0.8 5 

4 
-4 

4 8. 
5 0 2 3.1 

120 
1 20. 
4822.17 

COMMENTS 

Interest 
Compounded monthly 
9/1200 entered in 1 
Number of years 
CornpoUnded monthly 
3·x 12 entered in N 

Payment amount entered in Y 
Loan amount is computed 

( New number of periods 
entered in N 

{ New. payf!lent amount 
entered in Y 

7. To find the amount of change and the percent change 
of a house now valued at $56,500 which was previously 
purchased for $49,750. b) present value of $30,000. 

KEYS 

a) 56500 
AMT 

49750 
A 

b) 30000 
AMT 

49750 
A 

DISPLAY 

56500 
5 6 5 0 o. 
49750 
13.57 
6 7 5 0. 

30000 
3 0 0 0 0. 
49750 

-39.7 
-197 50. 

COMMENTS 

Present value 
Enter in Y 
Past value 
% change 
Amount change 

New present value 

Negative % change 
Amount change 

8. Performing a sum-of-digits depreciation. Find the 
depreciation and depreciable value for each year, on 
an item with an initial cost of $3,500.00 and a salvage 
value at the end of 8 years of $675.00 

KEYS 

3500 

675 

n 
SOD 

SOD 

SOD 

SOD 

SOD 

SOD 

SOD 

SOD 

DISPLAY 

3500 
3500 
675 
2 8 2 5. 
8 
8. 
6 2 7.7 8 

21 9 7.2 2 
549.31 
16 4 7.91 
4 7 0.8 3 
11 7 7.0 8 
3 9 2.3 6 
7 8 4.7 2 
313.89 
4 7 0.8 3 
23 5.4 2 
23 5.41 
156.94 
7 8.4 7 
7 8.4 7 
0. 

COMMENTS 

Enter initial value 
Enter salvage value 
Calculate change 

Enter period in N 
1st year depreciation. 
Rounded to two decir:nal 
places 
Depreciable value 
2nd year depreciation 
Depreciable value 
3rd year depreciation 
Depreciable value 
4th year depreciation 
Depreciable value 
5th year depreciation 
Depreciable value 
6th year depreciation 
Depreciable value 
7th year depreciation 
Depreciable value 
8th year depreciatiori 
Depreciable value 



MM5763 statistical calculator 
general description 
The single-chip MM5763 Statistical Calculator was 
developed using a metal-gate, P-channel enhancement 
and depletion mode MOS/LSI technology with low 
end-product cost as a primary objective. A complete 
calculator as shown in Figure 1 requires only the 
MM5763, a keyboard, DS8864 digit driver, NSA 1298 
LED display, 9V battery and appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and 7-segment output 
display encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the MM5763, as it typically sources about 
8.5 mA of peak current. [Note: The typical duty cycle 
of each digit is 0.104; average LED segment current is 
therefore approximately 0.104 (8.5 mA), or 0.9 mA 
average. Correspondingly the worse-case average segment 
current is 0.104 (5.0 mA), or 0.52 mA.] The ninth digit 
(left-most) is used for the negative sign, or the decimal 
point of a number less than unity. 

An internal power-on clear circuit is included that clears 
all registers, including the memory, when V00 and Vss 
are initially applied to the chip. 

Trailing zero suppresion allows convenient reading of the 
left justified display, and conserves power. The DS8864 
digit driver is capable of sensing a low battery voltage 
and providing a signal during Digit 9 time that can be 
used to turn on one of the segments as an indicator. 
Typical current drain of a complete calculator displaying 
five "S's" is 30 mA. Automatic display cutoff is included. 
If no key closure occurs for approximately 25 seconds, 
all numbers are blanked and all decimal points displayed. 

The Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tion for testing or applications where the MM5763 is 
used with other logic or in1;egrated circuits; e.g., with the 
MM5765 Programmer (Figure 3). 

Thirty-two keys are arranged in a four-by-nine matrix 
as shown in Figure 1. There is an automatic constant 
feature. 

The user has access to eight registers cjesignated X, T, 
A, C, Y, S, N and M. The X-register is used' for 
keyboard entry and display. The T and A·registers 
are used in multiply/divide and add/subtract calculations, 
respectively. C, Y, Sand N-registers are used specifically 
for calculating the statistical functions. M is an accumu
lating storage memory. Statistical key functions use 
essentially all registers, including M. 

Data is entered into the calculator in floating point 
business notation. All entries and results are displayed 
left justified with insignificant zeros to the right of the 
decimal point suppressed. All intermediate results of a 

' 
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Calculators 

chain calculation are floating point. Terminating keys: 
equal, percent and"=+" round the display result to two 
decimal places. 

features 
• Complete business an.d statistical capability 

• Arithmetic functions+,-. x, 7 

• Per cent: includes markup and discount 

• Statistical functions: 

.t. "L:x" key sums X, X2 and N 

.t. ":L:y" key sums Y, Y2 and X • Y 

.t. "REMOVE x" key corrects ":L:x"mistake 

.t. "REMOVE y" key corrects "L:y" mistake 

.t. "FREQ x" key sums grouped data for standard 
deviation 

.t. "X, SD" key calculates standard deviation and 
mean 

.t. ''COR-SLOPE" key performs linear regression 
giving coefficient of correlation, slope, and 
intercept 

.t. "INT" key calculates y-intercept on line for 
given x 

• Square root 

• Accumulating memory 

• Auto constant 

• Business notation 

• +, - "adding machine" notation 

• x, 7, = algebraic notation 

• Eight full digits 

• Power·on clear 

• Display cutoff 

• Low system cost 

connection diagram (DIP Top View) 

DIGIT 3 24 OIGIT4 

DIGIT2 23 DIGITS 

DIGIT 1 22 DIGIT6 

r 21 
DIGIT7 

K3 5 2D 
DIGITS 

SWITCH 
INPUTS 

19 DIGIT9 ,, 
,, IS READY 

v,, 17 SEGMENT D 

SEGMENT G 16 SEGMENT E 

SEGMENT B 10 15 SEGMENT A 

SEGMENT F 
11 " DECIMAL Pm NT 

v~ 
12 13 SEGMENT C 

Order Number MM5763N 
See Package 22 



absolute maximum ratings 

Voltage at Any Pin Relative to V55 • (All other Vss + 0.3V to V55 -12.0 
pins connected to V 55 ) 

Ambient Operating Temperature 0°C to +70°C 
Ambient Storage Temperature -55°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

operating voltage range 

6.5V~Vss -V00 ~9.SV 
Vss always defined as most positive supply voltage. 

de electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Current (I DD) VDD = V55 --9.5V, TA = 25°C 8.0 16.0 mA 

Keyboard Scan Input Levels 
(Kl, K2, K3 and K4) 

Logical High Level V55 -6.5V $ VDD $ V55--9.5V V55-2.5 v 
Logical Low Level VoD = V55 -6.SV Vss-5.0 v 

VDD = V55-9.5V Vss-6.0 v 
Digit Output Levels 

Logical High Level (V 0 H) RLOAD = 3.2 kQ to V DD 
V55-6.5V $ VDD $ V55--9.5V V55-1.5 v 

Logical Low Level (V oc) VDo = V55-6.5V Vss-6.0 v 
VoD = V55--9.5V Vss-7.0 v 

Segment Output Current TA= 25°C 
(Sa through Sg and Decimal Point) VouT = V55~3.6V, VDD = V55--6.5V -5.0 ·8.5 mA 

VouT = V55-5V, VDD = V55-8V -10.0 mA 
VouT = V55 -6.5V, VDD = V55--9.5V -15.0 mA 

Ready Output levels 
Logical High Level (VoH) louT = -0.4 mA Vss-1.0 v 
Logical Low Level (Voe) louT = 10µA VDD+l.O v 

ac electrical characteristics 

PARAMHER CONDITIONS MIN TYP MAX UNITS 
; 

Word Time (Figure 2) 0.32 0.8 2.0 ms 
DI 

I 

Digit Time (Figure 2) 36 89 222 µs 

Segment Blanking Time (Figure 2) 2 5.5 14 µs 

Digit Output Transition Times CLOAD = 100 pF, RLOAD = 9.6 kSl 2 µs 
. (!RISE and tFALcl 

Keyboard Inputs High to Low CLOAD = 100 pF 4 µs 
Transition Time After 
Key Release 

Ready Output Propagation Time 
(Figure3) 

Low to High Level (tPDH) CLOAD = 100 pF 10 50 µs 
High to Low Level (tPDL) CLOAD = 100 pF 1 ms 

Key Input Time·out 
Key Entry 2.8 7.2 18 ms 
Key Release 5.1 12.8 32 ms 

Display Cutoff Time 10 25 63 sec 
(The time after the last valid key -
closure that all numbers will be 
blanked an.d all decimal points : 
displayed.) 
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FIGURE 3. Low Cost Handheld Programmable Statistician Computer Usin'!i the MM5763 Calculator and MM5765 Programmer. 

KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5763 is designed to interface with most low 
cost keyboards, which are often· the least desirable 
from a false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when 
one of the key inputs, K1, K2, K3 or K4 are forced 
more positive than the Logical High Level specified in 
the electrical' specifications. An internal counter is 
started as a result of the closure. The key operation 
begins after nine word times if the key input is still 
at a Logic;al High ·Level. As long as the key is held 
down (and the key input remai.ns high) no further 
entry is allowed. When the· key input changes· to a 
Logical Low Level', the internal counter starts a sixteen 
word time~ut for key release. During both entry and 
release time-outs the key inputs are sampled approxi
mately every other word time for valid levels. If they 
are found invalid, the counter is reset and the calculator 
assumes the last valid key input st.ate. 

One ofthe popular types of low-cost keyboards available, 
the elastomeric conductor type, has a key pressure 
versus contact resistance characteristic that can generate 
continuous noise during "teasing" or low pressure key 
depressions. The MM5763 defines a series contact 
resistance up to 50 k!l as a valid key closure, assuring a 
reliable interface for that type of keyboard. 

AUTOMATIC DISPLAY CUTOFF 

If no key is depressed for approximately twenty-five 
seconds, an internal automatic display cutoff circuit 
will blank all segments and display nine decimal points. 
Any key depression will restore the display; to restore 
the display without modifying the status of the calculator, 
use two Change Sign key depressions. 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state the output is at a Logical 
High Level (near Vss ). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is completed and the key entry is accepted as 

- valid, then goes low as indicated in Figures 4 and 5. It 
remains at a Logical Low Level until the function initiated 
by the key is completed and the key is releas~d. The low 
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to high transition indicates the calculator has returned to 
an idle state and a new key can be entered. 

ERROR INDICATION 

In the event of an operating error, the MM5763 will 
display all zeros and all decimal points. The errnr 
indication occurs if division by zero is attempted or 
either a result or intermediate value exceeds 99999999. 

The indi.cation is cleared by depressing any key. 

If an error results from a"+" or"...,-" key, the X-register 
is cleared and the last entry is saved in the A-register; all 
other registers are not effected. An error condition 
during "x" or "+" operati'ons clears X without changing 
any of the other registers. 

Overflow as a result of the statistical keys can effect 
any .register they use; "CA" should be. depressed if an 
error occurs. 

Overflow as a result of "M+" saves the value stored in M, 
clears X and displays the error indication. Calculations 
are immediately stopped and other registers are not 
cleared. 

AUTOMATIC CONSTANT 

The MM5763 retains as a constant the first factor of a 
multiplication calculation or the second factor of a 
division calculation, when. that calculation is terminated 
by "=" key, "%" key or "= +" key. Subsequent 
calculations using the stored constant are made by 
entering a number and operating upon it with the 
appropriate terminator ("= ," "%" or "= +" key). The 
T-register is used to store the constant in the constant 
mode of operation. · 

The· calculator autor:natically changes to the chain mode 
when a "x" or "+" key occurs. in the calculation. In 
the chain mode, the result of each "x" or "+" key is 
stored in both X and T-registers. A new entry replaces 
X without altering T. At the completion of a chain 
calculation, the T-register will contain the value used as 
first factor of the last multiply, or the latest entry if the 
last operation was a divide. 

Table I summarizes the four modes. 



TABLE I. Mode Summary 

MODE 
KEYS THAT DESCRIPTION 
SET MODE (See Calculation Examples) 

CONSTANT "CLEAR .. Depression of an "=." "= +" or "% .. key will multiply 
MULTIPLY "=" the X-register by the T-register and replace X with the 

"=+" product. T remains unchanged. 
"%'' 

CHAIN "x.·· Depression of an "= ," "= +" or "%" key will multiply 
MULTIPLY following a terminator, Qr "-i-" the X-register by the Y-register and place the product in 

or "x" operation X. T remains unchanged. 

CONSTANT "=" 

J 
With calculator Depression of an "=." 11= +" or "%" key will divide the 

DIVIDE "=+" pr~viously' in chain X-register by the T-register and replace X with the 
"%" divide mode. quotient. T is unchanged. 

CHAIN "..:..." Depression of an"=,""=+" or"%~' key will divide th~ ., 
DIVIDE following a terminator or "+" T-register by the X-register, transfer X to T, and place 

or "x" operation the quOtient in X: 

FIGURE 4. Ready Timing • 
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FIGURE 5. Functional Description of Ready Signal and Key Entry. 

KEY OPERATIONS 

(Note: Register X is always displayed.) 

Clear Key, "C" 

Following a number entry key, it clears the X-register 
only (clear entry). Following any other key it clears 
registers X, K, C, S, N and T. 

Clear All Key, "CA" 

Clears all registers and sets the calculator to the constant 
multiply mode. 

Numl;ler Entries 

The first entry clears the X-register and enters the 
number into the LSD of X. Second through eighth 
entries (excluding a decimal point) are entered one 
digit to the right of the last number. The ninth, and 
subsequent ·entries are ignored. First entry after a "+," 
"-;'' or "M+" following a "+" or "--" key causes the 
mimber in ·the X-register to be transferred to the A· 
register before clearing and placing the riew entry in X. 

Decimal Point; "." 

As the first depression of a number entry, it Clears the 
X-register and places a point in the left most digit. If the 
previous key Was· a number, it enters a decimal point 
to the right of the last number entered. Following a 
"+," "-," or "M+" following a "+" or. "-/' the 
X-register is transferred ti:> A,· cleared and a decimal 
point entereq in the leftmost digit. The last decimal 
point depression of a number entry is accepted as the 
valid point. 

Change Sign Key, "CS" 

Changes sign of register x: 
Addition Key, "+" 

lfthe previous key was not a"+" or"-" key, the number 
in the A-register is added to the X-register, X is transferred 
to A, and the sum is stored in X. When the last key was 

.a "+" or "-" key, the number in ·A is added to the 
numbe~ in X without ·destroying the value of A. T~e, 
sum is stored in X. 



Subtraction Key, "-" 

If the previous key was not a"+" or "-"key, the number 
in the X-register .is subtracted from the number in the 
A-register, X is transferred to A, and the difference is 
stored in X. When the .last key was a "+"or "-"key, 
the number in A is subtracted from X without destroying 
the value of A. The result is stored in X. 

Multiplication Key, "x" 

If there has not been a "x" or "7" key since the last 
terminator key ("=," "= +" or "%"), the value of the 
X-register is copied into the T-register and the calculator 
is set to the chain multiply mode. In a chain calculation 
in which there has been a "x" key since the last terminator 
or "+" key, X is multiplied by T and the resultiQg 
product is stored in both X and T; if a "+" key has 
occured since the last terminator or "x" key, depression 
of "x" will divide the T-register by the X-register, with 
the quotient stored in both X and T. 

Division Key, "7" 

If there has not been. a "x" or "7" key since the last 
terminator key ("=," "= +" or "%"), the ~alue of the 
X-register is copied into the T·register and the calculator 
is set to the chain divide mode. In a chain calculation if a 
"x" key has occured since the last terminator or "7" 

key, X is multiplied by T and the product is stored in 
both X and T; if a "7" key has occured since the last 
terminator or "x" key, depression of "+" will divide 
the T-register by the X-register, with the quotient stored 
in both X and T. 

Equal Key, "=" 

In the chain multiply mode, the value in the X-register 
is multiplied by the T·register with the product stored 
in X. Register T remains unchanged. In the chain divide 
mode, depression of "=" will divide Y by X, transfer X 
to T, and place the quotient in X. If the calculator is in 
constant multiply, "=" will multiply X by T, place the 
product in X and retain T. For constant divide, the 
X·register is divided by T, the quotient is stored in X; 
T is unchanged. 

The "=" key always rounds the answer stored in X to 
two places to the right of the decimal point, and clears 
register A. 

Per Cent Key, "%" 

This key acts exactly like the "=" key exce·pt the value 
of X is divided by 100 and copied in register A before 
performing the required operation. Register A is not 
cleared. The result stored in the X-register is rounded to 
two decimal positions. 

Automatic Accumulation Key, "= +" 

It acts just like the "=" key in all modes. After the result 
is stored in X, the value of X is added to the number in 
the M-register. The result stored in X and accumulated 
into M is rounded to two decimal places. Register A is 
cleared. 
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Memory Recall/Memory Clear Key, "MR" 

Following any key except "MR," the value of the 
M-register is copied in to the X-register. If the preceding 
key was "+," "-" or "M+" following"+" or"-," the 
number in the X-register is transferred to the A-register 
before M is recalled. Following another "MR" key, the 
M-register is transferred to X, then cleared. 

Memory Plus Key, "M+" 

The number in the X-register is accumulated in the 
M-regist11.r. Registers X and A are not changed, so the 
repeat addition or subtraction conditions that existed 
before accumulation to memory are still valid. 

Square Root Key, "yx" 

The absolute value of the number in the X-register is 
replaced with its square root. 

Sum of X Key, "Lx" 

Adds X to the C-register, adds the square of X to the 
T-register, saves the value of X (to four decimal places) 
in the Y-register and increments N by one. The operation 
is completed by copying N into X. The maximum valuE 
of N is 99. The register returns to zero on the 100th entry. 

Sum of Y Key, "Ly" 

Adds the value of X to the A-register, adds the square 
of X to the M-register, adds the product of X and Y to 
the S-register, and recalls N to X. 

Remove X Key, "REM X" 

This is used to delete a data point previously entered by 
"Lx" key. It subtracts X from C, subtracts the square of 
X from T, saves X to four decimal places in Y, decrements 
N by one and copies the new value of N in to X. 

Remove Y Key, "REM Y" 

This is used to delete an incorrect data point previously 
entered by the "Ly" key. It subtracts X from A, 
subtracts the square of 'X from M, subtracts the product 
of X and Y from S and copies N to X. 

Frequency of X Key, "FREQ" 

This is used to sum grouped (identical) data entries for 
mean and standard deviation computations. If the sign 
of X is positive, "FREQ" performs the "kx" operation 
X - 1 times. When Xis negative, "FREQ" performs the 
"REM X" function IXI- 1 times. 

Mean and Standard Deviation Key, "X. SD" 

Computes both the arithmetic mean and the standard 
deviation of data, points (entered by the "Lx" and 
"FREQ" keys) with a single key depression. The mean 
is stored in register X (and therefore is the initial result 
displayed). Standard deviation is stored in registers A 
and Mand is displayed by using the "MR" key. Registers 
T, C and N are saved so that additional data points may 
be entered or deleted, and new mean and standard 
deviation values calculated. 



Correlation Coefficient and Slope Key, "COR SLOPE" 

The correlation coefficient and slope of a least squares 
line fit of accumulated paired data values (that have 
been entered with ·the "~x" and ":Ey" keys) are 
computed with a single key stroke. The correlation 
coefficient is stored in r.egisters X and S (and thernfore is 
the initial result displayed) .. Slope is in M and is obtained 
by using the "MR" key. Registers T and C arii lost. 

Y·lntercept Key, "INT" 

After the "COR SLOPE" key has been used to compute 
a least. squares line tit on a set of paired data values, 
any y-coordinate corresponding to a given x-coordinate 
lying on that line can be computed ,by entering the 
x-coordinate in X, and depressing ·"INT." 

TABLE II. Summary of Statistical Func:tions 

KEY 

"Ex" 

"Ev'' 

"REM x" 

"REM y" 

";(,SD" 

"COR·SLOPE" 

"INr' 

EXAMPLES 

1. ·Addition or subtraction 

KEYS DISPLAY 
2 2 
+ 2. 
3 3 

3. 
2 3.2 
+ 5.2 

1 
1 2 
1 2. 

3 1 2.3 
-7.1 

c 0. 

2. Repeat add or subtract 

KEYS DISPLAY 
3 3 

3. 
3.1 

+ 3.1 
+ 6.2 
+ 9.3 

6.2 
c 0. 

REQ~TERS 

x-v 
X + c -+ C, · wher~ c = original v~lue of C 

X2 + t-+ T, where t = original value of T 

n + 1 -+ N, where n = original value of N 

X + a-+ A, where a = original value of A 

STATISTICAL EQUATION 

E> 

E'' 
lncrementsn· 

X2 + m -+ M, where m .. original value of M l:y2 

{X • Y) + s-+ S, where s =original value of S I:x · y 

c-X-+ C 

t- X2 -+ T 

n- l -+ N 

a-X -+_A 

m-X2 .... M 

s-(X • YJ-+ S 

c 
- - x 
N 

ff. -
1 

C·A 
S-

N 

C·A s-
N ----M 
c' 

T- -
N 

A-M· C -·---A 
N 

M·X+A-+X 

2.0 
3.2 

-12.3 

. 

COMMENTS 

COMMENTS 

DelateXn 

Deletexn2 

Decrementn 

Delete Yn 

Delete Yn 2 

Delete (x ·Yin 

2 l!:xl2 
fa --

SD= 
n 

.n-1 

~x. !:y 
!:x·y- -n-

:rx · rv 
1:x·v--n-

~)(2 - (:Ex)2 

l:y-m·~x 
b•---

n 

Y1NT=mx+b 

3. Chain multiplication or division 

a) 

b) 

KEYS 

x 
2 
x 
3 

1 
o 

2 

DISPLAY 

1 
1. 
2 
2. 
3 
3. 
3.1 
6.2 
4 
4. 
4.2 
2 6.0 4 

1 
10 
1 0. 
2 
5. 
1 

0 1 0 
.5 

2 2 
.2 5 

COMMENTS 



3: 
EXAMPLES (Continued) 3: 
3. (Continued) 7. Perform add-on and discount (JI 

...J 
KEYS DISPLAY COMMENTS en 

KEYS DISPLAY COMMENTS w 
cl 2 2 

0 20 a) Add-On, 125 + 5% 
x 20. 
4 4 

80. 1 2 

8 8 1 2 5. 

1 0. 1 2 5. 
7 7 5 
x 1.4285714 % 6.2 5 5% of 125 is displayed 

4 4 131.2 5 125 + 5% is display8d 

5_7 1 Result rounded to two places b) Discount, 532.1 - 6% 

4. Constant multiplication or division 
53 

KEYS DISPLAY COMMENTS 532 

a) 3 3 532 

3. 5 3 2.1 

2 5 3 2.1 

6. 6 

4 4 % 3 1.9 3 6% of 532. 1 is displayed 

1 2. First factor in constant multiply 5 0 0.1 7 532.1 -6% is displayed 

5 
5. 
5.2 
1 5.6 
4 6.8 8. Perform change sign 

b) 
5. KEYS DISPLAY COMMENTS 

2 
1 

2.5 
1 2 4 4 cs -1 2 Change sign does not 

2. Second factor in constant divide 
5 

3 -123 terminate entry. 

5. 
-123. 

cs 1 2 3. 5.2 
5 123.5 

2.6 cs -123.5 
1.3 

6 -1 2 3.5 6 

5. To perform products of sum; e.g., 
c 0. 

(5 + 4) x (3 + 2)/(6 + 7) = 
KEYS DISPLAY COMMENTS 9. Accumulate in memory, recall and clear memory 

5 
+ 5. KEYS DISPLAY COMMENTS 

4 
a) 3 I 

9 
M+ 3. Accumulate in memory DI 9. 

3 3 
4 4 

+ 3. M+ 4. Accumulate in memory 

2 5 5 

+ 5. MR 7. Recall memory 

4 5. (5 + 4) x (3 + 2) is executed MR 7. Recall and c!ear memory 

6 6 MR 0. Recall and clear memory 

+ 6. bl 5 5 
7 + 5. 
+ 1 3. 6 6 

3.4 6 45..:;. {6 + 7) is executed and + 1 1. 
rounded to two places M+ 11. Accumulate in memory 

7 7 
6. Calculate percentage + 1 8. 

5% of 300.25 M+ 1 8. Accumulate in· ~emory 
+ 2 5. Repeat add 

KEYS DISPLAY COMMENTS 3 3 
2 3 2 

3 3 2. 
0 30 2 3 2.2 
0 300 cs -3 2.2 

300. M+ -3 2.2 
2 3 0 0.2 9 9 
5 3 0 0.2 5 + 3 4_ 

3 0 0.2 5 MR -3.2 Accumulated value of M is recalled 
5 3 0.8 

% 1 5.0·1 "Live %" key executes MR -3.2 Accumulated value of M is recalled 
operation and rounds two MR -3.2 Mis cleared 
places MR 0. 
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EXAMPLES (Continued) 

10. Accumulate in memory with the "= +" key 

KEYS 

=+ 

DISPLAY 

5 
5. 
3 
1 5. 

4 4 

=+ 

=+ 
9 

cs 

4 
=+ 

4. 
4.2 
4.2 
3 
1 2.6 
6 
6. 
7 

.8 6 
9 

-9 
9. 
4 

-3 6. 
MR -7.5 4 

COMMENTS 

5 x 3 = 15 is added to M 

4.2 x 3 = 12.6 is added to M 

( Rounded to 2 decimal- places 
and added to M 

Note method of multiplying 
negative number 

-9 x 4 = -36 is added to M 

STATISTICAL FUNCTIONAL. EXAMPLES 

1. Perform mean and standard deviation 

KEYS DISPLAY 

al Data: 4.0, 5. 1, 4.5 

CA 
4 

Lx 
5.1 
Lx 
.4.5 
Lx 

X, SD 

MR 

b) Data: 3, 

0. 
4 
1. 
5.1 
2. 
4.5 
3. 
4.5 3 3 3 3 3 3 

.55075765 

3, 3, 3, 4.1, 3.6 

COMMENTS 

{ Display _indicates first data 
point has been entered 

2nd data point entered 

3rd data point entered 
Mean and standard 
deviation are com
puted; mean is 
displayed 
Standard deviati9n is 
recalled from M 

CA 0. Always use "CA" after mean 
3 3 and SD calculation 

i::x 1. 
4 4 

FREOx 4. Grouped data points may 
4.1 4.1 be entered conveniently 
Lx 5. using the "FREQ" key 
3.9 3.9 
Lx 6. Wrong data entry 
3.9 3.9 

REM x 5. Wrong data is removed. 
3.6 3.6 data points are entered. 
Lx 6. 

X1 SD 3.2 8 3 3 3 3 3 Mean and standard 
deviation are computed· 
Xis displayed 

MR .4665.4774 Standard deviation is 
recalled from M 

c) Correction of group data entered with "FREQ" 
Data: 4, 4, 4, 5, 5, 5, 5 

CA 0. 
4 4 
Lx 
3 

FREOx 
5 

Lx 
7 

FREQ x 
5 

REM x 
7 

1. 
3 
3. 
5 
4. 
7 
10. 
5 
9. 
7 

7 is incorrectly entered 

Five 
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cs -7 
FREOx 3. Negative x sets 

"REMOVE x" function 
5 

Lx 4. 
4 4 

FREQx 7. Corrected data has been 
entered 

:x. so 4.5 7 1 4 2 8 5 
MR .5 3 4 5 2 3 1 5 

d) Compute running mean and standard deviations 
Data: 7, 8, 6, 7, 5 

CA 0. 
7 7 

Lx 1. 
8 8 

Lx 2. n=2 
X,SD 7,5 Mean of first two data 

entries 
MR .70710678 Standard deviation of 

first two data entries 
6 6 

Lx 3. n=3 
X, SD 7. Mean of first three entries 
MR 1. Standard deviation· of 

first three entires 
7 

Lx 4. n=4 
X, SD 7. Mean of first four entries 
MR .8 1 6 4 9 6 5 7 Standard deviation of 

first four entries 
5 

Lx 5. 
x.so 6.6 Mean of all five entires 
MR 1.1401754 Standard deviation of all 

five entires 

2. To perform least squares line fit on given data 
(See plotted data on page 10) 

KEYS 

a) Data: 1, 1 
3, 2 
4, 3 
6,4 

CA 

Lx 
1 

Ly 
3 

.Lx 
2 

Ly 
4 

Lx 
3 

Ly 
6 

Lx 
4 

Ly 
COR-SLDPE 

MR 

0 
INT 

8 
INT 

0. 

1. 

1. 
3 
2. 
2 
2. 
4 
3. 
3 
3. 
6 
4. 

4. 

DISPLAY COMMENTS 

n = 1 

n=2 

n = 3 

.9 9 2 2 7 7 8 8 Correlation coefficient 
is displayed (perfect 
correlation = 1.0) 

.6 1 5 3 8 4 6 1 Slope of feast squares 
line fit is recalled from 
M 

0 x = 0 
.3 4 6 1 5 4 y-intercept of least 

squares line at x = O 
is computed 

8 x = 8 
5. 2 6 9 2 3 0 8 y-intercept of least 

squares line at x = 0 
is computed 



s: 
STATISTICAL FUNCTION EXAMPLES (Continued) 3: 
2. (Continued\ KEYS DISPLAY COMMENTS ~ 

Lx 1. nx = 1 en 
5 5 w 

'Ly 1. ny = 1 
B B Wrong data point is 

entered 
Lx 2. nx = 2 
9 9 

Ly 2. ny = 2 
(y) B B. Wrong data point is 

removed 
REM x 1. nx = 1 

9 9 
REM y 1. n.,. = 1 

1 1 
Lx 2. nx = 2 
4 4 

(xi Ly 2. ny = 2 
0 0 

Lx 3. nx = 3 
bl Data: 2, 5 3 3 

1, 4 Ly 3. "v = 3 
0, 3 COR·SLOPE 1. Correlation coefficient 

KEYS DISPLAY COMMENTS 
is disp-layed 

MR 1. Slope is displayed 
CA 0. 3 3 For x = 3, 

2 INT 6. the y-intercept is 6 
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MM5764 conversion calculator 

general description 
The single-chip MM5764 Conversion Calculator was 
developed using a metal-gate, P-channel enhancement 
and depletion mode MOS/LSI technology with low 
end-product cost as a primary objective. A complete 
calculator as shown in Figure 1 requires only the 
MM5764, a keyboard, DS8864 digit driver, NSA1298 
LED display, 9V battery and appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and 7-segment output 
display encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the MM5764, as it typically sources about 
8.5 mA of peak current. [Note: The typical duty cycle 
of each digit is 0.104; average LED segment current is 
therefore approximately 0.104 (8.5 mA), or 0.9 mA 
average. Correspondingly the worse-case average segment 
current is 0.104 (5.0 mA), or 0.52 mA.] The ninth digit 
(left-most)· is used for the negative sign, or the decimal 
point of a number less than unity. 

An internal power-on clear circuit is included that clears 
all registers, including the memory, when V00 and Vss 
are initially applied to the chip. 

Trailing zero suppresi,on allows convenient reading of the 
left justified display, and conserves power. The DS8864 
digit driver is capable of sensing a low battery voltage 
and providing a signal during Digit 9 time that can be 
used to turn . on one of the segments as an indicator. 
Typical current drain of a complete calculator displaying 
five "5's" is 30 mA. Automatic display cutoff is included. 
If no key closure occurs for approximately 25 seconds, 
all numbers are blanked and all decimal points displayed. 

The Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tio.n for testing or applications where the MM5764 is 
used with other logic or integrated circuits; e.g., with the 
MM5765 Programmer (Figure 3). 

Thirty-two keys are arranged in a four-by-nine matrix 
as shown in Table I. There is an automatic constant 
feature. 

The user has access to five registers designated X, T, 
A, K and M. The X-register is used for keyboard entry 
and display. The T and A-registers are used in multiply I 
divide and add/subtract calculations, respectively. M is 
an accumulating storage memory. The K-register is used 
to store a user defined conversion constant. 
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Calculators 

Data is entered into the calculator in floating point 
business notation. All entries and results are displayed 
left justified with insignificant zeros to the right of the 
decimal point suppressed. All intermediate results of a 
chain calculation are floating point. Terminating ·keys 
"=," "%,"and "=+"round the displayed result to two 
decimal places. 

features 

• Full 8-digit entry and display calculator 
• Arithmetic functions: +, -, x, .;-, =, %, 1 /x 

• Percent mark-up and discount 
• Twenty automatic conversions 

• A user definable conversion key 
• Change sign and "rr" keys 
• Accumulating memory: MR, IV+,=+, MC 

• Square root 

• Auto constant 

• Business notation 
• +, - "adding machine" notation 

• x, 7, = algebraic notation 

• Automatic power-on clear 

• Automatic display cutoff 
• Direct 9V battery compatibility; low power 

connection diagram 

DIGIT J 

DIGIT2 

DIGIT 1 

(

"4 

K3 
SWITCH 
INPUTS 

K2 

K1 

Voo 

SEGMENT G 

SEGMENT 8 10 

SEGMENT F 11 

Vss 12 

Dual-In-Line Package 

TOP VIEW 

ZC DIGIT4 

Zl DIGIT 5 

22 DIGIT 6 

Zt DIGIT 7 

ZO DIGIT 8 

19 OIGIT9 

18 
READY 

17 SEGMENT D 

l& SEGMENT E 

15 SEGMENT A 

14 DECIMAL POINT 

13 SEGMENT C 

Order Number MM5764N 
See Package 22 



s: 
absolute maximum ratings s: 

(J'I 
Voltage at Any Pin Relative to V 55 . (All other V 55 + 0.3V to Vss - 12.0 ..... 
pins connected to V55 l 

en 
~ 

Ambient Operating Temperature 0°C to +70°C 

Ambient Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

operating voltage range 

6.5V $ Vss -V00 $ 9.5V 

Vss always defined as most positive supply voltage. 

de electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Current (1 00 ) Voo = V55-9.5V, TA= 25°C 16.0 mA 

Keyboard Scan Input Levels 

IK1, K2. K3 and K4! 
Logical High Level V55 -6.5V S V 00 S Vss-9.5V V5s-2.5 v 
Logical Low Level V 00 = V55-6.5V V55 -5:0 v 

V 00 = V55-9.5V Vss-6.0 v 

Digit Output Levels 
Logical High Level IV OH) A LOAD = 3.2 kQ to V DD 

V55-6.5V S VDD S V5s-9.5V V55 -1.5 v 
Logical Low Level IVoL) VDo = Vss-6.5V V55 -6.0 v 

VDD = Vss-9.5V V55-7.0 v 

Segment Output Current TA =25°C 
!Sa through Sg and Decimal Point) VouT = V55 -3.6V, VoD = V55-6.5V -5.0 -8.5 mA 

VouT = V55-5V, V00 = V55 -8V -10.0 mA 

VouT = V55 -6.5V, VDo = V55-9.5V -15.0 mA 

Ready Output Levels 
Logical High Level IV OH I louT = -0.4 mA Vss-1.0 v 
Logical Low Level IVoLI louT = 10µA VDD+1.0 v 

ac electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS DI Word Time (Figure 2) 0.32 0.8 2.0 ms 

Digit Time !Figure 2) 36 89 222 µs 

Segment Blanking Time (Figure 2) 2 5.5 14 µs 

Digit Output Transition Times CLOAD = 100 pF, RLOAD = 9.6 kQ 2 µs 

(tAISE and tFALL) 

Keyboard Inputs High to Low CLOAD = 100 pF 4 µs 

Transition Time After 
Key Release 

Ready Output Propagation Time 
(Figure 31 

Low to High Level (tPDH I CLOAD = 100 pF 10 50 µs 

High to Low Level ltPDcl CLOAD = 100 pF 1 ms 

Key Input Time-out 
Key Entry 2.8 7.2 18 ms 

Key Release 5.1 12.8 32 ms 

Display Cutoff Time 10 25 63 sec 

(The time after the last valid key 
closure that all numbers will be 
blanked and all decimal points 
displayed.) 
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FIGURE 1. Complete Calculator Schematic 
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LED 

l DISPLAY 

CALCULATOR 
,,. (7) 

v,. SEGMENT DECIMAL DECIMAL POINT SEGMENTS NSA1298 

,-!!+ 
OUTPUTS POINT 

i--!,ROGRAM a B.B 0 FJ.C1 aa B.· K 
Voo RUN 

INPUTS MM5764 MODE .c.· .Cl.-·'-'· . . . 

~ r---11 
I -

(9) 

'--
. / 

9 .. 
OAT A 

ARO KEV BO 
AN 
1 x 

PROGRA 
CONT 

KEY BO 

D 

• MMER 
ROL 
ARD, 

1--:.J DATA 

~ 
v,. 

Kl/O's 

CONTROL 
K6 

LEARN MO~Df 
PROGRAMMER 

DIGIT 
OUTPUTS 

i•l 

.,,., 

t.v.15766 

Voo 

READY 
SWITCH(, 

LOAD DIGITS 

(9) 
J_ + 

OUTPUT Va; -=-
(9) 9v ...=... 

INPUT DM88114 -

t_J 
.. GND 

READY 
RUN/LOAD DIG 

DRIV 

ALARM 

'lLED 
POWER 

ALARM SWITCH 
INDICATOR 

ON 

FIGURE 3. Low Cost Handheld Programmable Calculator Using the MM5764 Calculator and MM5765 Programmer. 

KEYBOARD BOUNCE AND NOISE REJECTl,ON 

The MM5764 is designed to interface with most low 
cost keyboards, which a~e often the least desirable 
from a false or 111ultiple entry standpoint. 

A key closure is sensed by the calculator chip when 
one of the key inputs, K1, K2,, K3 or K4 are forced 
more positive than the Logical High Level specified in 
the electrical specifications. An internal counter is 
started as a result of the closure. The key operation 
begins after nine word times . if the key input is still 
at a Logical High Level. As long as the key is held 
down (and the key input remains high) no further 
entry is allowed. When the key input changes to a 
Logical Low Level, the internal counter starts a sixteen 
word time-out for key release. During both entry and 
release time-outs .the key inputs are sam1?led approxi
mately· every other. word time for valid levels. If they 
are found invalid, the· counter is reset and the calculator 
assumes the last valid key input state. 

One of the popular types of low-cost keyboards available, 
the elastomeric conductor type, has a key pressure 
versus contact resistance characteristic that can generate 
continuous noise during "teasing" or low pressure key 
depressions. The MM5764 defines a ~eries contact 
resistance up to 50 k.Q as a valid key closure, assuring a 
reliable interface for that type of keybo.ard. 

AUTOMATIC DISPLAY CUTOFF 

If rio key is depressed for approximately twenty-five 
seconds, an internal automatic display cutoff circuit 
will blank all segments and display nine decimal points. 
Any key depression will restore the display; to restore 
the display without modifying the status of the calculator, 
use two Change Sign key depress ions. 

READY SIGNAL OPERATION 

The Ready signal indicates cal.culator status. When the 
calculator is in an "idle" state the output is at a Logical 
High Level (near V ss ). When a key is closed, the internal 
key entry timer is started. Ready re(llains high until the 
time-out is completed and the key entry is accepted as 

valid, then goes low as indicated in Figures 4 and 5. It 
remains at a Logical Low Level until the function initiated 
by the. key is completed and the key is released. The low 
to high transition indicates the calculator has returned to 
an idle state and a new key can be entered. 

ERROR INDICATION 

In the event of an ~perating error, the MM5764 will 
display all zeros and all decimal points. The error 
indication occurs if division by zero is attempted or 
either a result or intermediate value exceeds 99999999. 

The indication is cleared by depressing any key. 

If an error results from a "+" or "-" key, the X-register 
is cleared and the last entry is saved in the A-register; no 
other registers are affected. An error condition during 
"x" or "+'.' operations clears X without changing any of 
the other registers. 

Overflow as a result of "M+" saves the. value stored in M, 
clears X and displays the error indication. Calculations 
are immediately stopped and other registers are not 
cleared. 

Overflow as a result of a conversion clears X and saves 
all other registers. 

AUTOMATIC CONSTANT 

The MM5764 retains as a constant the first factor of a 
multiplication calculation or the second factor of a 
division palculation, when that calculation is terminated 
by "=" key, "%" key or "= +" key. Subsequent 
calculations using the stored constant are made by 
entering a number and operating upon it with the 
appropriate terminator ("=," "%" or "= +" key). The 
T-register is used to store the constant in the constant 
mode of operation. 

The calculator automaticall'y changes to the chain mode 
when a "x" or "+" key occurs in the calculation. In 
the ctiain mode, the result of each "x'' or "+" key is 
stored in both X and T-registers. A new entry replaces 
X without ·altering T. At the completion of a chain 



TABLE I. Mode Summary 

MODE 
KEYS THAT DESCRIPTION 
SET MODE i»· (See Calculation Examples) 

CONSTANT ""CLEAR'" Depression of an "=," "= +" or "%" key will multiply 
MULTIPLY "=" the.X-register by the T-register and repla.ce·x with the 

"o::+" product. T remains unchanged. 
'"%'" 

CHAIN "x," Depression of an "=," "= +" or "%" key will multiply 
MULTIPLY following· a terminator, or "-7-" the X-register by the T-register and place the product in 

or "x" operation X. T remains unchanged. 

CONSTANT -

} 
With calculator Depression of an "=," "= +" or "%" key will divide the 

DIVIDE "=+" previously in chain X-register by the T-register and repla,ce X with the 
"%" divide mode. quotient. T is ur.ichanged. 

CHAIN ".:.." Depression of an"=,""=+" or"%" key will divide ~he 
DIVIDE following a terminator or~·-;-" T-register by the X-register. transfer X to T. and place 

or "x" operation the quotient in X. 

DIGIT __J JVoH r--1 VoH . 

... :.~~ --1~ 
FIGURE 4 .. Ready Timing 

NEW 
KEV IS KEV IS 

DEPRESSED !-.-- I RELEASED 
~ I gwoRos---- l 

SWI~~~ i11 -n n n n n ~· I· 
INPUT ---t--J ~~Lr~~~!------

' / 16WORDSAFTER I 
"NOISE" "NOISE" KEV RELEASE OR J 

AFTER CALCULATION 1 ISCOMP::_rLETE, 
WHICHEVER IS 

LONGER. 

,~~~~~~~-- ! 
READY 

NEW KEV HAS 
BEEN ACCEPTED 

'- BY CALCULATOR. 
THE KEY MAY 
BE RELEASED. 

NEXT KEV 
CAN BE 

ENTERED. 

FIGURE 5. Functional Description of Ready Signal and Key Entry. 

calculation, the T-register will contain the value used as 
first factor of the last multiply, or the latest entry if the 
last operation was a divide. 

Table I summarizes the four modes. 

KEY OPERATIONS 

(Note: X-register is always displayed.) 

Clear. Key, "C" 

Following a number key; it clears only the X'register 
(clear entry); after any other key, it clears registers X, 
A and T. · 

Number Entries 

, The first entry clears the X-register and enters the 
number as the LSD of X. Second through eighth 
entries (excluding a decimal point) are entered one 
digit to the right of the previous number. The ninth, and 
subsequent entries, are ignored. First entry after a "+," 

"-," or "M+" following a "+" or "-" key transfers the 
existing number in the X-regist~r to the A-register before 
clearing and placing the new entry in X. 

Conversion Functions 

With the exception of the six single function conversion 
keys, all conversions are preceded by either the shift key, 
"-"," or the reverse conversion key, "+-." Depression of 
the appropriate conversion key replaces the value in the 
X-register with a converted result, as summarized in 
Table 11. The six single function keys (inches -" mm," 
"inches -> cm," "ft -" i'nches," "ft -" m," "yds -'->- m" 
and "miles -" km") do not need to be preceded by the 
shift key, "-'->-," for forward conversions. Only the X
register is affected by a conversion operation. 

Constant Store Key,_ "KS" 

The value of X is copied into the K-register. Following 
a forward conversion key,"-'>," Xis multiplied by Kand 
the product stored in X; following a "+-" key, X is 
divided by K, and the quotient is stored in X. 

8-!Jl)~: 



Decimal Point, "." 

As the first depression of a number entry, it clears the 
X-register and places a point in the leftmost digit. If the 
previous key was a number, it enters a decimal point 
to the right of the last number entered. Following a 
"+," "-," or those keys preceding a "M+" key, the 
X-register is transferred to A, cleared and a decimal 
point entered in the leftmost digit. The last decimal 
point depression in a single number entry is accepted as 
the val id point. 

Change Sign Key, "CS" 

Changes sign of register X. 

Addition Key, "+" 

If the previous key was not a"+" or"-" key, the number 
in the A-register is added to the X-register, Xis transferred 
to A, and the sum is stored in X. When the last key was 
a "+" or "-" key, the number in A is added to the 
number in X without destroying the· value of A. The 
sum is. stored in X. 

Subtraction Key, "-" 

If the previous key was not a"+" or"-" key, the number 
in the X-register is subtracted from the number in the 
A-register, X is transferred to A, and the difference is 
stored in X. When the last key was a "+"or "-" key, 
the number in A is subtracted from X without destroying 
the value of A. The result is stored in X. 

Multiplication Key, "x" 

If there has not been an "x" or "7" key si nee the I ast 
terminator key ("=," "= +" or "%"). the value of the 
X:register is copied into the T-register and the calculator 
is set to the chain multiply mode. In a chain calculation 
in which there has been a "x" key since the last terminator 
or "7" key, X is multiplied by T and the resulting 
product is stored in both X and T; if a "7" key has 
occured since the last terminator or "x" key, depression 
of "x" will divide the T-register by the X-register. with 
the quotient stored in both X and T. 

Division Key, ".;." 

If there has not been an "x" or "-C" key since the last 
terminator key (''=," "= +" o.r "%"). the value of the 
X:register is copied into the T-register and the calculator 
is set to the chain divide mode. In a chain calculation if a 
"x" key has occured since the last terminator or ".;." 
key, X is multiplied by T and the product is stored in 
both X and T; if a "7" key has occured since the last 
terminator or "x" key, depression of ".;." will divide 
the T-register by the X-register, with the quotient stored 
in both X and T. 

Equal Key, "=" 

In the chain multiply mode, the value in the X-register 
is multiplied by the T-register with the product stored 

in X. Register T remains unchanged. In the ch<'!in divide 
mode, depression of "=" will divide T by X, transfer X 
to T, and place the quotient in X. If the cal.culator is in 
constant multiply, "=" will multiply X by T, place the 
product in X and retain T. For constant divide, the 
X-register is divided by T, the quotient is stored in X; 
T is unchanged. 

The "=" key always rounds the answer stored in X to 
two places to the right of the decimal point, and clears 
register A. 

Per Cent Key, "%" 

This key acts exactly like the "=" key except the value 
of X is divided by 100 and copied in register A before 
performing the required operation. The result stored in 
X is rounded to two decimal positions. 

. Memory Plus Key, "M+" 

The ~umber in the X-register is accumulated in the 
M-register. Registers X and A are not changed, so the 
repeat addition or subtraction conditions that existed 
before accumulation to memory remain valid. 

Memory Recall Key, "MR" 

The value of register M is copied into the X-register. If 
the preceding key was a "+," "-" or "M+" followed by 
"+"or"-," the value of X is transferred to the A-register 
before M is copied into it. 

Memory Clear Key, "MC" 

The M-register is cleared, without affecting any other 
registers. 

Reciprocal Function, "1/x" 

If the number entry key "1" is preceded by either the 
forward or reverse conversion shift keys, "->" or ".,.:," 
a non-zero value of X is replaced by its reciprocal. 
Registers A, T, K and M are not altered. 

Square Root Function, "Vx" 

If the number entry key "2" is preceded by either the 
forward or reverse conversion shift keys,"->" or ".,.:,"the 
absolute value of X is replaced by its square root. 
Registers A, T, K and M are unaltered. 

Pi-function, "tr" 

If the decimal point entry key is preceded by either the 
forward or reverse conversion shift keys, "->" or "+:," 

the value of Xis replaced by the constant 3.1415g27. 

Equal Plus Key "=+" 

This key acts exactly like the "=" key fol lowed by a 
"M+" key. The multiply or divide is executed the, result 
is rounded to two places then the rounded result is 
added to the Memory. 



~ 
CD 

" TABLE II. Summary of Key Functions LC> 

:E 
:E KEY MATRIX PRIMARY KEY IF PRECEDED IF PRECEDED 

DESIGNATION FUNCTION BY "->"SHIFT KEY BY"<-" SHIFT KEY 

Kl-01 N/C 

Kl-02. Minus, "-" 

Kl-'03 Plus, "+" "+" "+" 

K1-D4 Divide, "7" "-'-" "..:..." 

K1-D5 Multiply, "x" "x'·' "x" 

Kl-06 
Constant Store, "KS" 

X0 •K-+X X0 -:-K-+X 
Constant Conversion 

Kl-07 Ft-+ in X0 • 112)->X X0 7 112)-> X 

K1-08 In-+ mm X0 • (25.4)-> X XO 7 125.4)-> x 
Kl-09 ln-+cm X 0 • (2.54)-> X . XO 7 12.54)-> x 
K2-01 Mile-+ kin X 0 • 11.609344)-> X X0 7 11.609344) ->X 

K2-02 Ft-+ m X 0 • 10.304~) -> X X0 7 10.30481 -> X 

K2-03 Forward Shift, "-+" "-+" "-+" 

K2-04 Memory Clear, 'rMC" "MC" "MC" 

K2-05 Yard-+ m X0 • I0.9144)-> X X0 _,. 10.9144)-> X 

K2-06 
Memory Plus, "M+" 

X 0 • 10.86836)-> X X0 7 I0.86836)-> X 
MPH-+ knots 

K2-07 
M~mory Recall, "MR" 

XO • 11.20094) ... x XO 7 (1.20094) ... x 
Imp. Gal.-> U.S. Gal. 

K2-08 Clear, "C" "C''. "C" 

K2-09 N/C 

K3-01 N!C 

Equal, "=-" 
K3-02 

Acres -+ Hectares 
X 0 • 10.4046871.,. X XO + I0.404687) ... x 

K3-03 
Equal Pl us, "= +" 

XO • 17.4805) ... x XO 7 (7.4805)-> x Cubic Ft-+ gal 

K3-04 
Change Sign, "CS" 

X0 • (14.696)-> X XO~ 114.696)-> x Atmospheres-+ PSI 

K3-05 
Decimal Point,"." 

3.1415927 ... x 3.1415927->X 
n 

K3-06 
"9" 
Oz-+ cc 

X0 • 129.5737)-> X X0 + 129.5737)-> X 

K3-07 
"8" X 0 • 10.946333).,. X X 0 _,. 10.9463331-+ X 
Quarts-+ liters 

K3-08 
"7" 

X 0 • 13.785332)-> X X0 + 13.785332)-> X 
Gal-+ liters 

K3-D9 
"6" X 0 ·(16)->X X 0 +116)->X 
Lb-+ oz 

K4-01 
"5" 
Oz-+ grams 

X0 • (28.3495)-> X XO + 128.3495).,. x 

K4-02 
"4" X0 • (0.453592) -> X X0 ~ I0.4535921 .,. X 
Lb-+ kiiogram 

1<4-03 
"3" 

X0 • 114)-+ X X0 + (14)-+ X 
Stone.-+ lb 

K4-04 
"2" 

,/X;;-+ x ,;x;;-+ x 
Square Root, "VX" 

K4-05 
"1" 

l/X 0 -+X l/X0 -> X 
Reciprocal, ·"1 /X" 

K4-06 
"O" 

X0 • 19/5) + 32.,. X IX0 -321 • 5/9-,. X OF-+ oc 

K4-07 Reverse Shift, "+-" "+-" "+-" 

K4-08 
Percent, "%" 

X0 • 143560)-+ X X0 7 143560) -> X 
Acre -+ Sq. ft 
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3: 
EXAMPLES 4. Constant multiplication or division 3: 

(J'I 

1. Addition and subtraction of a column of numbers: KEYS DISPLAY COMMENTS -.J 
Q) 

al 3 ~ 
2.0 3. 
3.2 2 2 

-12.3 6. 
4 4 

KEYS DISPLAY COMMENTS 1 2. First factor in constant multiply 
5 
5. 

2. 2 is entered 5.2 
3 1 5.6 
3. 4 6.8 
3.2 
5.2 2 + 3.2 is displayed bl 5 
1 5. 
1 2 2 
1 2. 2.5 
1 2.3 4 4 

-7.1 12.3 is subtracted from 2. Second factor in constant divide 
c 0. 12 +3.21 5 5 

5. 
2 5.2 

2. Repeat add or subtract 
2.6 
1.3 

KEYS DISPLAY COMMENTS 
5. To perform products of sums 

3 
3. (5 + 4) x (3 + 2)/(6 + 7) 
3.1 
3.1 3.1 is entered 
6.2 3.1 + 3.1 computed KEYS DISPLAY COMMENTS 

9.3 3.1 + 3.1 + 3.1 computed 
6.2 9.3 - 3.1 computed 5. c 0. 4 

9. 
9. 

3. Chain multiplication or division 3 
3. 
2 

KEYS DISPLAY COMMENTS 5. 
a) Multiplication 4 5. 15 + 4) x 13 + 2) is executed 

6 6 
1 6. 

x 1. 7 
2 2 1 3. 
x 2. 1 x 2 is computed 3.4 6 45-;- (6 + 7) is executed and 

3.1 3.1 rounded to two places 
x 6.2 2 x 3.1 is computed 

4.2 4.2 
26.04 6.2 x 4.2 is computed 6. Calculate percentage • KEYS DISPLAY COMMENTS 

b) Division 3 3 

10 10 0 30 
10. 0 300 

2 2 3 0 0. 
~ 5. 10 -:- 2 is computed 3 0 0.2 

10 10 3 0 0.2 5 

.5 5-;- 10 is computed 3 0 0.2 5 
2 2 5 5 

.2 5 0.5 -;- 2 is computed % 15.01 "Live %" key; rounded 
two places 

c~ Mixed multiplication and division 7. Perform add-on and discount 

20 20 
KEYS x 20. DISPLAY COMMENTS 

4 4 a) Add-On 
so. 

8 8 
10. 1 2 

7 7 125. 
1.4285714 1 2 5. 

4 4 5 
5.7 1 Result ·rounded to two % 6.2 5 5% of 125 is displayed 

places 1 3 1.2 5 125 + 5% is displayed 
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EXAMPLES (Continued) 10. (Continued) ,.... 
LO 
:=;; 7. (Continued) KEYS DISPLAY COMMENTS 

:=;; KEYS DISPLAY COMMENTS 
6 6 

6. 
b) Discount 7 

=+ .86 Rounded to 2 decimal places 
5 9 9 
53 cs -g Note method of multiplying 
532 x -9. negative number 
5 3 2. 4 4 
5 3 2.1 =+ -3 6. -9 x 4 = -36 is added to M 
5 3 2.1 MR -7.54 

6 6 
% 3 1.9 3 6% of 532.1 is displayed 

5 0 0.1 7 532.1 - 6% is displayed 11. Square root and reciprocal calculations. 

8. Perform change sign Find square root of 70064; 

KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS 

1 1 70064 70064 
2 1 2 70064. Either shift key could be 

cs -1 2 Change sign does not used to set up vfx function 
3 -123 terminate entry. 2(Vx) 264.6 9 6 0 5 Square root is computed 

-1 23. Either shift key could be 

cs 123. used to set ·up 1 /X function 

5 1 2 3.5 1 (1/X) .0 0 3 7 7 7 9 1 Reciprocal is computed 

cs -123.5 
-1 2 3.5 6 

9. Accumulate in meniory, recall 
12. Use of constant 1T: 2rrr ~ 2(rr) (6.8) 

and clear memory 

KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS 

a} 3 3 2 

M+ 3. Accumvlate in memory 2. 

4 4 Either shift key could be 

M+ 4. Accumulate in memory used to set up 7r 

5 5 
• (7T) 3.1 4 1 5 g 2 7 

MR 7. Recall memory x 6.2 8 3 1 8 5 4 21T is computed 

MC 7. Clear memory 6.8 6.8 

MR 0. 42.7 3 

bl 
5. 13. Use of conversion keys: 

+ 11. KEYS · DISPLAY COMMENTS 

M+ 11. Accumulate in memory 
7 7 2 

+ 1 8. 
in-+ cm 5.08 Two inches is converted 

M+ 1 8. Accumulate 11 + 18 in memory 
to cm 

2 5. Repeat add in-+ cm 12.9032 Two square inches is co'n· 

3 verted to square cm 

32 in-+ cm 32.7 7 4 1 2 8 Two cubic lnches is con· 

3 2. verted to cubic cm 

2 3 2.2 32.7 7 4 1 2 8 Reverse conversion mode 

cs -3 2.2 is set 

M+ -3 2.2 (11 + 18) - 32.2 is accumulated in-+ cm 12.90 3 2 

9 9 in memory 
c 0. 

34. 5 

MR -3.2 Accumulated value of M 5. Data entry is terminated 

3 0.8 is recalled and forward conver.sio'n 

MR -3.2 Accumulated value of M mode is set 

MC -3.2 is recalled 7 (gal-+ liters) 18.9 2 6 6 6 Five gal. is converted to 
liters 

10. Accumulate in memory with the "= +" key Last shift key is valid 

KEYS DISPLAY COMMENTS 
direction 

8 (qts-+ liters) 20. Liters - qts computed 
MC 0. 12.5 12.5 
c 0. KS 12.5 Entry is stored in K 
5 5 2 2 
x 5. 2. Forward shift sets up K 

3 3 conversion 
=+ 1 5. 5 x 3 = 15 is added to M KS 25. Multiply by K 

4 
4. KS 2. Divide by K 

4.2 c 0. 
4.2 77 77 77° F is entered 
3. 77. 

=+ 1 2.6 4.2 x 3 ~ 12.6 is added to M 0 (°F~ 0 c1 25. 77° F is converted to °C 
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MM5765 calculator programmer 
general description 
The MM5765 provides a convenient and inexpensive 
means of adding "learn mode" programmability to many 
National Semiconductor calculator chips. It interfaces 
directly by simply adding a single static switch, four 
dynamic keys and a mean of displaying an alarm condi
tion. The monolithic MOS integrated circuit combines 
P-channel enhancement and depletion mode technologies 
to obtain low voltage and low power characteristics 
necessary for economical battery-powered products. 

The MM5765 · is a dynamic key sequence programmer 
that memorizes any combination of key entries while in 
the Load Mode, then automatically plays back the pro
grammed sequence as often as desired in the Run Mode. 
Up to 102 characters can_ be stored in multiprogram 
sequence blocks. Each block, or program, can be exe
cuted individually. or the operator can mak.e the decision 
to branch to specific programs, run each in series or 
perform intermediate calculations from the keyboard. 
When programming in the Load Mode, the 011lete key 
provides a convenient editing feature and the Halt key 
programs variable data entry points where control is 
temporarily returned to the operator in the Run Mode. 
Start and Skip keys control operation in both modes. 

Synchronization with the. calculator chip is accomplished 
by monitoring its Digit Output and_ Ready signals. The 
digit signals give timing information while the Ready 
indicates status of the calculator and synchronizes the 
key entry interface between it and the MM5765. 

block and connection diagrams 

CONTROL WORD 
DETECTOR 

612-BIT STORAGE REGISTER 

MAIN 
CONTROL 

1/0 
REGISTER 

1/0 
TIMING 

AND 
CONTROL 

. :;I DIGIT : OIZ INPUTS 

Kl 
Ki KEY 

SWITCH 
K3 1/0 

K4 

- LOAD/RUN MODE 
READY 

ALARM 

Calculators 

Up to four switch inputs (Kl, K2, K3 and K41 and up 
to twelve digit lines are connected in parallel with the 
calculator switch and digit terminals that scan the key
board. Keys stored in the MM5765 that are entered by 
selecting Kl through K4 are encoded simply as matrix 
positions, i.e., a particular switch input at a ·specific 
digit time. Therefore it is the key matrix address that is 
stored and not the key function. (Con't on page 4) 

features 
• Many NSC calculator chips can be provided with 

programming capability with the addition of only 
one static switch and four dynamic keys. 

• Any key sequence, including constants and date entry 
points, may be stored automatically in the Load Mode 
and executed in the Run Mode. 

• 102 step storage capacity of up to 47 different keys 
arranged in a 12 x 4 matrix. 

• Multiprogram capability 

• Provision for editing in Load Mode using the Delete 
key 

• Convenient verification of programs using a Step 
Mode feature 

• Alarm for full storage condition-or if a deletion of 
the first step in a program is attempted 

• Power-on clear 

• Direct 9V battery compatibility 

Dual-In-Line Package 

v •• 22 
K3 

K4 
ZI 

K2 

zo 
Kl KS 

19 
READY 05 

RUN/LOAD 
18 

09 

TEST 
17 

OB 

16 
ALARM 06 

011 
15 

07 

14 
03 04 

DZ 
10 13 . 

010 

v,. II 12 
012 

KEY 
DEBOUNCE 

Ks. CONTROL INPUT TOP VIEW 

Order Number MM5765N 
FIGURE 1 See Package 21 
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absolute maximum ratings 
Voltage at Any Pin Relative to V55 Vss + 0.3V to Vss -12V 

(All other pins connected to Vss) 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

0°Cto+70°C 
-55°C to +150°C 

300°C 

de electrical characteristics 
PARAMETER 

Operating Supply Current (!DD) 

Keyboard Scan Input Levels 
(K1, K2. K3, K4, K5) 

Logical High Level (V 1H) 

Logical Low. Level IV 1 L) 

Digit Input Levels (02 through D12) 
Logical High Level (V IH) 

Logical Low Level (V 1 L) 

Other Inputs (Ready, Run and Test) 
Logical High Level (Y IH) 

Logical Low Level (VIL) 

Switch Buffer Output Levels 
(K1. K2, K3, K4) 

Logical High Level {V OH) 

Logical Low Level (V 0 L) 

CONDITIONS 

YDD = Yss-9.5Y 
TA= 25°C 

Yoo= Y8s-6.5V 
Yoo= V8 s-9.5Y 

v DD = Yss-6.5V 
Yoo = V88-9 5Y 

YDo = Y88-6.5V 
Y DD = Y85 -9.5V 

YDD = Y58-6.5V 
y DD = Yss--B.5V 

operating voltage range 
V58--6.5V $ V00 $ V58--9.5V 

(V ss is always the most positive supply) 

MIN TYP 

8.0 

MAX 

Yss 
Yss--6.0 
Y85 -7.0 

Alarm Output Current 
Source Current YouT = Yss--4.5V, YoD = Ys8 -6.5Y 

YouT = Yss-5.2V, VDo = Ys8 -7.25Y 
YouT "'Y58 -7.8Y, Y00 = Y88-9.5Y 

-5.0 
-8.0 

-20.0 

ac electrical characteristics 
PARAMETER 

Digit Input Time (Figure 3) 

Word Time (Figure 3) 

Switch Input Time (Figure 3) 

Switch Output Time (Figure 4) 

Switch Propagation Delay Output 
(Figure4) 

Switch Output Transition Time 
(Figure 4) 

Switch Input K5 Key Bounce-out 
Stability Time 
(The time a keyboard input must be 
continuously higlier than the mini
mum Logical High Level to be ac
cepted as a key closure, or lower than 
the maximum Logical Low Level to 
be accepted as a key release, i.e., 6 
or 7 cycles of D2.) 

Key Closure Rate 
(Time between consecutive key 
outputs in Run Mode.) 

Key Acceptance Rate 
(Time between consecutive key 
inputs in Load Mode.) 

CONDITIONS 

CLOAD = 100 pf 
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MIN TYP MAX 

70 

0.64 

0.70 

70 

15 26 

2 

4.5 17.0 

40 

47 

UNITS 

mA 

v 
v 
v 

y 

v 
y 

v 
v 
v 

v 
y 

v 

mA 
mA 
mA 

UNITS 

µs 

ms m µs 

µs 

µs 

µs 

ms 

ms 

ms 



(8) 1•1 
Vss SEGMENTS 

OUT 

Cl Cl CJ .... CJ 0 ~I 
SWITCH 

t-INPUTS CALCULATOR Voo u.u.u. u.u. (o) 
DIGIT DISPLAY 

OUTPUTS READY 

l(ml (ml 

o) . --1 :u. (ml Vet: 

ARD DIGIT DRIVER 
RIX I 

_ _J (m-1) 
GND 

5_ 
~ 

--1 KE~ .... ~ 
I MAT 

L2 
"'' DIGIT READY 

INPUTS 

i-- LO~ PROGRAMMER -:? ~ 
SWITCH ALARM t-I/O's MM5765 

~ KS RUN/LOAD MODE --SWITCH 

~-Voo 

1' 
RUN 0 

I 
ALARM 

INDICATOR 
LED 

POWER SWITCH 

FIGURE 2. MM!i765 Programmer Connected in Low·Cost Battery Operated Calculator System 

DIGIT 2 
INPUT 

DIGIT 3 
INPUT 

DIGIT 4 
JNPUT 

K1SWITCH1/0 
WITH 

KEY DEPRESSED 
ATK1-03 

WORD TIME 

OIGITTIME 

v," 

~ SWITCH TIME 

v," 

FIGURE 3. Input Timing 

DIGITJ 
INPUT 

K1 SWITCH VoH 
1/0 SWITCH 

OUTPUT ,- (O~~~~T) -

~ 
r 

-- ./ 0:~:~i I I l/"I I I l.Jf rrl I I I I I I I I I I I I I I I 
READY __J ' I . I I 
INPUT I . I - ..... ----

Kl SWITCH I 
OUTP~~ _ _._1 _.1_'_..b.._.l.._.l_.. ..... J..,<----------------

..._ -'1 

K2SWITCH 
Kl - DJ KEY RELEASE 

TIMED OUT 
K1-03KEYIS 

ENTERED JNTO 
CALCULATOR BY CALCULATOR 

OUTP~i ---------------~_.l_ ... 1 ....... 1 ...... 1 ... ~'~'_._I _____ _ 
K2 - 03 KEY IS ENTERED 

INTO CALCULATOR 

FIGURE 4. Programmer Output Timing 
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TABLE I. Action of Dynamic Control Keys as a Function of The t0AD/RUN Mode 

KEY LOAD RUN 

START Clears and initializes prograni storage Starts program when stopped in HALT 
area. mode. Starts first program. 

SKIP Terminates current program and Skip remainder of current program .. and 
initializes a new one.· begins execution of riext one. 

HALT P'rograms an operator data entry or 
check point in RUN MODE. 

DELETE. Erases the last key entered. (Acts as a 
backspace key.) 

general description (con't) 
Forty-seven different addresses can be stored using a 
12x_4 keyboard matrix. (The illegal address is Digit 1 and 
K4.) Switch Input K5 is used to enter programming con
trol signals only and is not connected to the calculator in 
·any way. The K5 input has key debounce protection 
identical to the calculator chip, which debounces Kl 
through K4. The MM5765 does not accept a K 1, K2, K3 
or K4 input until the Ready signal from the calculator 
goes from an idle, or high state, to a low state-indicating 
the key has been debounced by the calculator. 

The program chip is dynamic, which means power must 
not be interrupted if a program is to remain stored. 
When power is applied an internal circuit automatically 
clears the MM5765, inhibiting false entries to the cal
culator and conditioning the system for entry of a 
new program. 

Actual storage of the sequential key information is in a 
612-bit shift register (see Figure 1). Each input char
acter is encoded into a six-bit word and placed in the 
1/0 register. If a Ready input confirms the character has 
been accepted by the calculator as a valid key entry, or 
the internal key debounce circuit in the case of Switch 
Input K5, the new key information is transferred by 
the commutator to the storage register. It is always 
placed in sequence at the end of the existing program, 
and an internal pointer is advanced six bits. The control 
word detector keeps track of the pointer and special 
codes required for control and alarm situations. In the 
Run Mode, characters are sequentially transferred into 
the 1/0 register,. decoded on command of the Ready 
signal and. entered into the calculator via the appropriate 
Switch Input Line. 

When the MM5765 is used with calculators with long 
execution times, it may be useful to use a buffered 
Ready signal to drive a "Busy" indicator. This would 
give the user a visual feedback of status during Run 
operations. 

PROGRAMMER CONTROL FUNCTIONS 

"Load/Run" Mode Control 

This control requires a single-pole, single throw static 
switch. It prepares the MM5765 for either accepting a 
key sequence or playing it back. Its position controls 
the function of the dynamic keys as shown in Table I. 

Additional steps or programs can be appended to a 
stored key sequence even after execution simply by 
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switching back to the Load Mode and entering . .the new 
steps. The storage register pointer always returns to 
the end of the previously entered key sequence when 
the mode is changed from Run to Load, and to the 
beginning of the first program when changed from 
Load to Run. 

"Start'~ Key (Refer to Table 11 for keyboard connections) 

The function of this dynamic key depends upon the 
position of the Load/Run Mode Control Switch: 

1. With the Mode· Switch in the Load position, Start 
clears the entire program storage register of all pro
grams and initializes the device for accepting a new 
set of programs by setting the pointer at the first 
storage location. 

2. With the Mode Switch in the Run position, Start 
begins execution of the first program, or if pausing 
in the Halt Mode, continues the program. This key 
is not seen by the calculator and therefore has no 
affect on the calculations in progress. 

The Start key is timed out by the key bounce-out 
stability timer of the MM5765 on both key entry and 
release: 

TABLE II. Control Signal Input, K5, Keyboard Matrix 

CONTROL KEY DIGIT TO 
FUNCTION K5 CONNECT·ION 

START D5 to K5 

SKIP D6 to K5 

DELETE D7 to K5 

HALT D8 to K5 

"Skip" Key 

This is the other dynamic key whose function depends 
on the position of the Load/Run Switch: 

1. In the Load Mode, this key terminates the current 
program and marks the beginning of a new program. 
Repetitious depressions will be ignored. The Delete 
key will erase this key from the storage register, but 
the Alarm will be set indicating to the user that a 



LO 

le complete program has been deleted. A new Skip if a Skip code is deleted or an attempt is made to delete 
the Start code (beginning of first program). LO will reinitiate the deleted program; otherwise, sub-

:? sequent deletions or additions will be to the pre-
:? vious program. 

2. In the Run Mode, if the MM5765 is at a Halt, the 
Skip key wil I cause the remaining steps of the 
current program to be skipped. Execution auto
matically begins again at the start of the next program 
and continues to the first programmed· Halt; in the 
absence of a Halt, execution will continue to the 
end of the program. 

Depression of this key is not seen by the calculator and 
does not affect its status. The Skip key is timed out by 
the key bounce-out stability timer of the MM5765 on 
both key entry and key release. 

"Halt" Key 

The Halt key is a dynamic key that has a function only 
in the load Mode. It is ignored in the Run Mode. 

The Halt key is used to program a data entry pause in 
the playback of a key sequence. When a Halt occurs in 
the program sequence during operation in the Run Mode, 
the MM5765 ignores all key entries except Start or Skip. 
The calculator chip accepts all nonprogrammer keys in 
the normal manner so that constants or variables can be 
entered, or intermediate calculations can be performed. 
The operator rnay use the Halt as a decision making 
point where he has the option to CO[)tinue the program 
in a number of ways based on an intermediate result; 
e.g., skip to another program, restart the present pro
gram, or even go to a co-routine in a second MM5765 
program chip. 

If the user switches to the Load Mode during a Halt, 
execution of the curt,ent program will be terminated 
and the MM5765 will be ready to store additional keys 
at the end of the last program. If the mode is then 
returned to Run, Start will begin execution at the be
ginning of the first program. 

The'Halt key is debounced by the MM5765. 

"Delete" Key 

The Delete is another dynamic control key that functions 
only in the load Mode and is ignored in the Run Mode. 

It provides a method of editing by erasing the end step 
of the program. It is essentially a "backspace" key. 
Multiple Deletes can be used to remove several steps 
or even complete programs, but the Alarm will be set 

The Delete key is debounced by the MM5765. 

Switch Input K5 Keyboard Bounce Protection 

The MM5765 programmer chip is designed to interface 
with most low-cost keyboards and has characteristics 
identical to the standard NSC calculator keyboard bounce 
protection circuits. 

A control key closure is sensed when Switch Input K5 is 
forced more positive than the logical High level speci
fied in the Electrical Specifications. At the instant of 
closure, an internal "Key Bounce-out and Stability 
Time" counter is started. Any significant voltage per
turbation occurring on the K5 input during timeout will 
reset the timer. Hence, a key is not accepted as valid 
until noise or ringing has died out and the stability time 
counter has timed-out. Noise that persists will inhibit 
key entry indefinitely. Release is timed in the same 
manner. The actual control operation is performed by 
the MM5765 after the release is validated, to differen
tiate the action from a calculator key. 

ALARM CONDITIONS 

An alarm condition will be indicated by the MM5765 
program chip as a logical High level output on pin 7. 

. An alarm condition can exist due to three circumstances: 

1. All 102 storage locations in the storage register 
are full. The Alarm is reset by entering a Delete 
key or if the mode is changed to Run and any key is 
pressed. When the storage register is full, subsequent 
data keys are ignored; the existing program is not 
disturbed. 

2. An attempt is made to delete a Start key code in 
the storage register during editing of a program. 
The alarm is set and the Delete key is ignored. Any 
of the calculator keys, the Skip or Halt keys or 
moving the Mode Switch to Run and pressing any 
key will reset the Alarm. 

3. · A Skip key code is deleted from the storage register 
while editing. The alarm is set and the Skip is 
deleted. Any calculator or programmer key, or 
switching to the Run Mode and pressing a key 
will reset the alarm condition. If a Skip key is not 
re-entered, new key entries will be appended to the 
previous program, and the original program being 
edited will no longer exist. 

TABLE Ill. Ready Signal Description 

CALCULATOR FUNCTION READY SIGNAL 

Idle Ready is quiescently at a Logical High Level (''N ss). 

Key entry and functional operation When a key is depressed, the calculator bounc~-out stabilitY timer 
is initiated. Ready remains high until the bounce-out time is 
completed and the key is entered, at which time it changes to a 
Logical Low Level ('VV00 ). 

Key release and return to idle Ready remains low until key release is debounced and the 
calculator returns to the idle state. The low to high transition 
signals the return to idle. 
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TABLE IV. Mode and Alarm Truth Table 

PIN MODE LEVEL 

RUN LOW 
Load/Run Input 

LOAD HIGH 

ACTIVE HIGH 
"" 
Alarm Output 

INACTIVE LOW 

TYPICAL OPERATION 

Loading a New Program 

At power-on, the MM5765 automatically clears and 
initializes the storage register. All that is necessary to 
start programming is to switch to the Load Mode. If 
unwanted programs already exist in the storage register 
from previous. operations, switching to the Load Mode 
and depressing Start will clear the memory and initialize 
a new program. 

Programming is accomplished by simply keying the 
calculator in the normal manner. The MM5765 mem· 
orizes each key in the sequence entered. It is usually 
convenient to have the calculator displaying as the pro· 
gram is entered to catch entry errors and keep track of 
progress. However, it is necessary to consciously con· 
sider the anticip-.ited results when programming to ensure 
a meaningful display ateach step. For example, wherever 
variables are to be entered in the program, the Halt 
key is used rather than any numeric value. Because the 
calculator chip does not see a Halt, the display will no 
longer be correct as the remainder of the sequence is 
loaded. One convenient way around the problem is to 
depress and hold the Halt key down while a dummy 
variable is entered into the calculator. The depressed 
Halt key will lock·out the MM5765 without affecting 
the calculator. An alternate approach would be to enter 
the Halt and the dummy variable, followed by the proper 
number of Delete keys required to erase the dummy 
variable from the storage register. Either approach re· 
suits in a valid calculator display and stored. program 
during programming. 

Because the primary reason for using a key sequence 
programmer is to allow convenient recall of often used 
routines or in optimizing a particular solution by iter· 
ati_f!9 a_function many times with a variety of input 
variables-in other words, many iterations of a common 
sequence-it is always worth the time to spend a few 
minutes planning the best way of entering the program. 
Learning what the calculator should be displaying at 
each step of the programming can be done conveniently 
by keying the program while in the Run Mode, using 
the proper dummy variables, and jotting down inter· 
mediate results. In this manner potential calculator 
overflow conditions are caught, and subsequent Load 
Mode entry errors can be easily detected. When an 
entry error is made while programming in the Load 
Mode, use the Delete key to erase as many steps as nee· 
essary, switch back to the Run Mode and depress Start 
to correct the calculator display and return to the Load 
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Mode to finish. If the program does not approach the 
102 key capacity of the MM5765, you may wish to 
simply use the calculator functions (such as C.lear Entry) 
to correct the error situation even though they will be 
included in the stored program. 

When the program is correctly loaded move the Mode 
Switch to Run. The program is now ready to be 
executed. Additions can be made to the program (even 
after execution in the Run Mode) by returning to Load. 
New key entries will be automatically appended to the 
end of the existing stored sequence. By executing the 
program before returning to Load, the calculator display 
will have a valid display and be in the correct sta.te for 
properly displaying the new key additions. In this 
manner long programs may be constructed tw connecting 
together a series of short sequences which are debugged 
as you go (reducing the possibility of error and·. tnin· 
imizing confusion). 

Running a Program 

Use of a stored program requires only that the calculator 
be preconditioned, if necessary, and the Start key 
depressed while in the Run Mode. The program will 
continue to the end, or until a Halt is encountered in 
the key sequence. 

Halts act as a pause during execution to permit entrY of 
variable data, manual calculation of data, or checking of 
intermediate values. They are also available as user de· 
cision points for jumping to subsequent programs and 
can provide the capability for multiprogram labeling. 
When a Halt is encountered during execution, the 
MM5765 stops making key closures and returns control 
to the keyboard. 

Upon reaching the end of a program, the internal 
pointer will return to the beginning and wait for another 
Start key. 

As discussed above, programming certain sequences can 
result in errors in the calcul.ator chip either during load· 
ing or during execution. If an error occurs as the 
program is ·1oaded, the MM5765 will continue to store 
key depressions as they are made-independent of the 
calculator. Such a situation exists if a calculation results 
in_ overflow during execution of a stored program. The 
MM5765 continues to step through the sequence com· 
pletely independent of calculator status ii$. long as the 
Ready signal responds properly. · 

Multiple Programs 

Use of the Skip key in the Load Mode codes that 
location as the beginning of a new program, just as the 
Start key is used to initialize the first progr<!m. All other 
aspects of loading the program are the same. 

When a program stops at a Halt during execution, the 
user has the option of pressing the Skip key to jump to 
the next program or the Start key if he wishes to con· 
tinu.e the original sequence. When control passes to the 
next program,. execution begins and proceeds to. the end 
of that program or. until a Halt is encountered. 



This property of automatically executing a program 
down to the first Halt provides a convenient method of 
labeling multiprograms. For example, entering a program 
with the sequence: 

Start (Load/Run = Load Mode) 
1 

Halt 
c (Calculator Clear Entry) 

~ } Desired key sequence for Program No. 1 

Halt 
Skip 

2 
Halt 

c 

:} Desired key sequence for Program No. 2 

Halt 

has stored two program sequences. In the Run Mode, 
pressing Start will display a "1", a second Start will 
execute Program 1 (or to the first internal Halt) even· 
tually stopping at the last Halt and displaying a program 
result. The operator now has the opportunity to make a 
decision. He may rerun Program 1 by using the Start 
key, or continue to Program 2 by depressing the Skip 
key. 

If he chooses Skip, a "2" will be displayed indicating 
that Program 2 has been addressed (as programmed by 
the Skip-2-Halt sequence at the beginning of Program 2 
in the Load Mode). Start will then execute Program 2 
down to its first Halt. The Program 2 result can be dis· 
played by inserting another Halt at the end of that 
sequence. If a third program has been stored in the 
MM5765, depressing Skip will move the internal pointer 
to the beginning of that program and execute it to the 
first Halt. Assuming a Skip-3-Halt sequence was used at 
the front of the program, a "3" would. be displayed by 
the calculator. If the operator had wished to rerun Pro
gram 1, instead of advancing to Program 3~ he would 
have used Start (internal pointer is initialized). Start 
(displays shows 'T'f and Start (program is executed). 
For a rerun of Program 2 tr.om the last Halt of Program 
2, he would push Start (internal pointer is initialized) 
and Skip (pointer locates the top of Program 2, executes 
to first Halt and calculator displays "2"t. 

Adding a Step Mode Feature 

By returning the Ready input of the MM5765 to Vss 
when the Mode Switch is in the Run Mode position, 
and depressing any of the control keys (Start, Skip, 
Halt or Delete) the program stored in the MM5765 may 
be executed and advanced one step at a time. This 
provides a convenient method of debugging programs. 

Figure 5 shows the wiring of a 2-pole, 3-position switch 
used as the Mode Switch of a Programmer/Calculator 
system with the Step Mode as an added .feature. Switch· 
ing from the Load Mode to the Step Mode conditions 
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MM5765 

READY 

~ 

•••••-••fl MOOE 
SWITCH I 

QSTEP 

ORUN 

READY SIGNAL 

o;;;;.;;___..-~=~ULATOR 
CHIP 

FIGURE 5. Switch Wiring for Adding Step Mode 

the programmer to step through the stored program 
starting from the first entry of the first program. Start 
must be used to initiate the sequence, then any of the 
control keys can be used. Each depression of Start, Skip, 
Halt or Delete will advance the program being executed 
by the calculator one step. When a Halt is encountered 
in the program while in the Step Mode, the MM5765 
ignores all key .entries except Start or Skip just as 
described in Table I. .ff the Mode Switch is moved to 
Step from a Halt point in the Run Mode, the program 
may be stepped from that point on by using Start or 
Skip followed by depressions of any of the control keys. 
Switching to Run from any intermediate point of a 
Run operation from that point. From a Halt, a Start or 
Skip Key must be pressed after .switching to the Run 
Mode. 

PROGRAMMING EXAMPLES 

These examples assume use of the MM5738 calculator. 
which is an 8-digit, floating point, algebraic notation, 
single memory chip with constant operation. Please re
view the· MM5738 data sheet for explanation of key
board notation and function capability. 

Example 1 

A problem often encountered in communications design 
is the solution of 

[ Sin £1] X=Y--
8 

With a programmer and e.ven a simple calculator like the 
MM5738, this problem can be repetitively solved easily 
without tables. First, program the ·sequence for approx
imating sin £1 using 

83 os 
Sin 8 ~ 0 --,- + - where 0 is expressed in radians. 

3! 5! . 

1200 - 2083 + 05 

· , where 5! = 120 
120 

[(£1 2 - 20) 02 + 120] 0 

120 



Example 1 (Con'tl 
KEV DISPLAY 

c 
c 0 
2 2 

Start 2 
MS 2 
x 2 

4 
4 

20 20 
x -16 

MR 2 
x -32 

MR 2 
+ ~64 

122 122 
c -64 

Delete -64 
Delete -64 
Delete -64 
Delete -64 

120 120 
x 56 

MR 2 
1 1 2 

120 120 
0.9 3 3 3 3 3 3 

rr rr 
Check program by executing with 8 =.:.._, -

4 3 

3.14 3.1 4 
3.1 4 

4 4 
0.7 85 

Start 0.7 0 6 8 6 1 3 
3.14 3.1 4 

3.1 4 
3 3 

1.0 4 6 6 6 6 6 

Start 0.8660287 

RUN/LOAD 

Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 

Run 
Run 
Run 
Run 

Run 
Run 
Run 
Run 
Run 

Run 

COMMENTS 

Clear calculator 
Dummy variable "2" for 8 is entered. 
MM5765 is initialized. 

82 is formed 

(8 2 - 20) 82 is formed. 
122 is an entry error 
After entering "C", operator can simply 
continue by entering 120, or can correct 
program sequence by deleting last four 
keys. Result is the same, except the second 
alternative would use less program storage. 

Sin 8 for 8 = 2 radians is displayed 

Enter approximation of rr 

rr 
() = - , in radians 

4 
-vSin~displayed 

4 

rr 
() =----; in radians 

3 
rr 

-vSin- displayed 
3 

Now we would like to add to the same program the re'st of the expression: 

Sin IJ 
v-. --

KEV 

Halt 

MR 
x 

Halt 
1 

Delete 

e 
DISPLAY 

1 
1.0 4 6 6 66 6 

0.9 5 5 4 1 4 
0.9 5 5 41 4 

1 
1 

0.9 5 5 4 1 4 

RUN/LOAD 

Run 
Load 

Load 
Load 
Load 
Load 
Load 
Load 
Load 
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COMMENTS 

"1" is dummy variable for sine 
"Halt" is tagged onto end of existing 
program to allow readout of sin () 
during execution 

Allows for Y entry 
Dummy variable for Y 
Dummy variable is removed from program 
by Delete, or Halt could have been held down 
while 1 is entered, in which case Delete would 
not be required. 

ml 
I 



Example 1 (Con'tl 
Problems can now be solved.using the program. 

Sin(0.721 
Evaluate: 0.54----

0.72 

KEV DISPLAY 

0.72 0.7 2 
Start 0.65 94 0 44 
Statt 0.91583 9 4 
.64 0.54 

Start 0.4945532 

RUN/LOAD COMMENTS 

Run Enter 0 = 0.72 radians 
Run Sin (0. 72) displayed 
Run 
Run Enter variable Y 
Run Sin(0.721 
Run 0.54 displayed 

0.72 

A sequence could easily have been included to convert degrees to radians. 

PROGRAMMtNG 

As an example of a multiprogram application, consider an automobile salesman who needs to calculate price plus sales 
tax, down payment and monthly payment on new cars many times a day. Again assume use of the MM5738 (although 
more .j:Jowerful NSC calculators could obviously make the problem even easier). To simplify the example, assume the 
finance time is fixed at 36 months and the interest rate at 12% of the unpaid balance. 

KEY DISPLAY 

c 
Start 

1 1 
Halt 1 
c 0 
5 5 

.% 0.05 
x 0.05 

Haft 0.05 

100 100 
MS 100 
+ 5. 

K'" 105. 
Halt 105 
Skip 105 

2 2 
Halt 2 
c 105 

Halt 105 

20 20 

% 0.20 
x 0.20 

MR 100 
20 

Halt 20 
Skip 20 

3 3 
Halt 3 
c 20 

20 
MR 100 

-80 
MS -80 
1.01 1.01 
x 1.0.1 

1.01 1.0 1 
L0201 

RUN/LOAD 

Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 

Run 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 

Run 

Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
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COMMENTS 

Clear calculator and programmer. Label 
Program No. 1 

Clear program label. 
Sales tax = 5%. 

Load dummy variable for car price. Switching 
to Run is another method of entering a dummy 
variable without having to Delete. . 

Program No. 1 displays price+ tax amount. 
Initialize Program No. 1 

Label Program No. 2 
Clear program label. 
"Halt" for down payment%. 

Dummy down payment %. 

.Program No. 2 displays required down payment. 
Initialize Program No. 3. · 

Label Program No. 3. 
Clear program label. 

Program No. 3 computes monthly 
payment from equation 

Monthly payment= [Total loan (1 + i/q)"q/nq] 
i = interest per year, 12% is assumed. 
nq =total number of months= 36 
q = 12 months per year 
(1+i/q)=1.01 



PROGRAMMING (CON'T) 

KEY DISPLAY 

1.0 4 0 6 0 4 
1.0 8 2 8 5 6 6 
1.1725784 

x 1.1725784 
1.01 1.0 1 

1.1843041 
K~ 1.1961471 

1.4 3 0 7 6 7 8 
x 1.4307678 

MR 80 .. 1 1 4.4 6 1 4 2 
36 36 

3.1 7 9 4 8 3 
Halt 3.1 7 9 4 8 3 

EXECUTION OF PROGRAM 

RUN/LOAD 

Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 
Load 

(1.01 )4 

(1.01 )8 

(1.01) 16 

(1.01) 17 

(1.01) 18 

(1.01 )36 

COMMENTS 

Program No. 3 displays required monthly payment. 

Salesman has potential customer for $4995.95 automobile. Bank requires 20% down. The customer wants to know 
amount of down payment and monthly payments over 3 years at 12%. 

KEY DISPLAY RUN/LOAD COMMENTS 

Start 1 Run Program No. 1 label. 
Start 0.0 5 Run Sales tax displayed. 

4995.95 4 9 9 5.9 5 Run Price entered. 
Start 5 2 4 5.7 4 7 5 Run Price+ tax displayed. 
Skip 2 Run Program No. 2 label. 
Start 5 2 4 5.7 4 7 5 Run 
20 20 Run Enter% down. 

Start 9 9 9.1 9 Run Down payment displayed. 
Skip 3 Run Program No. 3 label. 
Start 158.84543 Run Monthly payment displayed. 
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MM5766 calculator programmer 

general description 

The MM5766 provides a convenient and inexpensive 
means of· adding "learn mode" programmability to the 
National Semiconductor MM5758 sdentific calculator 
chip. The monolithic MOS integrated circuit combines 
P-channel enhancement and depletion mode technolo
gies to obtain low voltage and low power characteristics 
necessary for economical battery-powered products. 

The MM5766 is a dynamic key sequence programmer 
that memorizes any combination of key entries while in 
the Load Mode, then automatically plays back the pro· 
grammed sequence as. often as desired in the Run Mode. 
Up to 102 characters can be stored in multiprogram 
sequence blocks. Each block, or program, can be exe
cuted i.ndividually or the operator can rriake the decision 
to branch to specific programs, run each in series or 
perform intermediate calculations from the keyboard. 
When programming in the Load Mode, the Delete key 
provides a convenient editing feature and the Halt key 
programs ·variable data entry points where control is 
temporarily returned to the operator in the Run Mode. 
Start and Skip keys control operation in both modes. 

Synchronization with the calculator chip is accomplished 
by monitoring its Digit Output and Ready signals. The 
digit signals give timing information while the Ready 
indicates status of the calculator and synchronizes the 
key entry interface between it and the MM5766. 

block and connection diagrams 

CONTROL WORD 
DETECTOR 

612-BIT STORAGE REGISTfR 

MAIN 
CONTROL 

ENCODER/ 
DECODER 

t 

1/0 
TIMING 

ANO 
CONTROL 

+-Dl 

+-;-02 

+:-012 

+-.Kl ........ , ._., 
-·· 

DIGIT 
INPUTS 

KEY 
SWITCH 
1/0 

+-- LOAO/RUN MOOE 

REAOY 

JU ARM 

Calculators 

Up to four switch inputs (K1, K2, K3.and K4) and up 
to twelve digit lines are connected in parallel with the 
calculator switch and digit terminals that scan the key
board. Keys stored in the MM5766 that are entered by 
selecting K1 through K4 are encoded simply as matrix 
positions, i.e., a particular switch input at a specific 
digit time. Therefore it is the key matrix address that is 
stored and not the key ·function. Please refer to the 
MM5765 data sheet for a detailed functional des<'.ripti.on. 

features 

• Any key sequence, including constants and. data entry 
points, may be stored automatically in the Load Mode 
and executed in the Run Mode. 

• 102 step storage capacity of up to 47 different keys 
arranged in a 12 x 4 matrix. 

• Multiprogram capability 

• Provision for editing in Load Mode using the Delete 
key 

• Convenient verification of programs using a Step 
Mode feature 

• Alarm for full storage condition-or if a deletion of 
the first step in a program is attempted 

• Power-on clear 

Dual-In-Line Package 

Von 
22 

K3 

K4 
21 

K2 

I' 
10 

Kl KS 

19 
READY OS 

RUN/LOAD 
16 

09 

TEST 
17 

OB 

16 
ALARM 06 

15 
011 07 

14 
03 04 

02 
10 73 

010 

v,, 11 12 
012 

TOP VIEW 

KEY 
OEBOUNCE +-- K5, CONTROL INPUT 

Order Number MM5766N 
See Package 21 

FIGURE 1 
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absolute maximum ratings operating voltage 
3:: 

range 3:: 
Voltage at Any Pin Relative to Vss V55 + 0.3V to V55 - 12V V55-6.5V $ V 00 $ V55-9.5V CJ'I 

(All other pins connected to V ss} 
(V55 i~ always the .st positive supply) """' Ambient Operating Temperature 0°C to +70°C en 

Ambient Storage Temperatu-re -55°C to +150°C en 
Lead Temperature (Soldering, 10 seconds) 300°C 

de electric a I characteristics .. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

loo Qperati17g Supply C!Jrrent Voe= Vss -9.5V, TA·= 25°C 8.0 18.0 mA 

KeyboBrd Scan Input Levels 

(Kl, K2, K3, K4) 

VrH Logical High Level Voo = Vss -7.2V v 55 -2.5 v 
., V 00 = V55 ,.-8.SV V 55-4.0 v 

VIL Logical LOw Level V00 = V55 -6.SV V 00+1.0 v 

V~o = Vss -9.5V Voo+1.S v 

K5 and. Digit Input Le~els 

(02 through 012) 

VrH Logical High Level Voo = Vss -7.2V; lrH ~ -200µA v 55-2.s v 

V0~ = V55 -8-SV; 11H ;:'.-200µA V55 -4.0 v 

V,L Logical Low LeVel .... V 00 = Vss -6.5V v., 0 +1.0 v 

Voo = Vss:.. 9.5V Voo+l.5 v 

Other Inputs {Ready, Run and Test) 

VrH Logical High Level v 55-2.s v 

VIL Logical Low Level ·Voo = Vss -6.SV v •• -s.o v 

V 00 = Vss .-9.SV v •• -6.0 v 

Switch Buffer Output Levels 

(K 1, K2, K3, K4) 

VoH Logical High Level Vo~= Vss - 7.2V v 55 -1.5 Vss v 

V00 = Vss - 8.8V V55 -3.o Vss v 

Vol Logical Low Level V 00 = Vss -6.SV Vss-6.0 v 

Voo = Vss - 9.5V, loL $-1.5 mA v 55 -1.o v 

Alarm Output Current 

Source Current VouT =v •• -4.SV, "Voo =v •• -6.SV' -5.0 mA 

VouT = Vss - 5.2V, V 00 = Vss-, 7.25V -8.0 mA 

VouT = Vss -7.SV, V 00 = V5 s - 9.5V -20.0 mA 

ac electri~~I ch~ racteristics 
PARAMETER 

-'-
CONDITIONS MIN TYP MAX UNITS 

Digit Input Time (Figure3) 70 µs 

Word Time (Figure 3) ·' 0.64 ms 

S'-;'itch Input Time (Figure3) 70 µs 

El Switch Out.put Time (Figure4) 70 µs 

Switch Propagation Delay Output (Figure4) \5 26 µs 
' I 

tR and Switch Output Transition Time CLOAD = 1 OD pf, (Figure 4) 2 µs 

tF 

Switch Input K5 Key Bounce-out 4.5 17.0 ms 

Stability Time 

(The time a' keyboard input must be 

continuously higher than the minimum 

Logical High Level to be accepted as a 

~ey closure, or lower than the maximum 

Logical Low Level to be accepted as a 

key release, i.e., 6 or 1 cycles of 02.) 

Ready Timing (Figure3) 

tR=tF 3 5 µs 

to 0.1 µs 

tsET·UP 20 µs 

tf'W 400 µs 

Key Closure Rate 40 ms 

(Time between consecutiv'e key outputs 

in Run Mode.) 

Key Acceptance Rate 47 ms 

(Time between consecutive key inputs 

in Load Mode.) 
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/~~· 

Kl ., 
KJ 

•• 

HALT 

DELETE 

SKIP 

START 

15k 

._ ___ _,20o( K4 KS . 
._ _______ "'-122 KJ 

+JV TO +4.SV 

21 K2 

20 Kl 

.-------------<>Vee 
+ 

ON-OFf 
SWITCH 

OC-DC: 
CONVERTER 

+BV t10% 
v,. 

12 2J 

v,. Voo 

MM5758 

o, o, De Do ROY 

22 

15 14 13 12 

o, n, De Do 

DS8868 

16 17 10 

12 8 13 18 17 15 16 19 14 

012 011 010 09 08 07 06 05 04 03 

MMS766 

RUN/LOAD 

181 SEGMENT 
OUTPUTS.TO 
OSB867 SEGMENT 
DRIVER 

t--t---------o Voo 

i--t---------o Vee 

.'· 

" s, 

'· 
" s, 

OISPLAY 

10 
NSA5161 

11 

'· 
12 19 s, 

14 15 
s, 

20 
s., 

21 

~-;---<1.---v Voo 
STEP 

LOAD 

0 
RUN 

FROM 
DS8B67 
SEGMENT 
DRIVER 

v,. 
PROGRAM· 

MODE 
SWITCH 

FIGURE 2. Interface of MM5766 Programmer with MM5758 Scientific Calculator 
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DIGIT 2 
INPUT 

otGIT 3 
INPUT 

DIGJT4 
INPUT 

Kl SWITCH 1/0 
WITH 

KEY DEPRESSED 
ATK1 ·03 

READY 

K1 SWITCH 
1/0 OUTPUT 

.-------w-••_•_T_IM_·~~~-loDllGGITITTT™™'E 
~~ 

Voe 

FIGURE 3. Input Timing 

DIGIT J INPUT 

K1 SWITCH 1/0 OUTPUT 

K1·D3KEYIS 
ENTERED INTO 
CALCULATOR 

K1 · 03 KEV RELEASE 
TIMED OUT 

BY CALCULATOR 

\_ 

K2SWITCH ---------------..-..-..-..-....... .-~-----
110 OUTPUT 

K2 · 03 KEY IS ENTERED 
INTO CALCULATOR 

FIGURE 4. Programme< Output Timing 
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MM5767 slide rule calculator* 

general description 

The single-chip MM5767 Slide Rule Calculator was 
developed with the primary objective of low end
product cost_ A complete calculator as shown in Figure 
1 requires only the MM5767, a 20 or 22 key keyboard, 
DM8864 digit driver, NSA298 LED display and a 9V 
battery with appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and 7-segment output dis
play encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the MM5767, as it typically sources about 
8.5 .mA of peak current. (Note: the typical duty cycle 
of each digit is 0.104; average LED segment current is 
therefore approximately 0.89 mA) The left-most digit 
is used for the neg<1tive sign or the decimal point of a 
number less than unity. 

An internal power-on clear circuit clears all registers, 
including the memory, when V00 and Vss are initially 
applied to the chip. 

Trailing zero suppression allows convenient reading of 
the left justified display, and conserves power. The 
DM8864 digit driver is capable of sen.sing a low battery 
voltage and providing a signal during Digit 9 time that 
can be used to turn on one of the segments as an 
indicator. 

Calculators 

features 

• 20 or 22 key keyboard 

• Full 8-digit entry and display capacity 

• Complete electronic slide rule capability 
• Arithmetic functions: +, -, x, 7, yx, 1/x 
• Logarithmic functions: In x, log x, e• 

• Trigonometric functions: sin x, cos x, tan x, arc 
sin x, arc cos x, arc tan x 

• Other functions: yx, rr, change sign, exchange, 
radians to degrees, degrees to radians 

• Three-register operational stack 

• Independent accumulating storage register with store, 
. recall, memory plus and memory minus functions 

• Floating point input and output 

• Direct 9V batterycompatibility;lowpowerdissipation 
• Power-on clear 

• No external components required other than display 
digit driver, keyboard and LED display for complete 
cal cu later ' 

• Error indication for over range, overflow and invalid 
operations 

• Left justified entry and results with trailing zero 
suppression 

• Automatic display cutoff 

• Reverse polish notation 

, *Note: For detailed information on electrical specifications and key operations please refer to the MM5760 data sheet. 

connection diagram 

OIGITJ 

DIGIT2 

DIGITT 

( .. K3 
SWITCH 
INPUTS 

NC 

Kl 

Voo 

SEGMENT G 

SEGMENT B 10 

SEGMENT F t1 

Dual-In-line Package 

TOP VIEW 

24 
DIGIT4 

23 
DIGITS 

22 DIGIT 6 

21 
DIGIT7 

19 DIGIT 9 

17 SEGMENT D 

16 SEGMENT E 

15 SEGMENT A 

14 
DECIMAL POINT 

Tl SEGMENT C 

Order Number MM5767N 
See Package 22 

keyboard outline 

I' 

*Optional 
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Typical current drain of a complete calculator displaying 
five "S's" is 30 mA .. Automatic display cutoff is 
included. If no key closure occurs for approximately 
35 seconds, all numbers are blanked and all decimal 
points displayed. 

The keys are arranged in a three-by-nine matrix (Figure 
2). In addition to seven arithmetic functions plus loga
rithmic, trigonometric and accumulating memory 
functions, the calculator is capable of calculating yx, 
automatically entering 1T and providing degrees/radian 
converions. 

RE1Y 
_[ 

The user has access to four registers designated X, Y, Z 
and M. X is the display and entry register, and is the 
bottom of a "push-up" stack that also. includes registers 
Y and Z: 

I z jz 
Iv 1v Im IM 
Ix jx 

Note: Lower case letters designate the data in the register 
identified by a capital letter. 

J. 

l 
J:I Sa Sb Sc Sd Se SI Sg DP 

=1 
DP Sg SI So Sd So Sb S. NSA1Z"J 
-100 ::J 00::1 

l ~J MM5761 B. o. o. El. Ei. El. i:::.1. o.B. 
K4 01 02 DJ 04 05 D& 07 08 09 M ~ ~ M ~ ~ ~ ru m 

_I 
LV GNO Vee t-
IND 

I--

1J 
KEYBOARD I 

DSB864 
OR 

DS8873 

FIGURE 1. Complete Calculator Schematic 

K1 K3 K4 

D9 TAN/6 

DB cos-'n rr/F 

D7 R-> Dix SIN-1 /8 D* 

D6 
•' 

D-> R/+ TAW1 /9 LN/0 

05 M+/+ r1- Log/1 

D4 M-/- EXC/EN Y'/2 

D3 CLF/CL MS/MR e' /3 

02 CA* 1/x I cs COS/4 

D1 SIN/5 

*Keys not included in 20 key version. 

FIGURE 2. Keyboard Matrix 
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KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5767 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when 
one of the key inputs, K 1, K3 or K4 is forced more 
positive than the Logical High Level specified in the Elec· 
trical Specifications. An internal counter is started as a 
result of the closure. The key operation begins after nine 
word times if the key input is still at a Logical High Level. 
As long as the key is held down (and the key input re· 
mains high) rio further entry is allowed. When the key 
input changes to a Logical Low Level, the internal counter 
starts a sixteen word time-out for key release. During 
both entry and release time-outs the key inputs are 
sampled approximately every other word time for ·valid 
levels. If they are found invalid, the counter is reset and 
the calculator assumes the last va.lid key input state. 

One of the popular types. of low-cost keyboards avail
able, the elastomeric conductor type, has a key pressure 
versus contact resistance characteristic that can generate 
_continuous noise during "teasing" or low pressure key 
depressions. The MM5767 recognizes a series contact re
sistance up to 50 Hl as a valid key closure, assuring a 
reliable interface for that type of keyboard. 

AUTOMATIC DISPLAY CUTOFF 

If no key is depressed for approximately 35 seconds, an 
internal automatic display cutoff circuit will blank all 

segmen_ts and display nine decimal points. Any key de· 
pression will restore the display; to restore the display 
without modifying the status of the calculator use two 
change sign, "CS," depressions. ' 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state the output is at a Logical 
High Level (near V85 ). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is completed and the key entry is accepted as 
valid, then goes low as indicated in Figures 3 and 4. It 
remains at a Logical Low Level until the function initiated 
by the key is completed and the key is released. The low 
to high transition indicates the calculator has returned to 
an idle state and a new key can be entered. 

ERROR INDICATION 

In the event of an operating error, the MM5767 .will 
dis.play all zeros and all decimal points. In addition to 
normal calculator overflow situations which occur as a 
result. of adding, subtracting, multiplying or dividing and 
including division by zero, the error indication is dis
played for any other calculation where the result is 
IR I> 99999999 or IR I:<=; 0.00000001. 

For error conditions the Z-register is automatically 
cleared and the Y· and M·registers are saved. An error 
condition is cleared by depressing any key except 
"1/X," "+," "LOG X" or ;'LN X." Operation on the 
X register wit~ an error displayed will be performed as 
if x contained a'.zero. 

DIGI~ _J )VoH i ~V.ooHH 

~,~ _j~ 
READY ~I VoH 

.FIGURE 3. Ready Timing 

NEW 
KEY· IS , KEV IS 

- DEPRESSED [______ ._! RELEASED • . 1- 9WORDS-- I t 
SW1~~~ ---4-JL_LJLJLJLJ 

INPUT ,,_ _____ _ 
'"NOISE" "NOISE'/ 

16WORDSAFTER J 
KEV RELEASE OR 

READY 

~ AFTER CALCULATION 1 IS COMPLETE, 
, WHICHEt___JERIS 

• LONGER. 

t~~~~~~--<· t 
NEW KEY HAS NEXT KEY 

BEEN ACCEPTED CAN BE 
BY CALCULATOR. ENTERED. 

THE KEV MAY 
BE REL~ASEO. 

FIGURE 4. Functional Description of Ready Signal and Key Entry 
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RANGE.AND ACCURACY OF FUNCTIONS vtxl have eight digit accuracy. All results are truncated. 
Table I summarizes range and accuracy of the other 
functions. Arithmetic calculations will be l:ompleted in 
less than 0.5 second; all others except Y• in less than 
2.5 seconds and Y• in less than 5 seconds. 

The smallest magnitude that can be displayed is 
±0.00000001 and the total range is from ~9999999 to 
+99i:i99999. The arithmetic functions (+, -, .x. +, 1/X, 

TABLE I. Digit Accuracy for Vari~us Functions 

FUNCTION RANGE 

SIN, COS, TAN 'V --90° to 'V 90° 
"V -360° to "V 360° 

ARC SIN and ARC COS "V-1to"V+1 

ARC TAN --99999999 to 99999999 

LOG x~o 

ex -28 S X S Qn 99999999 

LN x~o 

,jX x~o 

yx Y>O 
X Qn Y S Qn 99999999 

Note 1: Six digit accuracy, as an example, would be: 

123456XX 

L., 

APPROXIMATE 
ACCURACY (Note 1) 

7 Digits 
6 Digits 

6 Digits 

6 Digits 

6 Digits 

6 Digits 

6 Digits 

8 Digits 

5 Digits 

n digit accuracy has the nth digit from the MSD being displayed accurate within ±1. 
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Calculators 

MM5777 calculator 6-digit, 4-function, floating decimal point 

general description 
The MM5777 single-chip calculator was developed using 
a metal gate, P-channel, enhancement and depletion 
mode MOS process with low end~product cost as the 
primary objective. A complete calculator, as shown in 
Figure 1, requires only a keyboard, 'DS8977 digit driver, 
6 1/4 digit LED display, an NSA1l61 and a gy battery 
with appropriate hardware. 

Keyboard decoding and key debounce circuitry, all 
clock and timing generation and output 7-segment dis
play decoding are all included on-chip and require no 
external discrete components. LED segments can be 
driven directly from· the MM5777 as it typically sources 
8.0 mA of peak current. [Note: The typical duty cycle 
of each digit is 0.143; average LED segment current is 
therefore approximately 0.143 (8.0 mAJ, or l.14 mA. 
Correspondingly, the w9rst:case average segment cu~rent 
is 0.143 (4.5 mA), or 0.64 mA.) The seventh digit is 
used for the negative sign of a six digit number and as an 
error indicator. Negative results less than six digits will 
have the negative sign displayed one digit to.the left of 
the most-significant-digit (MSDJ. The DS8977 digit 
driver is capable of indicatin·g a low battery voltqge con· 
dition by turning on a seventh digit segment-which does 
not hinder the actual calculator operation. 

Leading and trailing zero ·suppression allows convenient 
reading of the right justified display and conserves 
power. Battery life is estimated to be 10 to 20 hours, 
depending on battery quality, operating schedule and 
the average number of digits displayed. 

connection diagram 

READY 

I DIGIT7 

! DIGIT1 

· OIGIT2 4 

DIGIT 3 

SEGMENT d 

SEGMENT g 

sEGMENTb 9 

SEGMENTf 19 

DECIMAL .PT 11 

-,, 
v,. 

Dual-In-Line Package 

TDPVIEW 

Z< Dl~IT4 

Zl DIGIT 5 

zz DIGIT& 

21 N/C 

20 N/C 

19 KEV INPUT 3 IK3} 

18 KEV INPUT 2 (K2) 

17 KEV INPUT 1 IK1l 

ti S-EGMENTe 

15 SEGMENTa 

14 SEGMENT c 

13 NC 

Order Number MM5777N 
See Package 22 
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The Ready output signal is used to indicate when the 
calculator is performing an operation (Table I). It is 
useful in testing of the device or when the MM5777 is 
used as part of a larger. system and is required to inter
face with other logic. (Another feature that is important 
in such applications is the ability to reduce the key 
debounce time from seven word times to four word times 
by forcing the Digit 6 output high during Digit 7 time.) 

features 
• 6-digit entry and display capacity for positive and 

negative numbers 

• Fdur functions (+, -. x, +) 

• Floating negative sign indicator is always displayed 
one digit to left of MSD 

• Convenient algebraic 'key entry notation 

• Floating point input _and output 

• Chain operations 

• Direct 9V battery compatibility; low ·power 

• Direct interface to LED segments 

• No external components are required other than 
display digit driver, keyboard and LED display for 
complete c.alculator 

• Overflow and divide-by-zero error indication 

• Right justified entry and results, with leading and 
trailing zero suppression 

keyboard outline 

I I 
CJ 
ONt 

CJ 
7 8 9 x 

DDDCJ 
4 5 6 -
DODD 

1 2 3 + 

DD CJD 
CE/C 0 . 
DODD 



absolute maximum ratings 
Voltage at Any Pin Relative to Vss· (All 
other pins connected to V ss). V55 + 0.3V to V55 - 12.0 

0°C to +70°C 
-55°C to +150°C 

300°C 

Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

operating voltage range 
6.5V::; Vss - V DD::; 9.5V 
(Vss always defined as most positive supply voltage.) 

de electrical characteristics 

PARAMETER CONDITIONS 

Operating Supply Current (I 00 ) Voo = Vss --9.5V 
TA= 25°C 

Keyboard Scan Input Levels 
(K1, K2 and K3) 

Logical High Level (V 1H I V58 --£.5V 5 V 00 5 V85 --9.5V 
Logical Low Level (VIL I Voo = Vss --£.5V 

V 00 = V55 --9.5V 

Digit Output Levels (Note 1) 
Logical High Level (V OH) Vss --£.5V 5 Voo 5 Vss --9.5V 
Logical Low Level (V oL) V 00 = V88 -6.5V 

Voo = Vss --9.5V 

Segment Output Current 
(Sa through Sg and Decimal Point) TA= 25°C 

VDln = V5 s -3.8V, Voo = Vss --£.5V 
VouT = V85 -5.0V, V 00 = V58 -8.0V 
VouT = V85 -6.5V, V 00 = V58 --9.5V 

Ready Output Levels 
Logical High Level (V OH) louT = --0.4 mA 
Logical Low Level (VOL) louT = 10µA 

Note 1: With digit connected through key to K-line and to 058977. 

ac electrical characteristics 

PARAMETER CONDITIONS 

Word Time (Figure 2) 

Digit Time (Figure 2) 

lnterdigit Blanking Time (Figure 2) 

Digit Output Transition Times CLOAD = 100 pF 
(!RISE and tFALLl 

Keyboard Inputs High to Low CLO AD = 100 pF 
Transition Time After 
Key Release 

Ready Output Propagation Time 
(Figure3) 

Low to High Level (tpoH) CLOAD = 100 pF 
High to Low Level (tp 0 L) CLOAD = 100 pF 

Key E1ounce-out Stability Time 
(The time a keyboard input must be 
continuously higher than the 
minimum logical high level to be 
accepted as a key closure, or con~ 
tinuously lower than. the maximum 
logical low level to be accepted as a 
key release.) 

Calculation Time for 
999999 .;. 1 = 999999 

8,85 

MIN TYP MAX UNITS 

8.0 14.0 mA 

V88 -2.5 v 
Vss~.O v 
V88 -6.0 v 

V85 -1.5 v 
V8s-6.0 v 
V85-7.0 v 

-5.0 -8.0 mA 
-10.0 mA 

-15.0 mA 

Vss-1.0 v 
V00+1.0 v 

MIN TYP MAX UNITS 

0.50 1.20 4.1 ms 

70 170 580 µs 

4 µs 

2 µs 

4 µs 

60 140 480 µs 
0.06 0.5 1.5 ms 

3.40 8.20 29.0 ms 

53.9 128.7 451 ms 



Idle 

l1~---~~1~l.._._~~--~ 
J'""K-,-""'s'"". ""'s'-b ~Sc ...... Sd~Sc-....Sf_,,S,_d~.--~1 . [ dp Sg Sf s. Sd Sc Sb S• J 

.---rl--1 K2 MM5777 -. c•. CJ. Cl. CJ. CJ. ci. •SA"" 
~K-J~Or1~0~2~DJ,_,D4'-"05'-",06 ..... D7 ____ v_DD~ 1. 

v,.1 l CJ n n n Cl Cl 

f'o!- ~ 1 
...... .+----l---"_...,,....il-l--+--+--+--+ ... -------1f;:;Lv~GN;,D~Vtcc::i.---_J 

k+ IND 

~ l .,!.. ..... 
f'o:- r--c:-' .... 

KEYBOARD 

c 
..... 

OS8977 

CALCU(ATOR CHIP DISPLAY DRIVER 

FIGURE 1. Complete Calculator Schematic 

TABLE I. Ready Signal Description 

LED DISPLAY 

CALCULATOR FUNCTION READY SIGNAL 

READY is quiescently at a Logical High Level (rvV88 ). 

9V~ 

POWEflx-

u" 

Key Entry and Functional Operation When a key is depressed,the bounce-out stability timer is initiated. 
READY remains high until the bounce-out time is completed and the 
key is entered, at which time it changes to a Logical Low Level (rvV00 ). 

Key Release and Return to Idle READY remains low until key release is debounced and the calculator 
returns to the idle state. The low to high transition signals the return to 
idle. (The display may lag the READY by up to eight word times.) 

KEY INPUT BOUNCE AND NOISE REJECTION 

The MM5777 calculator chip is designed to interface 
with low cost keyboards, which are often the least 
desirable from a noise and false entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the Key Input Lines, Kl, K2 or K3 is forced more 
positive than the Logical High Level specified in the Elec
trical Specifications. ·At the instant of closure, an internal 
"Key Bounce-out Stability Time" counter is started. 
Any significant voltage perturbation occurring on the 
switched key input during timeout will reset the timer. 
Hence, a key is not accepted as a valid entry until noise 
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or ringing has stopped and the stability time counter has 
timed out. Noise that persists will inhibit key entry 
indefinitely. Key release is timed in the same manner. 

One of the popular types of low cost keyboards 
available, the elastomeric conductor type, has a key 
pressure versus contact resistance characteristic that can 
generate continuous noise during "teasing" or low pres
sure key depressions. The MM5777 defines a series 
contact resistance up to 50 kCT as a valid key closure, 
providing an optimum interface to that type of keyboard 
as well as more conventional types. 



ERROR CONDITIONS 

In the event of an overflow, the MM5777 will indicate 
error in the leftmost digit and at least five of the signifi
cant digits of the answer. Division by zero results in an 
error indication with six trailing zeros. Once in an error 
condition, all keys except the clear key are ignored. 
When used with the NSA1161 display, segmentsf andg 
will be displayed in the seventh digit in an error 
condition. 

KEY OPERATIONS 

Clear Key 

Operation after a number entry clears the entry .and 
displays a previous result. Second depression clears all 
registers and displays a zero without decimal point in 
the LSD. Operation after a function key(+,-. x, "i- or =l 
clears all registers and displays a zero without decimal 
point. Two depressions are always required after power 
is applied. 

Number Entries 

First, entry clears the display register and enters the 
number into the least significant digit (LSD) of the 
.display register. Second through sixth entry shifts the 
display register left one digit and enters the number into 
the LSD. The seventh, and subsequent entries, are 
ignored and no error condition is generated. Because 
only five positions are allowed to follow the decimal 
point, the sixth and subsequent entries after a decimal 
point entry are ignored. 

01 02 DJ 04 

,:,;:c~~l E 5 L/ 3.2 I 
D7 01 

Decimal Point 

First depression of this key in a number entry will enter 
a decimal point in the LSD position of the display 
register. Subsequent depressions of the decimal point 
key before any function key will be ignored. 

Add, Subtract, Multiply or Divide Keys 

First depression after a number entry will terminate the 
entry, perform the previously recorded operation, if 
any, and record the function key depressed as the next 
operation to be performed after another number entry. 
Subsequent depressions of any function key, without an 
interceding number or decimal point entry wi II supersede 
the previous function as the next to be performed. After 
an equal key. the displayed result of the equal operation 
will be re-entered and the function key depressed will 
become the next operation to be performed after a 
number entry is followed by another function key 
(including equal). 

Equal 

First depression after a number entry will.terminate the 
entry. perform the previously recorded operation and 
record the fact that an equal key has been depressed. 
Depression after the add, subtract or divide keys, with
out an interceding number or decimal point entry, will 
be ignored. After a multiply key, the number being 
displayed will be squared. 

05 06 

• 
SEGMENT f /j)b 

, DESIG,NATION ,,_,, 

d 

FIGURE 2. Display Timing Diagram 
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v,.------~ 

DIGIT 1 

Voo 
10% 10% 

v,. -
DIGIT 1 

Voo --1-------' 
v,.~' ,__t''_"" --

_-----'-'--'-'..;.;;.---------1:10H 90% 
READY 

VoD~!oL 

sample problems 

I. Single Calculations 

5 x 3.14 = 15.7 

Key 

c 
c 
5 

3 

4 

II. Chain Calculations 

A. 23.37 + 243.00 - 489.16 = -222.79 

Key 

c 
c 

23.37 
+ 

243 

(Wrong Function Key) 

489.17 
c 

489.16 

FIGURE 3. Ready Output Timing 

. Display 

0 
5 
5 
3 
3. 

3.1 
3.1 4 
1 5.7 

Display 

0 
2 3.3 7 
2 3.3 7 

243 
2 6 6.3 7 

2 6 6.3 7 

4 8 9.1 7 
2 6 6.3 7 
4 8 9.1 6 
2 2 2.7 9 

Comments 

Two clears are required after power-up. 

Comments 

Function key completes previously recorded "+"Operation. 

Wrong "X" function key is updated to"-." 

Number entry error is cleared and corrected. Note the 
floating negative sign. 

B. Find square root of 169.using a modified Newton approximation method. Let N represent. tfle squared number and X0 
the initial ·estimate. The first approximation, X 1 , is 

X1 = (N/X0 + X0 )/2 
If X0 is 15, 

x, (169/15 + 15)12 
X2 (169/X 1 +X 1 )/2 
X3 (169/X 2 +X 2 )/2,etc. 

Key 

c 
c 

169 

15 
+ 
15 

2 

169 

13.13 

Display 

0 
169 
169 

1 5 
1 1.2 6 6 6 

1 5 
2 6.2 6 6 6 

2 
13.133 3 

1 6 9 
169 

1 3.1 3 

Comments 

Result is X 1 

Four digits are conveniently remembered 
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sample problems (con't) 

11. Chain Calculations (continuedl 

Key 

+ 
13.13 

2 

Ill. Auto Squaring 

A 5.252 = 27 .5625 

Key 

c 
c 

5.25 
x 

B. 5.255 = 3988.37 

Key 

c 
c 

5.25 
x 

x 

x 
5.25 

Display 

1 2.8 7 1 2 
1 3.1 3 

2 6.0 0 1 2 
2 

13.00 0 6 

Display 

0 
5.2 5 
5.2 5 

27.5625 

Display 

0 
5.2 5 
5.2 5 

27.5625 
27.5625 
7 5 9.6 9 1 
7 5 9.6 9 1 

5.2 5 
3 9 8 8.3 7 

Comments 

Result is X 2 , which is usually adequate. If more 
accuracy is required, continue the iteration. 

Comments 

Number in display register is squared. 

Comments 

Auto square = 5.252 

Auto square = 5.254 

Result is 5.255 
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MM5780 educational toy calculator 
general description 

The MM5780 single-chip, educational calculator was 
developed using a metal gate, P·channel, enhancement 
and depletion mode MOS process. It was designed with 
low end-product cost as the primary objective and is 
directed toward the educational toy market. Besides the 
MM5780, a complete calculator, as shown in Figure 1, 
requires only a keyboard, "Right" and "Wrong" LED 
display, a 9V battery and an on/off switch. Keyboard 
encoding and key debounce circuitry, all clock and 
timing generation and the capability to drive the two 
LEDs are all included on-chip and require no external 
discrete components. 

The MM5780 educational calculator was designed to be 
a mathematical aid to school age children. Problems are 
entered into the machine in algebraic form exactly as 
they are written across a printed page. The student 
provides the answer or missing factor and when finished,. 
depresses the Test key. "Right" and "Wrong" outputs 
provide an indication of the results ofthe test. If wrong, 
the student trys the problem again. If correct, he can 
move on to the next problem. Most .problems using +, 
-, x and + can be learned using this machine. The 
calculator does not have provisions for remainders in 
division or negative number entries. ·A negative result 
can be entered before the Test key is depressed. 

The MM5780 is. a low power device which operates 
directly from a 9V battery. Battery life is estimated to 
be 10 to 30 hours depending on battery quality and· 
operating schedule. 

connection diagram 

Calculators 

When the battery voltage falls below an operational 
. level, an internal circuit will disable both indicator 
outputs; i.e., neither indicator will be on after depression 
of Test. 

The Ready output signal is used to indicate when the 
calculator is performing an operation. It is useful in 
testing of the device or if interfacing with other logic. 
Another feature that is important in testing is the 
capability of reducing the key debounce time from seven 
word times to four word times by forcing the Digit 7 
output high during Digit 9 time. 

features 

• Full 8-digit entry capacity 
• Four functions (+, -, x, +) 

• Convenient algebraic key entry notation 
• Floating point in.put. and output 
• Chain operations 
• Direct 9V battery compatibility; low power 

• Direct interface to LED indicators 
• No external components required other than keyboard 

and LED display for complete educational calculator 
• Overflow and divide-by-zero error indication 

• Low battery voltage sensing 

Dual-In-Line Package 

READY 
24 

DIGIT4 

13 
DIGIT 9 DIGITS 

DIGIT 1 zz DIGITG 

DIGIT2 21 DIGIT7 

DIGITJ 
20 

DIGITS 

Voe " KEY INPUT 3 (Kl) Order Number MM5780N 

NC 18 KEY INPUT Z (K2) 
See Package 22 

NC 11 KEY INPUT I (K1} 

NC 
16 'WRONG" 

INDICATOR 

NC 
· 10 15 "RIGHT" 

INDICATOR 

NC 
11 14 . 

NC 

12 13 NC v,. 

TOP VIEW 

H-9Q:tHS 



absolute maximum ratings 

Voltage at Any Pin Relative to V55 . (All 

other pins connected to V55 .) Vss+ 0.3V to V55 - 12.0 

Ambient Operating Temperatur~ 0°Cto+70°C 

Ambient Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

operating voltage range (Note 1) 

6.5V ~ V55 -V00 ::; 9.5V 

(V55 is always defined as the most positive supply voltage.) 

de electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Current (1 00 ) Voo = V55-9.5V, TA= 25°C • 8.0 14.0 mA 

Keyboard Scan Input Levels 
(K1, K2 and K3) 

Logical High Level (V IH) Vss-6.5V::::; v DD ::::; V55-9.5V Vss-2.5 v 
Logical Low Level (V 1d Voo = Vss-6.5V V58 -5.0 v 

Voo = Vss-9.5V Vss-6.0 v 
Digit Output Levels (Note 1) 

Logical High Level (V OH) V55-6.5V::::; V 0 o::::; V55-9.5V V85 -1.5 v 
Logical Low Level (V0 d Voo = V55-6.5V Vss-6.0 v 

V00 = V55-9.5V V55-7.0 v 

Indicator Output Current 
Source Current TA= 25°C 

VouT = V5s-4.5, V 00 = Vss-6.5V -10.0 -15.0 mA 

VouT = Vss-4.8, Voo = Vs5 -9.5V -2,5.0 -32.0 mA 

Ready Output Levels 
Logical High Level (V 0~) louT = -0.4 mA Vss-1.0 v 
Logical Low Level (V0 d louT = 10µA V 00 +1.0 v 

ac electrical characteristics (Figure2) 

/ 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Word Time 0.6 1.5 5.2 ms I 

Digit Time 70 170 580 µs 

Keyboard Input (Kl, K2, K3) CLOAD = 100 pF 4 µs 
High to Low Transition 
Time After Key Release 

Ready Prnpagation Time CLOAD = 100 pF 
Low to High Level (tpoH) 60 140 480 µs 
High to Low Level (tpod 0.5 1.5 ms 

Key Bounce-out Stability Time 4.2 10.5 35.0 ms 
(The time a keyboard input must 
be continuously higher than the 
minimum logical high .level to be 
accepted as a key closure, or 
continuously lower than the max-
imum logical low level to be 
accepted as a key release.) 

Calculation Ti me for 90 220 765 ms 
99999999 + 1 = 9999999g 

Note 1: The internal low battery voltage sensing circuit will disable both indicator outputs when Vss-Voo falls below a safe operating 
voltage. That voltage may be less than or greater than 6.5V depending on process variables; the MM5780 will have been tested to operate correctly 
for any voltage less than 9.5V at which an indicator output is enabled. 



17 

MM57BO v •• 

19 K3 
D1 02 03 04 05 06 07 OB 09 

3 5 24 23 22 21 20 2 

FIGURE 1. Complete Calculator 

1--------WORDTIME---------< 

DIGIT9 

OIGITt 

READY 

FIGURE 2. Output Timing 

KEY INPUT BOUNCE" At,ID NOISE REJECTION 

The MM5780 calculator chip is ,designed to interface 
with low cost keyboards, which are often the least· 
desirable from a noise and false entry standpoint. 

A key closure is sensed by the calculator chip.when.one 
of the Key Input Lines, K 1, K2 or K3 are forced more. 
positive than the Logical High Level specified in the Elec-· 
trical Specifications~ At the instant of closure, an in.ternar 
"Key Bounce-out Stability Time'..' counter is started .. 
Any significant voltage perturbation occurring on the 
switched key input during timeout will reset the tihier. 
Hence, .a key is not accepted as a valid. entry until nois.e 

'"~ u 8-92 

or ringing has stopped and the stability time counter has 
timed out. Noise that persists will inhibit key entry 
indefinitely. Key release is timed in the same manner. 

One of the . popular types of low cost keyboards 
available, the elastomeric conductor type, has a ·key 
pressure versus contact resistance characteristic that can 
geneiate continuous noise during· "teasing" or low pres
sure key depressions. The MM5780 defines a series 
contact resistance· up to 50 k.11 as a valid key closure, 
providing an optimum interface to that type of keyboard 
as well as more conventional types. 



Error Conditions 

In the event of an overflow or divide·bY.·zero the 
"Wrong" light will come on and remain on until a 
Clear key is depressed. Normally the indicator lights are 
activated only after depression of the TEST key. 

KEY OPERATIONS 
Clear Key· 

The Clear key clears all registers to zero and places the 
machine in an idle state. 

Number Entries 

First entry clears the entry register and enters the 
number into the least significant digit (LSD) of the 
entry register and extinguishes the indicator lights. 
Second through eighth ·entry shifts the entry register 
left one digit and enters the number into the LSD. The 
ninth and subsequent entries, are ignored and no error 
condition is generated. Because only seven positions 
are allowed to follow the decimal poiht, the eighth and 
subsequent entries after a decimal point entry are ignored. 

Decimal Point 

Depression results in a decimal point entry into the 
entry register. 

Add, Subtract, Multiply or Divide Keys 

First depression after a number entry wi II terminate the 
entry, perform the previously recorded operation, if 
any, and record the function key depressed as the next 
operation to be performed after another number entry. 

Subsequent depressions of any function key, without an 
interceding number or decimal point entry will supersede 
the previous function as the next to be performed. If a 
function key is depressed after an equal key, the result 
of the operation will be re-entered and the function key 
depressed wiil become the next operation to be per· 
formed after a number entry is followed by another 
function key (including ecjual). · 

Equal 

First depression after a number entry will terminate the 
entry, perform the previously recorded operatie>n and 
record the fact that an equal key has been depressed. 
Depression after the add, subtract or divide keys, with· 
out an interceding number or decimal point entry, will 
be ignored. After a multiply key, the number in the 
entry register will be squared. 

Resultant Entries 

Results are entered as number entries after an equal key 
and before the Test key., Results 'are assumed positive 
and a plus key should not be entered prior to the 
resultant._Negative results must be preceded by a minus 
key. 

Test 

The Test key is used to terminate computations and 
to initiate a test of the student's answer versus the 
calcul_ator's answer. If the answers match, the "Right" 
indicator is enabled, otherwise the"Wrong" indicator is 
enabled. If the results are incorrect the problem rriust be 
worked again from the beginning. 

-TABLE I. Ready Signal Description 

CALCULATOR FUNCTION READY SIGNAL 

Idle READY is quiescently at a Logical High Level ("-Vssl. 

Key Entry and Functional Operation When a key is depressed, the bounce·out stability timer is initiated. 
READY remains ~igh until the bounce·out time is completed and the 
key is ente.r~d; at which time it Changes to a Logical Low Level ("vV 00 ). 

Key Release and Return to Idle READY remains low until key release is debounced and the calculator 
returns to the idle state. The low to high tra·nsition signal's the return 
to idle. · 

TABLE II. Indicator Truth Table 

CALCULATOR CONDITION 
ll\IDICATOR .OUTPUT 

i>ir\i 1s PIN't6' 

Test was last key depressed with correct•answer entered·. HIGH LOW 

Test was last key depressed with 'incorrect answer ~ 

entered or the problem has resulted in an error or LOW HIGH •' 

overflow condition. 

Any key other than Test was last depressed and 
LOW LOW. 

calculator is not in· an error or ov~rflow condition. 

Clear was lailt key depressed . L.ow.. LOW 

.The battery supply voltage has fallen below a valid 
' 

operating voltage for the MM578.0. l_nde~ndent of .LOW LOW 
keys depressed. 
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0 
·~ sample problems 
LO 

:?! 
:?! 

I. Simple Addition: 4+5=? 

Key 

c 
c 
4 
+ 
5 

8 
TEST 

4 
+ 
5 

9 
TEST 

II. Missing Factor Addition: 6 + ? = 11 

Ill. 

IV. 

Key 

6 
+ 
5 

11 
TEST 

Subtraction: 

Key 

4 

7 

3 
TEST 

4-7=? 

Multiplication: 7x3=? 

Key 

7 
x 
3 

21 
TEST 

Display 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

WRONG 
NONE 
NONE 
NONE 
NONE 
NONE 

RIG HT 

Display 

NONE 
NONE 
NONE 
NONE 
NONE 

RIGHT 

Display 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

R 1.GHT 

Display 

NONE 
NONE 
NONE 
NONE 
NONE 

~I GHT 

Comments 

Cl ear necessary on power-up 

Answer supplied 
Wrong answer 
Indicator goes out 

Comments 

Indicator goes out 

Missing factor supplied 

Comments 
; 

Indicator goes out 

Negative answer supplied 

Comments 

Indicator goes out 

Answer supplied 



s: 
sample problems (con't) s: 

(J1 
v. Missing Factor Multiplication: 6 x? = 12 -.J 

0) 

Key Display Comments 
0 

6 NONE Indicator goes out 
x NONE 
3 NONE Missing factor supplied 

NONE 
12 NONE 

TEST WRONG Incorrect 
6 NONE Indicator goes out 
x NONE 
2 NONE Missing factor supplied 

NONE 
12 NONE 

TEST RIGHT 

VI. Division: 15 7 3 = ? 

Key Display Comments 

15 NONE Indicator goes out 
NONE 

3 NONE 
NONE 

5 NONE Answer supplied 
TEST RIGHT 

VII. Complex Chain: (6+2-10)x3=? 

Key Display Comments 

6 NONE Indicator goes out 
+ NONE 
2 NONE 

NONE 
10 NONE 
x NONE 
3 NONE 

NONE 
NONE 

6 NONE Negative answer supplied DI TEST RIGHT 



Calculators 

MM5791 seven-function.accumulating memory calculator 

general description 
The single-chip MM5791 calculator was developed using 
a metal-gate, P-chanriel enhancement and depletion mode 
MOS/LSI technology with a primary objective of low 
end-product cost. A complete calcu.lator as shown in 
Figure 1 requires only the MM5791, a keyboard, 
DS8874 digit driver, NSA1198 or NSA1298 LED 
display and a 9V battery. 

Keyboard decoding and key debounce circuitry, all 
clocks and timing generation, power-on clear, display 
turnoff and 7-segment output display decoding are in· 
eluded on-chip and require no external components. 
Segments can usually be driven directly from the 
MM5791, as it typically sources 8.5 mA of peak current. 
The left-most, or 9th digit is used to indicate memory 
in use or the negative sign of an eight digit number. 

Leading zero supression and a floating negative sign 
allows convenient reading of the display and conserves 
power. The DS8874 digit driver is capable of sensing a 
low battery voltage and providing a signal during the 
left-most digit time· that can be used to turn on one of 
the segments as an indicator. Typical current drain of a 
complete calculator displaying five . "5's" is 30 mA. 
Automatic display cutoff after approximately 25 seconds 
is included. 

The Ready output signal is used to indicate calculatar 
status. It is useful in providing synchronization informa-

connection diagram 
Dual-In-Line Package 

24 
NC • Kl 

NC 
23 

K2 

NC 
22 

KJ 

NC 
21 

K4 

ii 20 READY 

CP 
19 

NC 

vDo 
18 

NC 

Sdp 
17 

Sf 

DISPLAY 9 16 
Sb 

RESET 

s, 10 15 
Sg 

s, 11 14 
sd 

12 13 s. Vss 

TDPVIEW 

Order Number MM5791 N 
See Package 22 
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tion during testing and when the MM5791 is used with 
other logic devices. 

Data (D) and Shift (CP) outputs are the only two 
connections required between the MM5791 and the digit 
driver. This reduces the number of pins on both packages 
and the amount of interconnect on the printed circuit 
board. Figure 3 shows the timing relationships between 
the MM5791 and DS8874. 

features 
• Full 8-digit capacity 
• 7-functions (+, -, x, 7, x2 , .JX. %) 

• Convenient algebraic notation 
• Fully protected accumulating memory (M+, M-) 
• Automatic constant independent of memory 

• Floating input/floating output' 
• Power-on clear* 
• On-chip oscillator* 

• Display turnoff after 25 seconds (typical)* 
• Direct 9.0V battery compatibility* 
• . Low system cost 
• Direct segment drive of LED display* 

*Requires no external components. 

keyboard outline· 

Sample Keyboard 



absolute maximum ratings 

Voltage at Any Pin Relative to Vss 
(All Other Pins Connected to V55) 

Ambient Operatirlg Temperature 
Ambient Storage Temperature 

Vss + 0.3V to v55 - 12v 

Lead Temperature (Soldering, 10 seconds) 

0°C to +70°C 

-55°C to +150°C 

300°C 

de electrical characteristics 

PARAMETER CONDITIONS 

Operating Supply Current (1 00 ) Voo = V 55 -9.5V, TA= 25°C 

Keyboard Scan Input Levels 

(K1-K4) 

Logical High Level (V IH) Voo = V55-6.5V, l,H ~-300µA 

Voo = V55 -9.5V, 11H <;-300µA 

Logical Low Level (V 1L) Voo = V 55 -6.5V 

V 00 = V55 -9.SV 

Display Reset Input Levels 

Logical High Level Yoo= VsS -6.5V 

Logical Low Level V 00 = V 55 -9_5V 

Segment Output Current TA= 25°C, 

VouT = V55 -3.6V, V00 = V55 -6.SV 

VouT = V55 --5.0V, V00 = V55 -8.0V 

VouT = Vss -6-5V, V 00 = V55 --9.SV 

Ready Output Yoo = V55 -6.5V 

Logical High Level louT = -250µA 

Logical Low Level louT '""25µA 
-
D and CP Outputs 

Logical High Level V 00 = V55 -·6.5V, VouT = Vss -2.0V 

V 00 = V55 --9.5V, VouT = V5 s -5.0V 

Logical Low Level V 00 = V55 -9.SV, VauT = Voo +0.8V 

ac electrical characteristics 

PARAMETER CONDITIONS 

Word Time (Figure 2) 

Digit Time (Figure 2) 

lnterdigit Blanking Time (Figure 2) 

(Segment Outputs) 

CP and D Trans.ition Times 

High to Low Voo = V5s -6.SV 

Low to High CLOAD = 50 pF 

Ready Transition TimeS 

High to Low Voo - Vss -6.5 

Low to High CLOAD = 50 pF 

Keyboard Scan Inputs 

High to Low 

Low-to-High Transition Time 
CLOAD = 100 pF 

After Key Release. 

Key Bounce-Out .Stability Time 

(The time a keyboard scan input must be con· 

tinuous\y lower than the maximum !ogical low 

level to be accepted as a key closure, or higher than 

the minimum logical high level to be accepted as a 

key release.) 

Display Cutoff Time 

(The time after the last valid key c!osure at which 

the 7 most·significant bits will be blanked.) 

Worst Case Calculation .Time 
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operating voltage range 

6.5V ~ V55- Voo :::_ 9.5V 

MIN TYP MAX UNITS 

8 15 mA 

V 55 -2.5 Vss v 
V55 --4.7 Vss v 

Voo V55-5.5 v 
Voo V5 5-8.0 v 

V55 -1.5 v 
V 00 +1.5 v 

-'5.0 mA 

-10 mA 

-15 mA 

V55-1.0 v 
V55-5.0 v 

-220 µA 

-1100 µA 

100 µA 

MIN TYP MAX UNITS 

0.53 3.3 ms 

D 58 367 µs 

4.0 µs 

5 12 µs 

0.75 1.5 µs 

5 20 µs 

2.0 4.0 µs 

4.0 µs 

6.36 39.6 ms 

25 seconds 

200 word times 



FUNCTIONAL DESCRIPTION 

The MM5791 is a calculator chip which contains four 
data registers: (1) entry, (2) accumulator, (3) working and 
(4) memory, each consisting of 8 digits, sign, and decimal 
point. The entry register is always displayed. It contains 
digit entries from the keyboard, and results of all func
tions except M+ and M-. The accumulator is used in all 
arithmetic functions and stores a copy of the entry 
register on all results. This allows another number to be 
entered without losing an intermediate result. Multiply 
and divide requires three registers to perform the function 
and save the divisor, or multiplier. The working register 
is provided to perform these functions in conjunction 
with the entry and accumulator registers. 

The memory register is used only to store a number to be 
used later. It is fully protected during all operations, and 
is only modified by depressing a "MS," "M+," or "M-" 
key. Power on clears all of the registers including the 
memory register. 

s., So SI S• Sd ,, Sb "' 
Kl 

K2 ~ 
~ 

MM5791 

. ~ ~ 

RElo'I' 
0 CP 

fi CP v" Voo 

OS8814 

D9 DB 07 D6 D5 04 DJ 02 

~ 
' 
~ 

' 
~ ..... ~ ~ 

N>-:- • ~~ ~ :...::.. 

~ ~ N>-~ 
~ r--o: _-,,, t't--._ 
~ Ni.: 

~ 
~ 
~ 

~ ~ 
-"' 
~ _.,, 

~ ~ ...:::.. ~ 
7 . IX 

:..:::.. :...::.. 

The MM5791 performs the "+," "-," "x" and "+" 
functions using algebraic notation. This requires the use 
of a mode register and a terminate flag. The mode 
register directs the machine to the proper function (add, 
subtract, multiply or divide) with each new key entry. 
After the function has been performed, the key entered 
is used to modify the mode register. 

The terminate flag is set on "~"and sometimes on"%" 
and "C." This signifies the end of the problem. The 
MM5791 allows for full floating entries and intermediate 
results. 

If the terminate flag is set, a "+," "-," "x" or "+" key 
signals the beginning of a new problem. The number 
being displayed is copied into the accumulator register 
and the mode register assumes the mode of the key 
entered. The terminate flag is always reset by the "+," 
"-," "x" and "+" keys. 

s. Sb ,, Sd " SI Sg s., 

NSA1298 

01 02 D3 D4 D5 " D7 D6 09 

v,, 

v,. -l 
LV 

9V_ 

+J 
--r 

"ON-OFF" 

01 

FIGURE 1. Complete Calculator Schematic 
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OUTPUT FROM 
DIGIT DRIVER WORD TIME 

ov 
01 

DZ 

03 
-•v 

ov •• -•v 

DECIMAL, POINT 

Sb 

ACTUAL DISPLAY; 

··----------01 

Sf.GMENT 
DESIGNATION 

FIGURE 2. Dispiay Timing 

{--u 
MM5791 D 

CP 

u u 

02~ u u 
03 u u u 
04 u u u---

DS8874 05 u u u-
06 u u Lr 
07 u u L 
os_J u u 
o•IJ u u 

FIGURE 3. Digit Timing 

OPERATION IN THE ADD AND SUBTRACT MODE 

If the terminate flag is set, an "=" key will result in a 
constant add/subtract. The number in the accumulator 
will be added to (or subtracted from) the number being 
displayed. The result is right-justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered, allowing for constant operations. 

If the terminate flag is not set and a number has been 
entered from the keyboard, or memory register, a "+," 
"~," "x"· or "7" key will result in an addition or 
subtraction. The entry register will be added to or sub
tracted from the accumulator and the new running total 
will be displayed in the entry register and copied into 
the accumulator register. The mode will be altered 
according to which key is entered. 

8-99 

If the terminate flag is not set, and a number has not 
been. entered from the keyboard, or memory, a "+," 
"-," "x'" "7" key will only change the mode register 
to the new key entry. 

If the terminate flag is not set, an "=" key will add/ 
subtract the number being displayed to/from the number 
in the accumulator register. The number being displayed 
is transferred to the accumulator, and the result of the 
operation is displayed in the entry register. The terminate 
flag is set, conditioning the calculator for constant, 
add/subtract operation. The number being displayed 
previous to the "=" key is stored in the accumulator as 
the constant. 

s: 
s: 
U1 ..... 
c.o .... 

[I 
I 



Operation of the "%" key in add/subtract mode, with 
the terminate flag reset, will. multiply the accumulator 
by the last entry, divide the. result by 100, and display it 
in the entry register. The mode register remains as it was 
in the add or subtract mode. All of the above is required 
to perform the percent add on or discount problems. 
Depression of an "=" key after the ,;%" key will either 
tax or discount the original number as a function of the 
mode register and the last entry. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag set, will shift the decimal point of the 
number being displayed two places to the left and copy 
it into the accumulator register. The mode is set to 
multiply and the terminate flag remains set. 

OPERATION IN THE MULTIPLY MODE 

If the terminate flag is set, an "=" key will result in a 
constant multiply operation. The number being displayed 
is multiplied by the constant stored iri the accumulator 
register. The result is ,displayed in the entry register and 
the accumulator and mode registers are not· altered, 
allowing for constant operation. Repeated depressions 
of the "=" key can be used to raise a number to an 
integer power, i.e., "C," "C," "5.2," "x," "=," "=," 
"=," computes 5.24 • 

The constant in multiplication, as well as in addition, 
subtraction and division is the last number entered. For 
the sequence: "C," "C," "3," "+," "4,'' "x," "2," "=" 
the constant multiplier for future problems is 2. 

If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the display will be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. The number 
previously in the entry register is stored in the accumu
lator register and the terminate flag is set. 

If the terminate flag is not set, and a number has been· 
entered from the· keyboard or memory register, a "+," 
"-," "x" or "+" key will result in a multiplication. The 
number being displayed will be multiplied by the num· 
ber residing in the accumulator register. The result will 
be copied into the accumulator and displayed in the 
entry register. The mode register is up-dated as a func-
tion of the key depressed. · 

Operation of the "%" key while in multiply mode looks 
exactly the same as an "=" key except the decimal 
point of the display is shifted two positions to the left 

· before the multiplication takes place. 

Ol'ERATION IN THE DIVIDE MODE 

If the terminate flag is set, an "=" key will resul.t in 
constant divide operation. The number being displayed 
is divided by the constant stored in the accumulator 
register. The accumulator and mode re·gisters are not 
altered allowing for constant operations.· Repeated de
pressions of the "=" key will result in repeated divisions 
by the constant. Thus, it is possible to raise a number to 
a negative integer power using the sequence: "C," "C," 
"1," "+,""No.,""=," "=,"etc. 

If the terminate flag is not set, an "'=" key will'signal 
the end of a problem. The number in the accumulator 
register will be divided by the number being displayed. 
The result is transferred to the entry register .and dis· 

played. The terminate flag is set and the divisor is stored 
in the accumulator register. 

If t!'ie terminate flag is not set, a '.'+," "-," "x" or "+" 
key will result in a division. The number in the accumu
lator register will be divided by the number being 
displayed. The results are displayed in the entry register, 
and a copy of the result is stored in the accumulator. 
The mode register is modified to reflect the la.test key 
entry. 

Operation of the "%" key while in divide mode looks 
exactly the same ·as the "=" key except the decimal 
point· of the display is shifted two positions to the left 
before division takes place. 

ERROR CONDITIONS 

If any of the operations mentioned above generates a 
number larger than 9999 9999, an error will occur. An 
error is indicated by displaying the eight most significant 
digits and sign with all nine decimal points. The first 
depression of the "C" key will cle<ir the error condition, 
and all registers except the memory register. 

It is not possible to generate an. error during number entry. 
The ninth and subsequent digits entered are ignored. 

DISPLAY TURNOFF AND LEADING ZERO 
SUPPRESSION 

In order to conserve battery power, the MM5791 blanks 
leading zeros and turns off all but the least significant 
digit, decimal point and sign after 25 seconds (typical) 

. of no activity. Once the display turns off, any key 
depression will turn it back on and perform the function 
indicated. Two depressions of the "CS" key will turn 
on the display with no change to the machine. If Reset 
Display is hard-wired to V00 , the display will never 
turn off. 

POWER-ON CONDITION 

The MM5791 has an internal power-on clear cir.cuit 
which clears all registers to zero, places the mode to add 
and sets the terminate flag. A zero and decimal point 
are displayed. 

KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5791 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the key inputs, Kl, K2, K3 or K4 is forced more 
negative than the Logical Low Level specified in the 
electrical specifications. An internal counter is started 
as a result of the closure. The key operation begins after. 
eleven word times if the Key Input is still at a Logical Low 
Level. As long as the key is held down (and the Key 
Input remains low) no further entry is allowed. When 
the Key Input changes to a Logical High Level, the 
internal counter starts an eleven word timeout for key 
release. During both, entry and release timeouts, the 
Key Inputs are sampled every word time for valid levels. 
If they are found invalid, the counter is reset and the 

,,calculator resumes scanning the keyboard. 



READY SIGNAL OPERATIONS 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state, the output is at a Logical 
High Level (near V55 ). When a key is closed, the internal· 
key entry timer is started. Ready remains high until the 
timeout is completed and the key entry is accepted as 
valid, then goes low as indicated in Figures 5 and 6. 
It remains at a Logical Low Level until the function 
initiated by the key is completed and the key is released. 
The low to high transition indicates the calculator has 
returned to an idle state and a new key can be entered. 

TEST FEATURES 

Several features have been designed into the MM5791 
to facilitate testing. One is to allow the key debounce 
timing to be modified, and the second performs a 
"segment test" function which turns on all segments for 
all digit times, with no interdigit blanking. The key 
bounce time can be reduced from eleven word times to 
one if a key closure is made between 09 and K2. 
Similarly the "Segment Test" occurs when a key closure 
is made between 09 and K3. Closures for test operations 
are not debounced, and also may occur simultaneously 
with normal key closures if diodes are used to isolate 
the 0-Lines from each other. The test features are active 
for every word time the Test switch closure is main
tained. These test matrix entries are isolated internally 
from the normal calculator keys, allowing simultaneous 
entry of ''test" keys and "calculator" keys. 

FUNCTION OF KEYS 

Some of the keys operate differently when in the data 
or number entry condition. The MM5791 switches to 
entry .condition when entering numbers and leaves this 
condition after most function keys. The following para
graphs discuss each of the keys on a full keyboard and 
the action taken when they are depressed. The earlier 
paragraphs which discussed the action of"+,""~," "x," 

"7" and "%" keys and the examples given in later 
sections will aid in further explaining these actions. 

Clear Key, "CE/C" 

While in the number entry condition, one depression 
will clear the entry register to zero and recall the 
accumulator for display. The machine then leaves the 
number entry state. 

If the error. condition is displayed, one depression will 
clear the error, and all registers except the memory 
register. The machine could not be in the number entry 
condition with the error flag set. 

If the error flag is not set and the machine is not in the 
number entry condition, one depression of "CE/C" key 
will clear the entry and accumulator registers. It also 
places the machine in the add mode and sets the termi
nate flag. The memory register remains unchanged. 

Number Keys 0-9 

If not in the number entry condition, a number key will 
clear the display and then enter the value of the key 
into the LSD. The digits are displayed as they are entered 
and the machine assumes the number entry condition. 

If in the number entry co..dition, the entry register is 
shifted left one position and the key depressed is entered 
into the LSD. If there is a number in the most significant 
digit position (9th) the entry register is then shifted 
right one position and the entry is lost. 

Square Root Key, "y" 

The square root key extracts the square root of the 
absolute value of the number being displayed in the 
entry register. 

09~ ELEV~~:l~~~;~~SSIVE t_r-

; 

1-----;. I r--
1NPl.ir HINE . ~ 

READY ~ I\ 
(KEY ENTRY) --1 r-:= lpt1 - t ,_1_-------

(KEY RE~~:~E~ ___y--
Tpd"' !iµs {TYPICAL) t ~ 101;LT + l¢, t"" • 5µs !typ) 

FIGURE 5. Ready Timing 
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The mode of the calculator remains unchanged. This 
enables square root operations in the middle of chain 
calculations. For example: 

KEY DISPLAY KEY DISPLAY KEY DISPLAY 

A A A A 11 11 

v VA x A + 11. 

+ VA B B 5 5 

B B v yB 16_ 

v yB AyB v 4. 

- VA+vB 6 6. 

11 

9 9 

v 3. 

8-

Square 

Depression of the "Square" key copies the number being 
displayed into the accumulator register, and performs a 
multiplication. On completion of the square operation, 
the results are displayed in the entry register, the original 
number is stored in the accumulator and the mode of the 
calculator is unchanged. Entering a number to start .a 
new entry will first clear the entry register. 

Memory Plus Key, "M+" 

When the "M+" key is depressed, the number being 
displayed is added to the contents of the memory and 
the results, providing there is no overflow, are placed in 
the memory. The calculator will be out of the data 
entry mode. 

If an overflow occurs, the contents of the memory are 
not altered. The display shows the eight most significant 
digits and sign of the results with all nine decimal points. 

Memory Minus Key, "M-" 

This key operates like the "M+" key only the displayed 
number is subtracted from memory. 

Plus, Minus, Multiply and.Divide Keys,"+,""-," "x," "7" 

These keys terminate a number entry, complete the 
operation designated by the mode register and update 
the mode register for the next operation. A more detailed 
explanation of these keys is found in the description 
of modes. 

Equal Key, "=" 

This key terminates a number entry, complete the 
operation designated by the mode register and sets the 
terminate flag. 

Percent Key, "%" 

Following a clear-all operation or a number entry 
proceeded by a clear all operation, this key shifts the 
decimal point of the number being displayed two places 
to the left, copies it into the accumulating register and 
establishes the multiply mode. 
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While in multiply or divide mode, this key shifts the 
displayed decimal point two places to the left, completes 
the multiplication or division and sets the terminate flag. 

In add or subtract mode, this key shifts the displayed 
decimal point two places to the left, multiplies the 
display times the accumulating register, places the pro
duct in the entry register and leaves the accumulator 
register and mode register undisturbed. This permits 
automatic calculation of net by depression of the "=" 
key. The terminate flag is not altered. 

SAMPLE PROBLEMS 

1. Simple addition or subtraction 

KEYS DISPLAY COMMENTS 

c 0 
3 3 Start addition pro· 

bl em 
+ 3. Sets add mode 
2 2 
+ 5. Completes addition, 

sets add mode 
5. Sets subtraction 

mode 
4.355 4.3 5 5 

0:6 4 5 Completes su btrac-
tion. Sets mode ter-
minal 

+ 0.6 4 5 Sets mode term i na I. 
Sets add mode, resets 

3.25 3.2 5 Starts Digit Entry 
cs -3.2 5 Changes Sign 
4 -3.2 5 4 Continues Digit Entry 
+ -2.6 0 9 Completes signed 

addition, sets add 
mode 

1 
-1.6 09 Completes signed 

addition, sets term in-
ate mode 

2. Constant -addition or subtraction (second factor 
const~nt) 

KEYS DISPLAY COMMENTS 

3 3 
3. Sets subtract mode 

2 2 
+ 1. Completes su btrac-

tion, sets Add mode 
6 6 

7. Completes addition, 
saves (6) as constant, 
sets terminate mode 

.5 .5 
6.5 Completes constant 

addition constai:it=6 
7 7 

7. Sets subtraction 
mode, resets termin-
ate mode 



2. Constant addition or subtraction (second factor 
constant) (continued) 

KEYS DISPLAY 

3 3 
4. 

8 8 
EX 3. 

-5. 

9 9 
1. 

3. Simple multiplication 

KEYS DISPLAY 

3.1 3.1 

x 3:1 
6 6 

1 8.6 

4 .. Chain multiplication 

KEYS DISPLAY 

3 3 
+ 3 
4 4 
x 7. 

6 6 
42. 

2 2 
40. 

5. Constant multiplication 

KEYS 

3 
x 
4 

DISPLAY 

3 
3. 
4 

1 2. 

COMMENTS 

Com pl et es su btrac-
tion, sets terminate 
mode, saves 3 as a 
constant 

Exchanges entry, and 
constant 
Completes subtrac-
tion constant = .8 

Completes subtrac· 
tion constant = 8 

COMMENTS 

Start multiplication 
problem 
Sets multiply mode 

Completes multipli-
cation, sets terminate 
mode 

COMMENTS 

Sets add mode 

Completes addition, 
sets multiply mode 

Completes multipli-
cation, sets subtract 
mode 

Completes subtrac· 
tion, sets terminate 
mode, saves 2 as 
constant 

COMMENTS 

Sets multiply mode 

Completes multipli
cation, saves '4' as 
constant, sets termin
ation mode 
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5. Constant multiplication (continued) 

KEYS DISPLAY 

6 

3 

4.5 
x 

8 
cs 

·EX 

cs 
3 

3 
x 

+ 

x 

6. Simple division 

KEYS 

6 
24. 

3 
3. 

4.5 
-1.5 

8 
-8 

1 2. 

-8. 

8. 
3 

36. 

43 2. 

3 
3. 

3. 

3. 
3. 
9. 

DISPLAY 

4 4 
4. 

3 3 
cs -3 

-1.3 3 3 3 3 3 3 

7. Chain division 

•KEYS DISPLAY 

3 3 
3. 

8 8 
+ 0.3 7 5 
2 2 
x 2;3 7 5 
3.1 3.1 

COMMENTS 

Completes constant 
multiplication, 
constant= 4 

Sets subtract mode, 
resets termination 

Completes subtrac-
tion, sets multiply 
mode 

Changes sign 
Completes multipli· 
cation '-8' as con· 
stant, sets termina-
tion mode 
Exchanges entry 
register, and constant 

Completes constant 
multiplication 
constant = 12 
Completes constant 
multiplication 
constant = 12 
Sets multiply mode, 
resets termination 
mode 
Sets add mode. 
Second function key 
only modifies mode 
Sets subtract mode 
Sets multiply mode 
Completes multipli· 
cation. Sets termina-
tion mode 

COMMENTS 

COMMENTS 

Ell 
I 



'I'"" en 
"" 7. Chain division (continued) 10. Percent in multiplication and division (continued) 
If) 

:? KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS 
:? 

7.3 6 2 5 500 500 
6 6 500. 

1.2 2 7 0 8 3 3 4 4 
% 1250 0. 

8. Constant division 11. Memory operations 

KEYS DISPLAY COMMENTS· 
KEYS DISPLAY COMMENTS 

6 6 
6. 6 6 

2 2 M+ 6. Memory indicator 
3. is activated 

1.5 3 3 
15 1 5 + 3. 

1 5. 2 2 
2 2 M- 2. 
x 1 3. 5. 
8.3 8.3 MR 4. 

1 0 7.9 3.678 3.6 7 8 
3 3 cs -3.6 7 8 
cs -3 M+ -3.6 7 8 
EX 1 07.9 x -3.6 7 8 

-.o 2 7 80 3 5 2 5 5 
EX 1 0 7.9 M- 5. 
cs -1 0 7.9 -18.39 
EX -.o 2 7 8 0 3 5 2 MR -4.6 7 8 
608.7 6 0 8.7 5 5 

-5.6 4 1334 5 MS 5. 
3 3 
x 3. 

9. Add on and discount problems 4 4 
x 1 2. 

KEYS DISPLAY COMMENTS MR 5. 
60. 

695.99 69 5.9 9 0 0 
6 9 5.9 9 MS 0. Memory indicator 

20 20 turned off when 

% 1 3 9.1 9 8 contents equal zero 
5 56.7 9 2 

+ 556.792 12. Square root problems 
6 6 
% 3 3.4 0 7 52 KEYS DISPLAY COMMENTS 

590.19952 
17.95 17.95 3 3 

17.95 v' 1.7 3 2 0 5 0 8 
15 1 5 + 1.7 3 20 50 8 
% 2.6 9 2 5 4 4 
+ 1 5.2 5 7 5 v' 2. 
6 6 3.7 3 2 0 5 0 8 
% 0.9 1 54 5 7 7 

1 6.1 7 2 9 5 + 7. 
8 8 

1 5. 

10. Percent in multiplication and division v' 3.8 7 2 9 8 3 3 

KEYS DISPLAY COMMENTS 13, Square problems 

308 308 KEYS DISPLAY COMMENTS 
x 308. 
5 5 72 72 
% 1 5.4 x2 51 84. 
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Calculators 

MM5794 seven-function, accumulating memory, 
vacuum fluorescent display calculator 

general description 
The single-chip MM5794 offers a seven-function, 
accumulating memory MOS/LSI calculator device 
capable of directly driving 8-digit vacuum-fluorescent 
displays. A complete calculator as shown in Figure 1 
requires only the MM5794, a keyboard, vacuum 
fluorescent display and an appropriate power. supply. 

Keyboard decoding and key. debounce circuitry, all 
clocks and timing generation, power-on clear and 7-
segment output display decoding are included on-chip 
and require no external components. Segments and 
digits can be driven directly from the MM5794. The 
left-most, or 9th digit is used to indicate memory in use 
or the negative sign of an eightdigit number. 

Leading zero suppression and a floating negative sign 
· allow convenient reading of the display and conserves 

power. Typical current drain of a complete calculator 
displaying five "5's" is 30 mA. 

connection diagram 

Dual·ln-Line Package 

DIGIT4 
24 

DIGIT 3 

DIGIT 5 23 DIGIT 2 

DIGIT 6 22 VGG 

DIGIT7 21 Kl 

DIGITS 20 K2 

DIGIT 9 
19 

KJ 

DIGIT 1 
18 

K4 

Voe 
17 

SEGMENT F 

SEGMENT D.P. 16 SEG.MENT B 

SEGMENT C lD 15 SEGMENT G 

SEGMENT A 11 14 SEGMENT D 

Vss 
12 

lJ SEGMENT E 

TDPVIEW 

Order Number MM5794N 
See Package 22 

features 
• Full 8-digit capacity 

• 7-functions (+, -, x, 7, x2 , Jx. %) 

• Convenient algebraic notation 

• Fully protected accumulating memory (M+, M-) 

• Automatic constant independent of memory 

• Floating decimal input and output format 

• Power·on clear* 

• On-chip oscillator* 

• Low system cost 

• Direct segment and digit drive of fluorescent displays 

• Memory in-use indicator 

*Requires no external components. 

keyboard outline 

Typical Keyboard 

GJGGG00 
08080 
CJOQJBB 
DOOGJQ 
EJGDCJO 
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absolute maximum ratings 
Voltage at Any Pin Relative to 

operating conditions 
6.5:::; V55 - V00 :::; 9.8V 

V55 Except VGG (All Other Vss -VGG :::;32v 
Pins Connected to V55 ) V55 + 0.3V to V55 -12V 

Voltage at V GG Relative 
to V55 V55 + 0.3V to Vss -35V 

Ambient Operating Temperature 0°C to +70°C 
Ambient Storage Temperature -55°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

de electrical characteristics 

PARAMETER CONDITIONS MIN TYP 

Operating Supply Current 

loo V 00 = V58 -9.5V, TA= 25°C 8 

IGG VGG = Vss -32V 500 

Keyboard Scan Input Levels 

(K1-K4) 

Logical High Level (V 1H) Vss-7.0 

Logical Low Level (V 1L) VGG 

Source Current, (Segments) TA= 25°C 

loH VouT = Vss -4V, Voo = Vss -6.5V 

loL VouT = Vss -35V 

Digit Outputs 

Logical High Level VGG = V88 -32V, VouT = Vss - 5.0V 

VGG = V55 - 25V, VouT = V55 - 5.0V 

Logical Low Level Voo = Vss - 9.5V, VouT = VGG = Vss - 35V 

ac electrical characteristics 

PARAMETER CONDITIONS MIN TYP 

Word Time (Figure 2) 0.53 

Digit Time (Figure 2) 58 

lnterdigit Blanking Time (Figure 21 14.5 20 

(Segment and Digit Outputs) 

Digit Transition. Tl mes j""'""''"' w ',, High to Low V 00 = V55 -6.5V 20 

Low to High CLOAD = 100 pF 

Ready Transition Times 

High to Low Voo = Vss -6.5 5 

Low to High CLOAD = 50 pF 2.0 

Keyboard Scan Inputs Transition Times 

r···,~-" High to Low (After Key Release) CLOAD = 50 pF 

Low to High (After Key Release) CLOAD = 100 pF 

Key Bounce-Out Stability Time 6.36 

(The time a keyboard scan input must be con-

tinuol:'sly lower than the maximum logical low 

level to be accepted as a key closure, or higher than 

the minimum logical high level to be accepted as a 

key release.) 

Worst Case Calculation Time 
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' 
MAX UNITS 

15 mA 

µA 

Vss v 
V85 -22 v 

-0.6 mA 

10 µA 

-3.5 mA 

-2.2 mA 

10 µA 

MAX UNITS 

3.3 ms 

367 µs 

µs 

µs 

4 µs 

20 µs 

4.0 µs 

100 µs 

4 µs 

39.6 ms 

200 word times 



FUNCTIONAL DESCRIPTION 

The MM5794 is a calculator chip which contains four 
data registers: (1) entry, (2) accumulator, (3) working and 
(4) memory, each consisting of 8 digits, sign, ahd decimal 
point. The entry register is always displayed. It contains 
digit entries from the keyboard, and results of all func· 
tions except M+ and M-. The accumulator is used in all 
arithmetic functions and stores a copy of the entry 
register on all results. This allows another number to be 
entered without losing an intermediate result. Multiply 
and divide require three registers to perform the function 

and save the divisor, or multiplier. The working register 
is provided to perform these functions in conjuncfain 
with the entry and accumulator ~egisters. 

The memory register is used only to store a number to be 
used later. It is fully protected during all operations, and 
is only modified by depressing a "MS," "M+," or "M-" 
key. Power on clears all of the registers including the 
memory register. 

BXZODk 

~ 

.- I 'M-
..1 [ 

r.S~op-S~A~S~e~S~c~So'-+SE~S~f~S~G--, 

10Dk .....,.. 

·yy 

100k 

10:i!. ..... 
100k . 

'Ill' 

10Dk 

·""' 

.------------....;;,"';.-1VGG SG Sf Se So Sc Se SA Sop 

.----------~o,-i~ MM5794 Voot--i 

7 

..... 

~ 

~ 

EX~ 
..... ...... 

..... 

Vssh 
09 08 07 06 05 04 03 DZ 01 

l 
cH 
Et~ FLUORESCENT DISPLAY 

ott 02 DJ 04 os 06 01 oa D9 

J 

~gyr--- + 
""OFF/ON"' ~Et 

~o--1 c:;~::R ... l _i __ v:_· =_6_v ____ _. 

VGG;;, v55 - izv• 
~T =r-1ov 

Voo = Vss -6.5V TO Vss ~ 9.5V' 

*vss - Voo must be as specified in this data sheet 16.5-9.5) but. Vss - VGG• Et and Vz are determined by the fluorescent display specifications. 

t 01 "is the right-most display digit, also see Figure 2. 

FIGURE 1. Complete Calculator Schematic 



The MM5794 performs the "+," "-," "x" and "7" 
functions using algebraic notation. This requires the use 
of a mode register arid a terminate flag. The mode 
register directs the machine to the proper function (add, 
subtract, multiply or divide) with each new key entry. 
After the function· has been performed, the key entered 
is used to m<;>dify the mode register. 

The terminate flag is set on "=" and sometimes on "%" 
and "C/CE." This signifies the end of the problem. 
The MM5794 allows for full floating entries and results. 

If the terminate flag is set, a "+," "-,'' "x" or"+" key 
signals the beginning of a new problem. The number 
being displayed is copied into the accumulator register 
and the mode register assumes the mode of the key 
entered. The terminate flag is always reset by the "+," 
"-," "x" and "7" keys. 

t--------------WDRD TIME--------------~~1; 
Vss -5 -------

Vss-35 - -
DIGIT2 

DIGIT 3 

DIGIT4 

DIGITS 

DIGIT 6 

DIGIT 1 

DIGIT9 

DIGIT 1 

DIGIT 2 

DIGIT 3 

DIGIT4 

DIGIT 5 

DIGIT 6 

DIGIT7 

DIGIT B 

DIGIT 9 

-----------Vss-4 
"+~~-+~~_,,__~~+-~~-1-~~-+~~-+~~~,__~~~~Vss-35 

ACTUAL DISPLAY: 

D9-----------------01 

F IGU R~ 2. Display Timing 

8-108 

SEGMENT 
DESIGNATION 

a 

1LT/b 
•l ,,~ SEG 

d D.P. 



OPERATION IN THE ADD AND SUBTRACT MODE 

If the terminate flag is set, an "=" key will result in a 
constant add/subtract. The number in the accumulator 
will be added to (or subtracted from) the number being 
displayed. The result is right-justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered, allowing for constant operations. 

If the terminate flag is not set and a 'number has been 
entered from the keyboard, or memory register, a "+," 
"-," "x" or "+" key will result in an addition .or 
subtraction. The entry register will be added to or sub
tracted from the accumulator and the new running total 
will be displayed in the entry register and copied into 
the accumulator register. The mode will be altered 
according to which key'is entered. 

If the terminate flag is not set, and a number has not 
been entered from the keyboard, or memory. a "+," 
"-," "x" "+" key will only change the mode register 
to the new key entry. 

If the terminate flag is not set, an "=" key will add/ 
subtract the number being displayed to/from the number 
in the accumulator register. The number being displayed 
is transferred to the accumulator, and the result of the 
operation is displayed in the entry register. The termiriate 
flag is set, conditioning the calculator for constant, 
add/subtract operation. The number being displayed 
previous to the "=" key is stored in the accumulator as 
the constant. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag reset, will multiply the accumulator 
by the last entry, divide the result by 100, and. display it 
in the entry register. The mode register remains as it was 
in the add or subtract mode. All of the above is required 
to perform the percent add on or discount problems. 
Depression of an "=" key after the "%" key will either 
tax or discount the original number as a function of the 
mode register and the last entry. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag set, will shift the decimal point of the 
number being displayed two places to the left and copy 
it .into the accumulator register. The mode is set to 
multiply and the terminate flag remains set. 

OPERATION IN THE MULTIPLY MODE 

If the terminate flag is set, an "=" key will result in a 
constant multiply operation. The number being displayed 
is multiplied by the constant stored in the accumulator 
register. The result is displayed in the entry register and 
the accumulator and mode registers are not altered, 
allowing for constant operation. Repeated depressions 

. of the "=" key can be used to raise a number to an 
integer power i e "C/CE " "C/CE " "5 2 " "x " "= " 
"=," "=;· com~u~e; 5.24 . ' ' . ' ' ' 

The constant in multiplication, as well as in addition, 
subtraction and division is the last number entered. For 
the sequence: "C/CE," "C/CE," "3," "+," "4," "x," "2," 
"="the constant multiplier for future problems is 2. 

If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the display will be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. The number 
previously in the entry register is stored in the accumu
lator register and the terminate flag is set. 

If the terminate flag is not set. and a number. has been 
entered from the keyboard or memory register, a "+," 
"-," "x" or "+" key will result in a multiplication. The 
number being displayed will be multiplied by the .num
ber residing in the accumulator register. The result will 
be copied into the accumulator and displayed in the 
entry register. The mode register is up-dated as a func
tion of the key depressed. 

Operation of the "%" key while in multiply mode 1.ooks 
exactly the same as an "=" key except the decimal 
point of the display is shifted two positions to the left 
before the multiplication takes place. 

OPERATION IN THE DIVIDE MODE 

If the terminate flag is set, an "=" key will result in 
constant divide operation. The number being displayed 
is divided by the constant stored .in the accumulator 
register. The accumulator and mode registers are not 
altered allowing for constant operations. Repeated de
pressions of the "=" key will result in repeated divisions 
by the constant. Thus, it is possible to raise a number to 
a negative integer power using the sequence: "C/CE," 
''C/CE," "1," "+,""No.,""=,""=," etc. 

If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the accumulator 
register will be divided by the number being displayed. 
The result is transferred to the entry register and dis
played. The terminate flag is set and the divisor is stored 
in the accu.mulator register. 

If the terminate flag is not set, a "+," "-," "x" or"+" 
·key will result in a division. The number in the accumu
lator register will be divided by the number being 
displayed. The results are displayed in the entry register, 
and a copy of the result is stored in the accumulator. 
The mode register ls modified to reflect the latest key 
entry. 

Operation of the "%" key while in divide mode looks 
exactly the same as the "=" key except the decimal 
point of the display is shifted two positions to the left 
before division takes. place. 
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ERROR CONDITIONS 

If any of the operations mentioned above generates a 
number larger than 9999 9999, an error will occur. An 
error is indicated by displaying the eight most significant 
digits and sign with all nine decimal points. The first 
depression of the "C/CE" key will clear the error cdndi
tion, and all registers except the memory register. 



It is not possible to generate an error during number entry. 
The ninth and subsequent digits entered are ignored. 

POWER-ON CONDITION 

The MM5794 has an internal power-on clear circuit 
which clears all registers to zero, places the mode to add 
and sets the terminate flag. A zero and decimal point 
are displayed. 

KEYBOARD BOUNCE AND NOISE REJECTION 

The MM5794 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the key inputs, K1, K2, K3 or K4 is forced more 
positive than the Logical High Level specified in the 
electrical specifications. An internal counter is started 
as a result of the closure. The key operation begins after 
eleven word times if the Key Input is still at a Logical 
High Level. As long as the key is held down (and the 
Key Input remains high) no further entry is allowed. 
When the Key Input changes to a Logical Low Level, the 
internal counter starts an eleven word timeout for key 
release. During both, entry and release timeouts, the 
Key Inputs are sampled every word. time for valid levels. 
If they are found invalid, the counter is reset and the 
calculator resumes scanning the keyboard .. 

TEST FEATURES 

Several features have been designed into the MM5794 
to facilitate testing. One is to allow the key debounce 
timing to be modified, and the second performs a 
"segment test" function which turns on all segments for 
all digit times, with no interdigit blanking. The key 
bounce time can be reduced from eleven word times to 
one if a key closure is made between 09 and K2. 
"Segment Test" occurs when K3 is connected to D9. 
Closures for test operations are not debounced, and also 
may occur simultaneously with normal key closures if 
diodes are used to isolate the D-Lines from each other. 
The test features are active for every word time the 
Test switch closure is maintained. These test matrix 
entries are isolated internally from the normal calculator 
keys, allowing simultaneous entry of "test" keys and 
"calculator" keys, except for K3 keys during "Segment 
Test." 

FUNCTION OF KEYS 

Some of the keys operate differently when in the data 
or .number entry condition. The MM5794 switches to 
entry condition when entering numbers and leaves this· 
condition after most function keys. T.he following para
graphs discuss each of the keys on a full keyboard and 
the action taken when they are depressed. The earlier 
paragraphs which discussed the action of"+,""-," "x," 

"7" and "%" keys and the examples given in later 
sections will aid in further explaining these actions. 

Clear Key, "CE/C" 

While in the number entry condition, one depression 
will clear the entry register to zero and recal 1. the 
accumulator for display. The machine then leaves the 
number entry state. 
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If the error condition is displayed, one depression will 
clear the. error, and all registers except the memory 
register. The machine could not be in the number entry 
condition with the error flag set. 

. If the error flag is not set and the machine is not in the 
number entry condition, one depression of "CE/C" key 
will clear the entry and accumulator registers. It also 
places the machine in the add mode and sets the termi
nate flag. The ·memory register remain.s unchanged. 

Number Keys 0-9 

If not in the number entry condition, a number key will 
clear the display and then enter the value of the key 
into the LSD. The digits are displayed as they are entered 
and the machine assumes the number entry condition. 

If in the number entry condition, the entry register is 
shifted left one position and the key depressed is entered 
into the LSD. If there is a number in the most significant 
digit position (9th) the entry register is then shifted 
right one position and the entry is lost. 

Square Root Key, "V" 
The square root key extracts the square root of the 
absolute value cit the number being· displayed in the 
entry register. 

The mode of the calculator remains unchanged. This 
enables square root operations in the mid die of chain 
calculations. For example: 

KEY DISPLAY KEY DISPLAY KEY DISPLAY 

A A A A 11 11 

v v'A x A + 11. 

+ v'A B B 5 5 

B B v vs 16_ 

v y'B AVB v 4. 

~ y'A+y'B 6 6. 

11 

9 9 

v 3. 

8. 

Square Key, "X2" 

Depression of the "Square" key copies the number being 
displayed into the accumulator register, and performs a 
multiplication. On completion of the square operation, 
the results are displayed in the entry register, the original 
number is stored in the accumulator and the mode of the 
calculator is ·unchanged. Entering a number to start a 
new entry will first clear the entry register. 

Memory Save Key, "MS" 

The "MS" key transfers the number being displayed to 
the memory register. The display remains unaltered. 

Memory Recall Key, "MR" 

The "MR" key recalls the number being stored in the 
memory register and displays it in the entry register. 
This number can then be used as a new number entry. 



Memory Store Key, "MS" 

The "MS" key transfers the number being displayed in 
the entry register to the memory register. The arithmetic 
status of the calculator is not changed. 

Memory Plus Key, "M+" 

When ·the "M+" key is depressed, the number being 
displayed is added to the contents of the memory and 
the results, providing there is no overflow, are placed in 
the memory. The calculator will be out of the data 
entry mode. 

If an overflow occurs, the contents of the memory are 
not altered. The display shows the eight most significant 
digits and sign of the results with all nine decimal points. 

Memory Minus Key, "M-" 

This key operates like the "M+" key only the displayed 
number is subtracted from memory. 

Plus, Minus, Multiply and Divide Keys,"+,""-," "x," "7" 

These keys terminate a number entry, complete the 
operation designated by the mode register and update 
the mode register for the next operation. A more detailed 
explanation of these keys is found in the description 
of modes. 

Equal Key, "=" 

This key terminates a number,, entry. complete the 
operation designated by the mode register and sets the 
terminate flag. 

Percent Key, "%" 

Following a clear-all operation or a number entry 
proceeded by a clear all operation, this key shifts the 
decimal point of the number being displayed two places 
to the left, copies it into the accumulating register and 
establishes the multiply mode. 

While in multiply or divide mode, this key shifts the 
displayed decimal point two places to the left, completes 
the multiplication or division and sets the terminate flag. 

In add or subtract mode, this key shifts the displayed 
decimal point two places to the left, multiplies the 
display times the accumulating register, places the pro
duct in the entry register and leaves the accumulator 
register and mode register undisturbed. This permits 
automatic calculation of net by depression of the ''=" 
key. The terminate flag is not altered. 

SAMPLE PROBLEMS 

1. Simple addition or subtraction 

KEYS 
C/CE 
3 

DISPLAY 
0 
3 

COMMENTS 

Start addition pro· 
blem 
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1. Simple addition or subtraction (continued) 

KEYS DISPLAY COMMENTS 
+ 3. Sets add mode 
2 2 
+ 5. Completes addition, 

resets add mode 
5. Sets subtraction 

mode 
4.355 4.3 5 5 

0.6 4 5 Completes subtrac· 
tion. Sets terminate 
mode. 

+ 0.6 4 5 Sets add mode 

3.25 3.2 5 Starts Digit Entry 
cs -3.2 5 Changes Sign 
4 -3.2 54 Continues Digit Entry 
+ ~2.6 0 9 Completes signed 

addition, sets add 
mode 

-1.6 0 9 Completes signed 
addition, sets termin-
ate mode 

2. Constant addition or subtraction (second factor 
constant) 

KEYS 
3 

2 
+ 

6 

.5 

7 

3 

8 
EX 

9 

DISPLAY 
3 
3. 
2 
1. 

6 
7. 

.5 
6.5 

7 
7. 

3 
4. 

8 
3. 

-5. ,, 
9 
1. 

3. Simple multiplication 

KEYS 
3.1 

DISPLAY 
3.1 

COMMENTS 

Sets.subtract mode 

Completes su btrac-
tion, sets add mode 

Completes addition, 
saves (6) as constant, 
sets terminate mode 

Completes .constant 
addition constant=6 

Sets subtraction 
mode, resets termin-
ate mode 

Completes subtrac· 
tion, sets terminate 
mode, saves 3 as a 
constant 

Exchanges entry, and 
constant 
Completes subtrac-
tion constant = .8 

Completes subtrac-
tion constant = 8 

COMMENTS 
Start multiplication 
problem 

~ 
~ 
U1 
-.J 
(0 
~ 

a 



3. Simple multiplication (continued) 

KEYS 

x 
6 

DISPLAY 

3.1 
6 

COMMENTS 

Sets multiply mode 

1 8.6 Completes multipli-
cation, sets terminate 
mode 

4. Chain multiplication 

KEYS DISPLAY COMMENTS 

3 -3 

+ 3 Sets add mode 
4 4 
x 7. Completes addition, 

sets multiply mode 
6 6 

4 2. Completes multipli-
cation, sets subtract 
mode 

2 2 
4 0. Completes subtrac-

tion, sets terminate 
mode, saves 2 as 
constant 

5. Constant multiplication 

KEYS 

3 
x 
4 

6 

3 

4.5 
x 

8 
cs 

EX 

cs 
3 

DISPLAY 

3 
3. 
4 

1 2. 

6 
2 4. 

3 
3. 

4.5 
-1.5 

8 
-8 

1 2. 

-8. 

8. 
3 

COMMENTS 

Sets multiply mode 

Completes multipli
cation, saves '4' as 
constant, sets termin
ation mode 

Completes constant 
multiplication, 
constant= 4 

Sets subtract mode, 
resets termination 

Completes subtrac
tion, sets multiply 
mode 

Changes sign 
Completes multipli-

. cation '-8' as con
stant, sets termina
tion mode 
Exchanges entry 
register, and constant 

3 6. Completes constant 
multiplication 
constant = 12 
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5. Constant multiplicatio.n (continued) 

KEYS 

3 
x. 

+ 

x 

DISPLAY 

4 3 2. 

3 
3. 

3, 

3. 
3. 
9. 

6. Simple division 

KEYS DISPLAY 

4 4 
4. 

3 3 
cs -3 

-1.3 3 3 3 3 3 3 

7. Chain division 

KEYS DISPLAY 

3 3 
3. 

8 8 
+ 0.3 7 5 
2 2 
x 2.3 7 5 
3.1 3.1 

7.3 6 2 5 
6 6 

1.2270833 

8. Constant division 

KEYS DISPLAY 

6 6 
6. 

2 2 
3. 

1.5 
15 1 5 

15. 
2 2 
x 1 3. 
8.3 8.3 

107.9 
3 3 
cs -3 
EX 107.9 

COMMENTS 

Completes constant 
multiplication 
constant = 12 
Sets multiply mode, 
resets termination 
mode 
Sets add mode. 
Second function key 
only modifies mode 
Sets subtract mode 
Sets multiply mode 
Coi:npletes multipli
cation. Sets termina
tion mode 

COMMENTS 

COMMENTS 

COMMENTS 



s:: 
8. Constant division (continued) 11. Memory operations (continued) s:: 

U1 
KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS ...... 

c.o 
~ -.o 2 7 80 3 5 2 3 3 

EX 107.9 + 3. 
cs -1 0 7 .9 2 2 
EX -.o 2 7 8 0 3 5 2 M- 2. 
608.7 6 0 8.7 5. 

-5.6 4 133 4 5 MR 4. 
3.678 3.6 7 8 
cs -3.6 7 8 
M+ -3.6 7 8 

9. Add on and discount problems x '--3.6 7 8 
5 5 

KEYS DISPLAY COMMENTS M- 5. 
-1 8.3 9 

695.99 6 9 5.9 9 MR -4.6 7 8 
6 9 5.9 9 5 5 

20 20 MS 5. 
% 1 3 9.1 9 8 3 3 

5 5 6.7 9 2 x 3. 
+ 556.792 4 4 
6 6 x 1 2. 
% 3 3.4 0 7 5 2 MR 5. 

5 9 0.1 9.9 5 2 6 0. 
17.95 1 7.9 5 0 0 

1 7.9 5 MS 0. Memory indicator 
15 1 5 turned off when 
% 2.6 9 2 5 contents equal zero 
+ 1 5.2 5 7 5 
6 6 
% 0.9 1 54 5 

16.17295 
12. Square root problems 

KEYS DISPLAY COMMENTS 
10. Percent in multiplication and division 

KEYS DISPLAY COMMENTS 3 3 v 1.7 3 2 0 5 0 8 

308 30 8 + 1.7 3 2 0 5 0 8 

x 30 8. 4 4 

5 5 v 2. 

DI % 1 5.4 3.7 3 2 0 5 0 8 

500 500 7 7 

50 0. + 7. 

4 4 8 8 

% 1 2 5 0 0. 1 5. v 3.8 7 2 9 8 3 3 

11. Memory operations 
13. Square problems 

KEYS DISPLAY COMMENTS 
KEYS DISPLAY COMMENTS 

6 6 
M+ 6. Memory indicator 72 7 2 

is activated in x2 5184. 
left·most digit 
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Calculators 

MM5795 seven-function, accumulating memory, 
vacuum fluorescent display calculator circuit 

general description 
The single-chip MM5795 offers a seven-function, 
accumulating memory MOS/LSI calculator device 
capable of directly driving 8-digit vacuum-fluorescent 
displays. A complete calculator as shown in Figure 1 
requires only the MM5795, a keyboard, vacuum 
fluorescent display and an appropriate power supply. 

Keyboard decoding and key debounce circuitry, all 
clocks and timing generation, power-on clear and 7-
segment output display decoding are included on-chip 
and require no external components. Segments and 
digits can be driven directly from the MM5795. The 
left-most, or 9th digit is used to indicate memory in use 
or the negative sign of an eight digit number. 

Leading zero suppression and a floating negative sign 
allow convenient reading of the display and conserves 
power. Typical current drain of a complete calculator 
displaying five "5's" is 30 mA. 

connection diagram 

Dual-In-Line Package 

24 
DIGIT 4 DIGIT 3 

DIGIT 5 13 DIGIT 2 

DIGIT 6 22 VGG 

DIGIT 7 21 Kl 

DIGIT 8 
20 

K2 

DIGIT 9 
19 

K3 

DIGIT 1 
18 

K4 

Voo 
17 

SEGMENT F 

SEGMENT D.P. lB SEGMENT 8 

SEGMENT C TO 15 SEGMENT G 

SEGMENT A ll 14 SEGMENT D 

Vss 
12 13 SEGMENT E 

TOP VIEW 

Order Number MM5795N 
See Package 22 

features 
• Full 8-digit capacity 

• ?-functions (+, -, x, 7, x2 , vfx, %) 

• Convenient algebraic notation 

• Fully protected accumulating memory (M+, M-) 

• Automatic constant independent of memory 

• Floating decimal input and output format 

• Power-on clear* 

• On-chip oscillator* 

• Low system cost 

• Direct segment and digit drive of fluorescent displays 

• Memory in-use indicator 

*Requires no external components. 

keyboard outline 

Typical Keyboard 

r 
""" GGGG00 

00800 
GJCJGJGB 
00[J[JQ 
EJuDDO 

./ 
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absolute maximum ratings 
Voltage at Any Pin Relative to 

operating conditions 
6.5 S V55 -V00 S 9.BV 

V ss Except V GG (All. Othet Vss -VGG 532V 
Pins Connected to V 55 ) V 55 + 0.3V to V55 -12V 

Voltage at V GG Relative 

to V55 Vss + 0.3V to V55 - 35V 

Ambient Operating Temperature 0°C to +70°C 

Ambient Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

de electrical characteristics 

PARAMETER 

Operating Supply Current 

loo 

IGG 

Keyboard Scan Input Levels 

(K1-K4) 

Logical High Level (V 1H) 

Logical Low Level (VIL) 

CONDITIONS 

Voe= Vss -9.5V, TA= :/5°C 

VGG = Vss ,-32V 

TA= 25°C Source Current, (Segments) 

loH 

loL 

VouT = V85 -4V, V00 = Vss - 6.5V 

VouT = Vss - ~5V 

Digit Outputs 

ac 

Logical High ~evel VGG = Vss - 32V, VouT = Vss - 5.0V 

VGG = Vss -25V, VouT = Vss - 5.0V 

Logical Low Level Vo 0 =V55 -9,5V, VouT =V00 =V55 - 35V 

electrical characteristics 

PARAMETER CONDITIONS 

Word Time (Figure 2) 

Digit Tim~ (Figure 2) 

lnterdigit Blanking Time (Figure 2) 

(Segment and Digit Outputs) 

Digit Tr,ansition Times !"'" '•"=• ~ v ., 
High to Low Voo - Vss -6.5V 

Low to High CLOAD = 100 pF 

Ready Transition Times 

High to Low Voo = Vss -ti.5 

.Low to High CLOAD = 50 pf 

Keyboard Scan Inputs Transition Times roo·V~-" High to Low (After Key Release) CLOAD = 50 pF 

Low-to·High, (After Key Closure) CLOAD = 100 pF 

' Key Bounce-Out Stability Ti;,,e 

(The time a keyboard scan input must be con-

tinuously lower than the maximum logical low 

level to be accepted as a key closure. or higher than 

the minimum logical high level to be accepted as a 

key release.) 

Worst Case Calculation Time 
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MIN 

MIN 

0.53 

58 

14.5 

6.36 

TVP 

20 

20 

5 

2.0 

TVP 

8 
500 

MAX 

15 

Vss 
V55 -22 

-0.6 

10 

-3.5 

-2.2 

10 

MAX 

3.3 

367 

4 

20 

4.0 

100 

4 

39.6 

200 

UNITS 

mA 

µA 

V· 

v 

mA 

µA 

mA 

mA 

µA 

UNITS 

ms 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

ms 

word times 

Bii 



FUNCTIONAL DESCRIPTION 

The MM5795 is a calculator chip which contains four 
data registers: (1) entry, (2) accumulator, (3) working and 
(4) memory, each consistin'g of 8 digits, sign, and decimal 
point. The entry register is always displayed. It contains 
digit entries from the keyboard, and results of all func· 
tions except M+ and M-. The accumulator is used in all 
arithmetic functions and stores a copy of the entry 
register on all results. This allows another number to be 
entered without losing an intermediate result. Multiply 
and divide require three registers to perform the function 

and save the divisor, or multiplier. The working register 
is provided to perform these functions in conjunction 
with the entry and accumulator registers. 

The memory register is used only to store a number to be 
used later. It is fully protected during all operations, and 
is only modified by depressing an "MC," "M+," or "M-" 
key. Power on clears all of the registers inc'luding the 
memory register. 

ax 2ook 
.;A, .. 

...... I 
~.Ii 

..1 J_ I.II 

IOOk 
V\h-

1DDk 

1DDk 

UlOk 
-1\r 

·vv 

r------------....,.,K,...1 VGG SG SF SE So Sc Sa SA Sop 

.----------~K"'-12 Voo~ 
K3 MM5795 

,----!!!, Vssh 
09 08 07 06 05 04 03 02 01 

I 

VGG 2 Vss - 32v· 
Von~ Vss- 6.5V TD Vss - 9.SV 

0- Sop SA Sa. Sc So SE Sr SG 

Et HUO~ESCENT DISPLAY 
0-

D1t 02 03 04 05 06 07 08 09 

J 

*vss - Voo must be as specified in this data sheet (6.5-9.5) but Vss - VGG· Et and Vz are determined by the fluorescent display specifications. 

t 01 is the right-most display digit, also see Figure 2. 

FIGURE 1. Complete Calculator Schematic 
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The MM5795 performs the "+," "-," "x" and "-7" 

functions using algebraic notation. This requires the use 
of a mode register and a terminate flag. The mode 
register directs the machine to the proper function (add, 
subtract, multiply .or divide) with each new key entry. 
After the function has been performed, the key entered 
is used to modify the mode register. 

The terminate flag is set .on "=" and sometimes on "%" 
and "C/CE." This signifies the end of the problem. 
The MM5795 allows for full floating entries and results. 

If the terminate flag is set, a "+," "-.'' "x" or ".;." key 
signals the beginning of a new problem. The number 
being displayed is copied into the accumulator register 
and the mode register assumes the mode of the key 
entered. The terminate flag is always reset by the "+," 
"-," "x" and "-7" keys. 

;-~------------WORD TIME -----'----------l-..,_DIGIT 
TIME 

Vss -5 -------

Vss.- 35 - -

DIGff.2 

DIG IT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

DIGIT 9 

SEGMENT D.P. 
-----+-----! 

SEGMENT C 

SEGMENT D 

SEGMENT E 
---..---+-----! 

SEGMENT F 

SEGMENT G 

ACTUAL DISPLAY: 

DIGIT 1 

DIGIT 2 

DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 

DIGIT 7 

DIGIT 8 

----- -----' Vss -4 

'"+---t-----+-----t---t----+---_..,i-----+---..----vss-Js 

SEGMENT 
DESIGNATION 

a 

1/Tb 
os--~~------~--0.1 

'l ,, • SEG 
d D.P. 

FIGURE 2. Display Timing 
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OPERATION IN THE ADD AND SUBTRACT MODE 

If the terminate flag is set, an "=" key will result in a 
constant add/subtract. The number in the accumulator 
will be added to (or subtracted from) the number being 
displayed. The result is right-justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered, allowing for constant operations. 

If the terminate flag is not set and a number has been 
entered from the keyboard, or memory register, a "+," 
"-," "x" or "-7" key will result in an addition or 
subtraction. The entry register will be added to or sub
tracted from the accumulator and the new running total 
will be displayed in the entry register and copied irito 
the accumulator register. The mode will be altered 
according to which key is entered. 

If the terminate flag is not set, and a number has not 
been entered from the keyboard, or memory, a "+," 
"-," "x" "-7" key will only change the mode register 
to the new key 'entry. 

If the terminate flag is not set, an "=" key will add/ 
subtract the number being displayed to/from the number 
in the accumulator register. The number being displayed 
is transferred to the accumulator, and the result of the 
operation is displayed in the entry register. Th.e terminate 
flag is set, conditioning the calculator. for constant, 
add/subtract operation. The number being displayed 
previous to the "=" key is stored in the accumulator as 
the constant. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag reset, will multiply the accumulato~ 
by the last entry, divide t~esult by 100, and display it 
in the entry register. The 1.'pde register remains as it was 
in the add or subtract mode. All of the above is required 
to perform the percent add on or discount problems. 
Depression of an. "=" key after the "%" key will either 
tax or discount the original number as a function of the 
mode register and the last entry. 

Operation of the "%" key in add/subtract mode, with 
the terminate flag set, will shift the decimal point of the 
number being displayed two places to the left and copy 
it into the accumulator register. The mode is set to 
multiply and the terminate flag remains set. 

OPERATION IN THE MULTIPLY MODE 

If the terminate flag is set, an "=" key will result in a 
constant multiply operation. The number being displayed 
is multiplied by the constant stored in the accumulator 
register. The result is displayed in the entry register and 
the accumulator and mode registers are not altered, 
allowing for con.stant operation. Repeated depressions 
of the "=" key can be used to raise a number to an 
integer power, i.e., "C/CE," ''C/CE," "5.2," "x," "=," 
"=," "=;·computes 5.24 . 

The constant in multiplication, as well as in addition, 
subtraction and division is the last number entered. For 
the sequence: "C/CE," "C/CE," "3," "7," '.'4," "x," "2," 
"="the constant multiplier for future problems is 2. 
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If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the display wi.11 be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. The number 
previously in the entry register is stored in the accumu
lator register and the termiriate flag is set. 

· If the terminate flag is not set, and a number has been 
entered from the keyboard or memory register, a "+," 
"-," "x" or "-7" key will result in a multiplication. The 
number being displayed will be multiplied by the num· 
ber residing in the accumulator register. The result will 
be copied into the accumulator and displayed in the 
entry register. The mode register is up-dated as a func
tion of the k eY depressed. 

Operation of the "%" key while in multiply mode looks 
exactly the same as an "=" key except the decimal 
point of the display is shifted two positions to the left 
before the multiplication takes place. 

OPERATION IN THE DIVIDE MODE 

If the terminate flag is set, an "c" key will result in 
constant divide operation. The number being displayed 
is divided by the constant stored in the accumulator 
register. The accumulator and mode registers are not 
altered allowing for constant operations. Repeated de
pressions of the "=" key will result in repeated divisions 
by the constant. Thus, it is possible to raise a number to 
a negative integer power using the sequence: "C/CE," 
"C/CE," "1," ,;_,,_, .. "No.,""=,""=," etc. 

If the terminate flag is not set, an "=" key will signal 
the end of a problem. The number in the accumulator 
register will be divided by the number being displayed. 
The result is transferred to the entry register and dis· 
played. The terminate flag is set and the divisor is stored 
in the accumulator register. 

If 'the terminate flag is not set, a "+," "-," "x" or "7" 

key will result in a division. The number in the accumu
lator register will be divided by the number being 
displayed. The results are displayed in the entry register, 
and a copy of the result is stored in the accumulator. 
The mode register is modified to reflect the latest key 
entry. 

Operation of the "%" key while in divide mode looks 
exactly the same as the "=" key except the decimal 
point of the display is shifted two positions to the left 
before division takes place. 

ERROR CONDITIONS 

If any of the operations mentioned above generates a 
number larger than 9999 9999, an error will occur. An 
e\ror is indicated by displaying the eight most significant 
digits and sign with all nine decimal points. The first 
depression of the "C/CE" key will clear the error condi· 
tion, and all registers except the memory register. 



It is not possible to generate an error during number entry. 
The ninth and subsequent digits entered are ignored. 

POWER-ON CONDITION 

The MM5795 has an internal power-on clear circuit 
which clears all registers to zero, places the mode to add 
and sets the terminate flag. A zero and decimal point 
are displayed. 

KEYBOARD BOUNCE AND NOISE. REJECTION 

The MM5795 is designed to interface with most low cost 
keyboards, which are often the least desirable from a 
false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the key inputs, K1, K2, K3 or K4 is forced more 
positive than the Logical High Level specified in the 
electrical specifications. An internal counter is started 
as a result of the closure. The key operation begins after 
eleven word times if the Key Input is still at a Logical 
High Level. As long as the key is held down (and the 
Key Input remains high) no further entry is allowed. 
When the Key Input changes to a Logical Low Level, the 
internal counter starts an eleven word timeout for key 
release. During both, entry and release timeouts, the 
Key Inputs are sampled every word time for valid levels. 
If they are found invalid, the counter is reset and the 
calculator resumes scanning the keyboard. 

TEST FEATURES 

Several features have been designed into the MM5795 
to facilitate testing. One is to allow the key debounce 
timing to be modified, a~d the second performs a 
"segment test" function which turns on all segments for 
all digit times, with no interdigit blanking. The key 
bounce time can be reduced from eleven word times to 
one if a key closure is made between D9 and K2. 
"Segment Test" occurs when K3 is connected to D9. 
Closures for test operations are not debounced, and also 
may occur simultaneously with normal key closures if 
diodes are used to isolate the D-Lines from each other. 
The test features are active for every word time the 
Test switch closure is maintained. These test matrix 
entries are isolated internally from the normal calculator 
keys, allowing simultaneous entry of "test" keys and 
"calculator" keys, except for K3 keys during "Segment 
Test." 

FUNCTION OF KEYS 

Some of the keys operate differently when in the data 
or number entry condition. The MM5795 switches to 
entry condition when entering numbers and leaves this 
condition after most function keys. The foll.owing para
graphs discuss each of the keys on a full keyboard and 
the action taken when they are depressed. The earlier 
paragraphs which discussed the action of"+,""-," "x," 

"-;." and "%" keys and the examples given in later 
sections will aid in further explaining these actions. 

Clear Key, "CE/C" 

While in the number entry condition, one depression 
will clear the entry register to zero and recall the 
accumulator for display. The machine then leaves the 
number entry state. 
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If the error condition is displayed, one depression will 
clear the error, and all registers except the memory 
register. The machine could not be in the number entry 
condition with the error flag set. 

If the error flag is not set and the m<!chine is not in the 
number entry condition, one depression of "CE/C" key 
will clear the entry and accumulator registers. It al·so 
places the machine in the add mode and sets the termi
nate flag. The memory register remains unchanged. 

Number Keys 0-9 

If not in the number entry condition, a number key will 
clear the display and then enter the value of the key 
into the LSD. The digits are displayed as they are entered 
and the machine assumes the number entry condition. 

If in the number entry condition, the entry register is 
shifted left one position and the key depressed is entered 
into the LSD. If there is a number in the most significant 
digit position (9th) the entry register is then shifted 
right one position ,and the entry is lost. 

Square Root Key, "v" 
The square root key extracts the square root of the 
absolute value of the number being displayed in the 
entry register. 

The mode of the calculator remains unchanged. This 
enables square root operations in the middle of chain 
calculations. For example: 

KEY DISPLAY KEY DISPLAY KEY DISPLAY 

A A A A 11 11 

v VA x A + 11. 

+ VA B B 5 5 

B B v Vs 16. 

v Vs AVs v 4. 

= v'A+.JB 6 6. 

11 

9 9 

v 3. 

8. 

Square Key, "X2" 

Depression of the "Square" key copies the number being 
displayed into the accumulator register, and performs a 
multiplication. On completion of the square operation, 
the results are displayed in the entry register, the original 
number is stored in the accumulator and the mode of the 
calculator is unchanged. Entering a number to start a 
new entry will first clear the entry register. 

Memory Recall Key, "MR" 

The "MR" key recalls the number being stored in the 
memory register and displays it in the entry register. 
This number can then be used as a new number entry. 



Memory· Clear Key, "MC" 

The "MC" key clears the memory register. The status of 
the calculator remains unchanged. 

Memory Plus Key, "M+" 

When the "M+" key is depressed, the number being 
displayed is added to the contents of the memory and 
the results, providing there is no overflow, are placed in 
the memory. The cal cu lat or wi II be out of the data 
entry mode. 

If an overflow occurs, the contents of the memory are 
not altered. The display shows the. eight most significant 
digits and sign of the results with all nine decimal points. 

Memory Minus Key, "M-" 

This key operates like the ''M+~· key only the displayed 
number is subtracted from memory. 

Plus, Minus, Multiply and Divide Keys,"+,""-," "x," "+" 

These keys terminate a number entry, com_plete the 
operation designated by the mode .register and update 
the mode register for the next operation. A more detailed 
,explanation of these keys is found in the description 
of modes. 

Equal Key, "=" 

This key terminates a number entry, complete the 
operation designated by the mode register and sets the 
terminate flag. 

Percent Key, "%" 

Following a clear-all operation or a number entry 
proceeded by a clear all operation, this key shifts the 
decimal point of the number being displayed two places 
to the left, copies it into the accumulating register and 
establishes the multiply mode. 

While In multiply or divide mode, this key shifts the 
displayed decimal point two places to the left, completes 
the multiplication or division and sets the terminate flag. 

In add or subtract mode, this key shifts the displayed 
decimal point two places to the left, multiplies the 
display times the accumulating register, .places the pro
duct in the· entry register and leaves the accumulator 
register and mode register undisturbed. This permits 
automatic calculation of net by depression of the "=" 

·key. The terminate flag is not altered. 

SAMPLE PROBLEMS 

1. Simple addition or subtract.ion 

KEYS 
C/CE 
3 

DISPLAY COMMENTS 
0 
3 · Start addition pro

blem 

1. Simple addition or subtraction (continued) 

KEYS 
+ 
2 
+ 

4 .. 355 

+ 

3.25 
cs 
4 
+ 

DISPLAY 
3. 
2 
5. 

COMMENTS 
Sets. add mode 

Completes addition, 
sets add mode 

5. Resets addition 

4.3 5 5 
0.64 5 

0.64 5 

3.25 
-3.2 5 

-3.2 54 
~2.6 0 9 

1 
-1.6 0 9 

mode, sets sub
traction mode 

Completes subtrac
tion. Sets terminate 
mode. 
Sets add mode 

Starts Digit Entry 
Changes Sign 
Continues Digit Entry 

·Completes signed 
addition, sets add 
mode 

Completes signed 
addition, sets termin
ate mode 

2. Constant addition or subtraction {second factor 
constant) 

KEYS 
3 

2 
+ 

6 

.5 

7 

3 

8 
EX 

9 

DISPLAY 
3 

3. 
2 
1. 

6 
7. 

.5 
6.5 

3 
4. 

8 
3. 

-5. 

9 

7 
7. 

COMMENTS 

Sets subtract mode 

Completes subtrac
tion, sets add mode 

Completes addition, 
saves (6) as constant, 
sets terminate mode 

Completes addition 
constant=6 

Sets subtraction 
mode, resets termin
ate mode 

Completes subtrac
tion, sets terminate 
mode, saves ·3 as a 
constant 

Exchanges entry, and 
constant 
Completes sµbtrac
tion constant = 8 

1. Completes subtrac
tion constant = 8 

3. Simple multiplication 

KEYS 
,3.1 

DISPLAY 
3.1 

COMMENTS 
Start multiplication 
problem 
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s: 
3. Simple multiplication (continued) 5. Constant multiplication (continued) s: 

U1 
KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS ..... 

(0 
U1 x 3.1 Sets multiply mode 4 3 2. Completes ccmstant 

6 6 multiplication 
1 8.6 Completes multipli-

3 3 constant = 12 
cation, sets terminate x 3. Sets multiply mode, 
mode resets termination 

mode 

+ 3. Sets add mode. 

4. Chain multiplication 
Second function key 
only modifies mode 

3. Sets subtract mode 
KEYS DISPLAY COMMENTS x 3. Sets multiply mode 

9. Completes multipli-
3 3 cation. Sets termina-
+ 3 Sets add mode tion mode 
4 4 
x 7. Completes addition, 

sets multiply mode 
6 6 

6. Simple division 
4 2. Completes multi pl i-

cation, sets subtract 
KEYS DISPLAY COMMENTS mode 

2 2 
4 4 0. Completes subtrac- 4 

4. tibn, sets terminate 
3 3 mode, saves 2 as cs -3 

constant 
-1.3 3 3 3 3 3 3 

5. Constant multiplication 7. Chain division 

KEYS DISPLAY COMMENTS KEYS DISPLAY COMMENTS 

3 3 3 3 
x 3. Sets multiply mode 3. 
4 4 8 8 

1 2. Completes multi pl i- + 0.3 7 5 
cation, saves '4' as 2 2 
constant, sets termin- x 2.3 7 5 

ation mode 3.1 3.1 

D 6 6 7.3 6 2 5 

24. Completes constant 6 6 

multiplication, 1.2 2 7 0 8 3 3 
constant= 4 

3 3 
3. Sets subtract mode, 

8. Constant division resets termination 
4.5 4.5 

DISPLAY COMMENTS x -1.5 Completes subtrac- KEYS 

tion, sets multiply 
mode 6 6 

8 8 6. 
cs -8 Changes sign 2 2 

1 2. Completes multipli- 3. 
cation '-8' as con- 1.5 
stant, sets termina- 15 1 5 
tion mode 1 5. 

EX -8_ Exchanges entry 2 2 
register, and constant x 1 3. 

cs 8. 8.3 8.3 
3 3 1 0 7.9 

3 6. ' Completes constant 3 3 
multiplication cs -3 
constant = 12 EX 1 0 7.9 
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LO 
en 
""' LO 
:E 
:E 

8. Constant division (continued) 

KEYS DISPLAY COMMENTS 

-.o 2 7 8 0 3 5 2 
EX 1 0 7.9 
cs -1 0 7.9 
EX -.o 2 7 8 0 3 5 2 
608.7 . 6 0 8.7 

-5.6 4 1 3 3 4 5 

9. Add on and discount problems 

KEYS DISPLAY COMMENTS 

695.99 6 9 5.9 9 
6 9 5.9 9 

20 20 
% 1 3 9.1 9 8 

5 5 6.7 9 2 
+ 556.792 
6 6 
% 3 3.4 0 7 5 2 

590.1 9952 
17.95 1 7.9 5 

1 7.9 5 
15 1 5 
% 2.6 9 2 5 
+ 1 5.2 5 7 5 
6 6 
% 0.9 1 5 4 5 

16.17295 

10. Percent in multiplication and division 

KEYS DISPLAY COMMENTS 

308 308 
x 30 8. 
5 5 
% 1 5.4 
500 500 

500. 
4 4 
% 1250 0. 

11. Memory operations 

KEYS 

6 
M+ 

DISPLAY COMMENTS 

6 
6. Memory indicator 

is activated in 
left-most digit 

11. Memory operations (continued) 

KEYS DISPLAY 

3 3 
+ 3. 
2 2 
M- 2. 

5. 
MR 4. 
3.678 3.6 7 8 
cs -3.6 7 8 
M+ -3.6 7 8 
x -3.6 7 8 
5 5 
M- 5. 

-1 8.3 9 
MR ~4.6 7 8 
5 5 
MC 5. 

3 3 
x 3. 
4 4 
x 1 2. 
MR o. 

0. 

12. Square root problems 

KEYS DISPLAY 

3 3 
v 1.7320508 
+ 1.7320508 
4 4 
v 2. 

3.7 3 2 0 5 0 8 
7 7 
+ 7. 
8 8 

1 5. v 3.8 7 2 9 8 3 3 

13. Square problems 

KEYS 

72 
x2 

DISPLAY 

7 2 
5 1 8 4. 

COMMENTS 

Memory indicator 
turned off when 
contents equal zero 

COMMENTS 

COMMENTS 



MM57103 scientific calculator circuit 

general description 
The MM57103 is a powerful one-chip scientific 
calculator device designed to provide the features and 
functions most desired by professionals. An 8·digit 
mantissa plus sign with a 2-digit exponent plus sign is 
featured." A 36-position keyboard (such as that illustrated 
below) was designed for convenience. Algebraic logic,. 
combined with a fully accumulating 8-function memory 
in addition to two levels of parentheses are features 
most asked for in professional scientific calculators. 
With a simple pin connection, the MM57103 offers 
RPN logic with a 4-level stack in addition to the 
8-function memory. 

features 
• Enters and displays ±9.9999999 x 1099 to ± 1. x 

10-99 

• Left justified entry with trailing zero suppression 

sample keyboards 
Algebraic 

SIN-1 cos-1 TAN-1 ~DEG 

GJGBEJB 
,x 10x x2 P~R 

GJB00B 
GCJB00-

X-M CM SCI FLT M+ 

GGGJEJO 
MX 

DDDCJ 
M-

· CJD DD 
M+ 

DODO 
CA CF 

DDGO 

Calculators 

• Selectable Reverse Polish. Notation (RPN) or Alge-
braic notation with 2 levels of parentheses 

• Arithmetic functions: +, -, X, +, 1 /X, ,,/X, x2 

• Constant operations in algebraic mode 

• Power function: yx 

• Logarithmic functions: LN X, LOG X, ex, 1ox 

• Trigonometric functions: SIN, COS, TAN, SIN-1, 
cos-1,TAN-1 

• Full-function, addressable memory 

• 4-register working stack with ROLL capability (RPN) 
or EQUAL with 2 levels of parentheses (algebraic) 

• TI, change sign, clear, clear-all and exchange 

• Auto power-on clear 

• Degree/radian conversion 

• Rectangular/polar conversion 

• Two output modes: floating or scientific 

RPN 

SIN-1 cos-1 TAN-1 ~DEG 

OGGEJB 
eX 1ox P~R 

0B00B 
008000 

X-M CM SCI Fl T M+ 

GGGJGO 
MX 

DDDCJ 
M-

D DD D 
M+ 

CJ CJ CJD 



M 
0 .... ,.,.. 
It) 

:? 
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absolute maximum ratings 
Voltage at Any Pin Relative to Vss 

(All Other Pins Connected to Vss) 

Ambient Operating Temperature 

Ambient Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Vss +0.3V to Vss -12v 

0°C to +70°C 

-55°C to ·+125°C 

300°C 

de electrical characteristics 0°C ~TA<;'. +70°C, 7.9V <;'. Vss - Voo <;'. 9.5V unless otherwise stated 

PARAMETER CONDITIONS MIN TYP MAX 

Oi:ierating Voltage (Vss - Voo) 7.9 9.5 

Operating Supply Current (loo) Vss - Voo = 9.5V, TA= 25°C, 12 18 

(Excluding Outputs) 

Osc. Input Voltage Levels 

Logic High Level (V1H) Vss- Voo = 7.9V Vss-1.0 

Logic Low Level (V1L) Vss - Voo = 9.sv Voo+1.s 

Osc. Input Resistance To Vss 3 

K1-K4 (For Keyboard) 

Input Voltage Levels 

Logic High Level (VI H) Vss - Voo = 7.9v vss-3.2 Vss 

Vss - Voo = 9.sv vss-4.5 Vss 
Logic Low Level (Vt L) Voo+l.5 

K 1-K4 Input Current Levels (Through Keyboard) 

Input High Level (ltH) V1H = Vss - 3.2V -350 

003 Input Voltage Levels 

Logic High Level (V1H) 7.9v <;:: Vss - Voo <;:: 9.5v Vss-3.5 

Logic Low Level (V.1 L) Vss - Voo = 7.9v Voo+2.5 

Vss - Voo = 9.sv Voo+3.o 

SI and Sync Input Voltage Levels 

Logic High Level (Vt H) Vss - Voo = 7.9V Vss-1.2 

Logic Low Level (VtL) vss - voo = 1.sv vss-4.0 

001, 002, .D04 Output Voltage 

Levels (Encoded Digit) 

Logic High Level (VOH) RL = 150 k.11 Vss-1.0 Vss 
Logic Low Level (VOL) IOL = 3µA Voo Voo+o.s 

Logic High Level C~rrent (IOH) Vss - Voo = 7.9v 

VoH = Voo + 1.5V -260 

003 Output Voltage Levels 

Logic High Level (VoH) RL = 150 k.11 Vss-1.0 Vss 
Logic Low Level (VOL) loL=3µA Voo Voo+0.5 
Logic High Level Current (IOH) · Battery Low "OFF", from DS8664 

VoH = Voo +3V 

Vss - Voo = 9.sv -1.3 -0.3 

VQH = Voo + 2.5V 

vss - voo = 7.9v -1.0 -0.4 

Battery Low "ON", from DS8664 

VoH=Vss-3V 

Vss - Voo = 7.9V -0.3 

VoH=Vss-3V 

vss - Voo = 9.5V -0.4 

Sa-Sg and Sp Output Current Levels 

Logic High Level Current (IOH) VoH = Voo + 3V -20 -10 -5 

UNITS 
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mA 

v 

v 
k.11 

v 

v 
v 

µA 

v 
v 
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v 
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µA 
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mA 

mA 

mA 

mA 



de electrical characteristics !Continued) 

PARAMETER CONDITIONS MIN TYP MAX 

Sync Output Voltage Levels (With Load and Driver to VDD) 

Vss- VDD = 7.9V 

Logic tligtJ Level (VoHl IOH = -100µA Vss-o.5 Vss 

Logic Low Level (VoLl IOL = 15µA voD VDD+3.7 

F 1, F2, F3 Output Voltage Levels 

Logic High Level (VoHl loH = -30µA vss-1.5 

Logic Low Level (VoLl loL = 3µA VDD+1.o 

BLK Output Voltage Levels 

Logic High Level (VoHl loH = -0.5mA Vss-1.5 

Logic Low Level (Voll IOL = 5µA, VDD+1.o 

Keyboard Key Resistance (RKEY) 

(INB, K1-K4, F1-F3) LED Display Interface 200 

ac electrical characteristics 0°C STAS +70°C, 7.9V S Vss - VDD S 9.5V unless otherwise stated 

PARAMETER CONDITIONS MIN TYP MAX 

Osc. Input Frequency 320 400 

Osc. Duty Cycle (Figure 2) 46 56 66 

Osc. Input 

Rise Time (tr) CL= 25 pF, RL = 6 kQ 350 

Fall Time (tf) RC= 0.15 µs 50 

K1-K4, 003 

Input Timing 

tSK U5 

tLK 1.0 

BLK Output Timing 
-

tpdBLK CLQAO = 50 pF 4.4 

trb CLOAO S20pF 0.3 

F 1, F2, F3 Output Timing CLO AD = 100 pF 4.4 

tpdf 

Sync Output Timing \ 

Interval (ts. Bit Time) (For On-Chip Oscillator) 8.8 30 

tpdsL CL= 250 pF 0.1 1.65 -
tpdsH 0.1 1.25 

tHS 0.1 0.8 

001, D02, 003, 004 Output CL= 100 pF (001-004) 

Timing CL= 250 pF (SO) 

lpd 0.5 4.0 

Sa-Sg. Sp O!Jtput Timing (tpdSEG) 6.0 

lnterdigit Blanking Time (T1) 7.5 

UNITS 
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functional description 
REGISTER CONFIGURATION 

The user has access to 5 registers designated X, Y; Z, T. 
and M. X is the display and entry register and the bot· 
tom of an "operational" stack that ·includes Y, Zand T. 
M is an independent user·addressable memory register 
'that can be stored, recalled, added, multiplied, subtracted 
or divided with X. In the algebraic mode, Z and T are 
used as parenthesis registers. 

All registers contain 8 mantissa digits with sign and 2 
exponent digits with sign. 

DISPLAY CONFIGURATION 

The X-register is always displayed and shown as 8 digits 
of mantissa with sign and 2 digits of exponent wrth sign. 
Numbers are entered left justified with trailing zeros 
suppressed. 

DISPLAY FORMAT 

Floating point display output format is "F", "· ". If X 
is greater than 99999999. or Jess than .1, the display is 
in scientific notation. 

By pressing "F", "EE" all results are displayed in 
scientific notation. 

READY SIGNAL OPERATION 

Output Fl of the MM57103 can be used as a "ready 
signal" to indicate calculator status. It can be useful 
in providing synchronization information during testing 
and if used with other logic. 

TABLE I. Results and Operations Resulting in an Error Indication 

R\!sults > 9.9999999 X 1099 
Results< 1 x 10-99 

Di·vision by 0 

LOG, LN <O 
TAN, SIN, COS> 9000° 

TAN 90°, 270°, etc. 
SIN-1, Cos-1>1or::;10-50 

vfx <O 
More than two open parentheses without 
a close 

More close parentheses than open 

When the calculator is in the "idle state" and ready to 
accept a key, Fl is high (near Vssl. It remains high 
until a key is depressed and accepted, then goes low. It 

. goes low until the calculator is complete then goes high 
again to indicate that a new key may be entered. 

KEYBOUNCE AND.NOISE REJECTION 

When a key is depressed, a time-out is started. A key is 
accepted as valid if it remains depressed for approxi· 
mately 12 ms. The key must be released for at least 
12 ms before a new key can be entered. 

ERROR CONDITIONS AND INDICATION 

In the event of an illegal operation, the calculator will 
display "Error" and X will be cleared. Any key depressed 
after an error will use X = 0 for the next operator. 
Table I summarizes results, and operations that· will 
give an error indicatiof'I. 

RANGE ACCURACY AND SPEED 

All fUnctions work over the full mathematically allow· 
able range as defined by the error conditions. 

All functions take less than 1 second and are accurate 
tO 8 digits. 

ALGEBRAIC OR RPN SELECTION 

Connect pin 5 (INB) to Voo tq select algebraic mode. 
Connect to Vss to select RPN mode. 

T 

======= z 
~=== y y 

~=== x x ....._ ____ __, 

m !,__ ___ ___, M 

FIGURE 1. User Register Configuration 



functional description (Continued) 

KEY OPERATIONS 

Clear Key "C" 

a) In RPN mode: Pushes down stack and clears T. Four 
''C" depressions will clear a completely full stack 

b) After "F": Clears all registers including the memory 

cl In algebraic mode after number key: Copy Y to X 

d) In algebraic mode after· function key: Clears all 
modes and X, Y, Zand T 

Number Keys, "O" ~ "9", "·" 

a) In RPN mode after any function key except "EN": 
Clears X and enters number left justified to X 

bl After any number key: Enters next digit into X. All. 
entries after eighth are ignored 

cl After "EE": Enters number to exponent. Last 2 
entries are used 

di After "EN": Clears X and enters number in X 

e) In algebraic mode, after function key: Clears X and 
enters number 

Change Sign Key, "CS" 

a) After "EE": Change sign of exponent of X 

b) After any other key: Changes sign of X mantissa 

Coordinate Conversion Key, "RH P" 

a) Converts contents of .X and Y in rectangular coor· 
dinates to polar coordinates: 

-.jx2 + y2 toY 
TAN-1 Y/X to X 

b) After "F": (P-+ R): Converts contents of X and Yin 
polar coordinates to rectangular coordinates: 
Y SIN X _,. Y (Q SIN 0) 
Y COS X-;. X (Q COS 0) 

Square Root/Square Key, "VX/X2" 

a) Square root of X to X 

bl After "F ": (X2) X-squared to X 

Reciprocal/"1/x" 

Reciprocal of X to X 

Power Key "YX" 

a) In RPN mode: Computes yx power, pushes down 
stack, clears T 

bl In algebraic mode, not in chain m.ode: Copy X to Y, 
set yx chain mode 

cl In algebraic mode, in chain mode: Perform the speci
fied function of X and Y, putting the result to both 
X and Y, set yx chain mode 

Enter Key, "EN" 

a) Pushes up stack, retains X 

bl After F: (CF) resets F mode 

Second Function Key, "F" 

Sets F mode 

Memory Store/Clear "MS/"MC" 

a) Copy X to memory 

b) After F: (CM) clear memory 

Memory Recall/Exchange Memory "MR/X-M" 

a) In RPN mode: Pushes up stack, recall memory to X 
bl In algebraic mode: Recall X to M 
cl After F: Exchange X and M 

Enter Exponent Key, "EE" 

Sets enter exponent mode, displaying 00 in exponent 
position. 

Stack Rotate Key "ROLL", RPN Only 

Rolls stack down 

Exchl!nge Key, "X <+ Y" 

Exchanges X and Y 

Common Log Key, "LOG/10X" 

a) Common logarithm of X to X (base 10) 
b) After "F": (1QX) 10x to X 

Natural Log Key, "LNfeX" 

a) Natural logarithm of X to X (base e) 

b) After "F": (eX) eX to X 

Trigonometric Keys, "SIN, COS, TAN" 

a) Replaces the decimal angle in X with the indicated 
t~,igonometric function 

b) After F: (SIN-1, cos-1, TAN-1) Replaces X with 
the decimal angle of the indicated inverse trigono
metric function 

The Four Function Keys, "+, -, X, 7", In RPN Mode 

a) Addkey,"+":Y+X-+X 
Subtract key,"-": Y - X-+ X 
Multiply key, "X": Y x X-+ X 
Divide key, "7": Y /X '--> X 
Then push down stack and clear T 
O-;.T-+Z-+Y 

b)AfterF: +:X+MtoM 
-: M -X to M 
X: M x X to M 
7: M/X to M 

DI 
I 



functional description (Continued) 

The Four Function Keys, "+", "-", "X", "7", In Alge
braic Mode 

a) If not in chain mode: Copy X to Y, set the speci
fied chain mode 

b) After "+, -, X, 7" key: Copy X to Y, set chain mode 

c) In chain mode: Perform the specified function of X 
and Y putting the result to X and Y, set the specified 
chain mode 

11 Key, "rr" 

a) In RPN mode: Pushes up stack enter 11 to X 
(3.1415927) 

b) In algebraic mode: Enter 1T to X 

Degree to Radian Key, "D-+ R" 

a) Converts X in degrees to radians X = Xo/180 x 11 

b) Converts X in radians to degrees X ~ Xo/rr x 180 

Equal Key,"=" 

a) In chain mode: Perform the specified function of 
X and Y putting the result to X and save the last 
number displayed in Y, set the constant mode 

summary 

b) In constant mode: Perform the specified function of 
X, Y putting the result in X 

c) After F: (CF) reset F mode 

Open Parenthesis, " [ (" 

Copy Z to T, copy X to Z; copy Pl mode to P2 mode; 
copy the calculator mode to Pl mode, reset calculator 
mode 

Close Parenthesis ")I ", Algebraic Mode 

a) In chain mode: Perform the specified function of X, Y 
putting the result to X. Copy Z to Y, copy T to Z, 
clear T2. Copy P2 mode to Pl mode, copy Pl mode 
to the calculator mode, reset P2 mode 

b) Not in chain mode: Z to Y, T to Z, clear T, Pl mode 
to calculator mode, P2 mode to Pl mode, reset P2 
mode 

Stack Operations in RPN Mode 

(M UNCHANGED) 

@] 
,_--LOST 

t__/ ~T :__/ ~·-~ 

y 

x 

----"'------x 

~ 
T 

z 

x : v 
x 

SIN cos TAN SIN-1 cos-1 TAN-1 cs ''x'xx· 2· ,' LN, LOG, 10 , e , 1 ,Y, X , EE, ->DEG, 
->RAD, F 

--------o- T _______ _,,_ z 
y _______ _,,_ v 

f (x) X 

8-128 

0 

: \ "' T 
z z 
y~ \_,.._y 
x~ '-----x 

'----LOST 

I +,-,X,7,Y•I 

: \\ : T 
z z 
Y\.~-Y 
x~X 

--------o-T _______ _,,_ z 

Y\.--.fy 
x~X 



summary (Continued) 

F,X<>M 

y 

m x 

Stack Operations in RPN Mode (Continued) 

~ 
t~···T z z 
v . . v 
x . . x 

ERROR 

--------T 
--~-----z 

v---------v 
--------x 

~AFTER FUNCTION KEV OR 

LJ 
,.-LOST 

t__/ ,_--T 
z__/ ;--z 
v--- r---v 

x~X 
n, 1 

FIRST 

~.AFTER FUNCTION KEV 

~LOST 

t I .. T 

z I .. z 
v--'r-v 
.___/.r--x 

NUMBER____________/ . 

NUMBER LEFT JUSTIFIED 

~AHER~OR~ 
-----~--T 

--------z 
v---~----v 

NUMBER X 

Operations Using Memory(s) 

~ 
,_-LOST 

t__./ ,_--T 
,__/ ;---z 
y--J r----v ;__/ c:: 

--------1 
--------z 

v v 

; . \ : : 
~LOST 

POWER "ON" or ~ 
ERROR 
OVERFLOW INTO MEMORY 

T 0 

z 
v 0 

: x 0 

M 

T 

z 
v 
x 
M 

--------r 
--------z 
v--------- v 

:==\'---x 
m~ ·- • M 

"-LOST 

s: 
s: 
CTI 

""' .... 
0 
w 
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Example Showing Parentheses Registers and Modes in 
Algebraic Mode 

connection diagram 

6 x (2(8-5) + 2) 
Dual~ln-Line Package 

28 

Pl P2 K1 aa 1 

x Y& MOOE 27 
Z& MOOE T& MOOE KZ aaz 

6 6 
'K3 " 00 3 

x 6 · 6x K4 
Z5 

DO 4 

( 6 6 6x INS 24 SJ 

2 2 6 6x SYNC 23 so 

FYX 2 . 2vx 6x " osc BLK 

2 2 2vx 6x F3 21 Yao 

8 8 2 2vx 6x F2 20 Sa 

8 8+ 2vx 6x F1 
10 19 sh 

5 5 8- 2vx 6x POW 
11 18 s, 

I 3 2vx 6x s, 1Z 17 '• 
+ 8 8+ 6x s, 13 16 S2 

z z 8+ 6x s, 14 is Vss 

I 10 6x 
TOP VIEW 

60 1 Ox (constant) Order Number MM57103N 
See Package 23 

typical application Typical Scientific Calculator Schematic 

SW1 

~ 

'rv'~'---<t--~--------------""~v~ 

DC TO OC 

Nee!! So 
NC 0::- SI 

rv'~'----------------'2~1 Voo 
ALGEBR:~~: ~~; o..! INB 

NC NC NC NC 

Yili_1 
POW Fl F2 fl 

MMS7103 
UI 

1 
K11--------, 

KZ ~·'-------, 
Kl 3 

SYNC~NC 
''t-:-
osc~ 
BLKH 

_h CONVERTER 

004 Olll 002 001 Sa Sb Sc Sd Se Sf Sg SP 

r---------------"~j 'j 'j" 20 19 18 17 16 14 13 12 

1:00 12 ~'------<l>--0 _ _, GND 

5 2 3 4 
ENABLE OSC 

OUT 23 
0 C B A 

NSA 
5120 

L-1! Vee 

• 088664 
U2 

R acsr~ R1 

3Jk 

22 23 
AC OCS t=1 

01 02 03 04 OS 06 07 08 09 010 011 012 011 014 

20 19 18 11 16 15 14 13 11 10 9 8 7 6 ~Cl 

r:~''' 

014·1¥.-

D 13 t¥a---t-
D12 f,;---' : -; -~~ -,i -, 

Sf 18 ..llL "": 

a11 " L.,_J-i.)J-1,.H.r 
a~~r,~,----+--+--+--+--t-t-+-+-+--+-~----_-_-_-_-_-_-_-_-_;_;~~--+--t--tt--+-+---jJ;"-"1~~;1-1r'-rii1 1 

•.:: . J~~ ~i:: _j;m 
s,;; I~ 
::r.-: ---+-i>-+-+-+-+-:::=========.---------1·;~~ 
::r.:,.------1--11-+-+-+--~----------------------~---_-_-_-_-_-_:-_-_-_-_-_-_-_~T---_-_:-_-_-_-_-_-_-_~~---J:-<~t;~J-lJ-l~J-lJ-l~~J-I I 

s, r.-, ---+-+-+-1--------'--------' t~ 

~::t="": ..=---=:-.______ ____ ____, L-1~~ 
ITT~~ ~~ 

.__ _ __. L: ~---...I 
KEYBOARD 



switching time waveforms 

INTERNAL 
CYCLE TIME 

VoH-------
SYNC 

vo,-----f-L--...l 

VaH-~~~~-r-------~.G"==="""" Jr-+-------
F1,F2.F3 ~ 

VoL-=:;o""""""':ii::if- --.-..-------~ ~===~ l'-i-------
---'pdf --·-

--1pOBLK--1 

Bl<:~==::::::::::::::::::::::::::::::::::::::::--= 

INTERNAL 
CYCLE TIME 

vtH 

asc 
v,,--~--

Note.OSC Duty Cyde = 

t1 + 12 Ip 

FIGURE 2(a). Input/Output Timing Diagram 

VoH-====fl~ 
SYNC 

SO, D01-D04 ~
pd 

VoH-=============: 

:: =============. ~ :~-4 lpdSEG~ 
s1-s9, sP 

VoL-================..J 
FIGURE 2(b). Input/Output Timing Diagram 

keyboard matrix connection table 

SWITCH DIGIT TIMING STATE 

INPUTS 014 013 012 011 010 09 08 07 06 

K1 = + c • 0 3 2 1 

K2 x - 9 8 7 6 5 4 

K3 M+ [( )] % :E+ cs EE MS 
K4 F D.MS R->-P TAN cos SIN ,;- 1 /X LOG 

8-131 

05 

MR 
LN 



MM57104 scientific calculator circuit 

general description 
The MM57104 features the most essential and desirable 
scientific functions microprogrammed onto a single 
economical MOS/LSI device. Use of a 9-digit display 
with a 5-digit mantissa plus sign and a 2-digit exponent 
plus sign is featured even though internal numbers 
use a full 8-digit mantissa for accuracy. Low system 
cost without sacrificing features has been achieved with 
the MM57104; direct operation from an inexpensive 
throw-away 9V battery, eliminating the need for a 
de/de converter, minimal cost 23-position keyboard 
and a standard 9-digit low cost LED display. National's 
built-in reliability and rugged 24-lead DIP add further 
to the MM57104 's total system efficiency. 

features 
• Enters ±9.9999999 x 1099 to ±1 x 10-99 

• 9-position display: 5-digit mantissa plus sign and 
2-digit exponent with sign 

sample keyboards 

Algebraic 

MS ft RAD->DEG 

080 
SCI FLT DEG-> RAD 

DGJDGJ 
ARC ax 1/X " 

DODD 
TAN LOG 10X M-

000 D 
COS LN eX M+ 

ODDO 

8-132' 

Calculators 

• Left justified entry with trailing zero suppression 

• Selectable Reverse Polish Notation (RPN) or Alge-
braic notation with 2 levels of parentheses 

• Arithmetic functions: +, -, X, 7, 1 /X, VX, x2 

• Constant operations in algebraic mode 
• Power function: yx 

• Logarithmic functions: LN X, LOG X, ex, 1ox 

• Trigonometric functions: SIN, COS, TAN, SIN-1, 
cos-1, TAN-1 

• Full-function; addressable memory 

• 4-register working stack with ROLL capability 
(RPN) or EQUAL with 2 levels of parentheses (alge
braic) 

• 1T, change sign, clear, clear-all and exchange 

• Auto power-on clear 

• Degree/radian conversion 

• Two output modes: floating or scientific 

RPN 

MS v'X RAD-> DEG 

000D 
SCI FLT DEG -> RAD 

DGJDD 
ARC ~ 1/X " 

DODD 
TAN LOG 10X M-

D DD D 
SIN X -v CA CF 

DDGG;J 



absolute maximum ratings 

Voltage at Any Pin Relative to Vss 
(All Other Pins Connected to Vssl 

Ambient Operating Temperature 

Ambient Storage Temperature 

lead Temperature (Soldering, 10 seconds) 

de electrical characteristics 

PARAMETER 

Operating Voltage (Vss - Vool 

Operating Supply Current (I DD) 

K1-K4 

Input Voltage Levels 

Logic High Level (V1Hl 

Logic Low Level IV I Ll 

K 1-K4 Input Current Levels 

Input High Level 01H) 

D01, D04 Output Voltage 

Levels (Encoded Digit) 

Logic High Level (VoHl 

Logic Low Level (VoL) 

Logic High level Current (IOH) 

Sa-Sg and Sp Output Current levels 

Logic High Level Current (loHl 

Open Drain Outputs 

Sync Output Voltage levels 

Logic High Level (VoHl 

Logic Low Level (Voll 

F 1 Output Voltage Levels 

Logic High Level (VOH) 

Logic Low Level (Voll 

Osc. Output Current Levels 

Logic High Level Current OoHl 

Logic low level Current (loll 

Keyboard Key Resistance (RKEY) 

(K1-K4) 

Vss +0.3V to Vss -12v 

0°C to +·10°c 
-55°C to +125°C 

300°C 

0°c-::; TA.:;::+ 70°C, 7 .9V.:;:: Vss - Voo.:;:: 9.5V unless otherwise stated 

CONDITIONS MIN TYP MAX 

7.0 9.5 

Vss- VDD = 9.5V, TA= 25°C 12 18 

(Excluding Outputs) 

Vss- VDD = 7.9v Vss-3.2 Vss 

vss - VDD = 9.5v Vss-4.5 Vss 

VDD+1.5 

(Through Keyboard) 

V1H = Vss - 3.2V -350 

RL = 150 kQ Vss-1.0 Vss 

IQL = 3µA VoD VDD+0.5 

Vss - VDD = 7.9v 

VoH = VDD + 1.5V -260 

VoH=VDD+3V 

-20 -10 -5 

(With Load and Driver to VDDl 

Vss - VDD = 7.9v 

IOH = -100 µA Vss-0.5 Vss 

IOl = 15 µA VDD VDD+3.7 

IOH = -30µA Vss-1.5 

IOL = 3µA VDD+1.o 

(Output with Load to VDDl 

VoH = VDD + 1.5V -1.0 

vol= VDD + o.5V 3.0 

lEb Display Interface 200 

8-133 

UNITS 

v 
mA 

v 

v 

v 

µA 

v 

v 

µA 

mA DI 
v 

v 

v 

v 

mA 

µA 

Q 



ac electrical characteristics 0°C c::; TA c::; +70°C, 7.9V c::; Vss - VDD S 9.5V unless otherwise stated 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Osc. Output Frequency 130 450 kHz 

Osc. Duty Cycle (Figure 2) 33 56 68 % 

K1-K4, !NB 

Input Timing 

tSK 1.75 µs 

tLK 1.0 µs 

Fl Output Timing CLOAD = 100 pF 4.4 µs 

tpdf 

Sync. Dutput Timing 

Interval (ts, Bit Time) 8.8 30 µs 

tpdsL CL= 250 pF 0.1 1.65 µs 

tpdsH 0.1 1.25 µs 

tHS 0.1 0.8 µs 

DOl, D04 Output Timi!'g CL= 100 pF (D01-D04_) 

CL= 250 pF ISO) 

tpd 0.5 4.0 µs 

Sa-Sg. Sp Output Timing (tpdSEGl 6.0 µs 

lnterdigit Blanking Time (Tl) 7.5 µs 

connection diagram 
Dual-In-Line Package 

s. 24 St 

sd 
2 23 s 

g 

Sc 
22 

·Sp 

Sb 
4 21 

NC 

s. 
20 

Fl 

Voo 
19 

OSC (NC) 
Order Number MM57104N 

18 See Package 22 
NC SYNC (NCI 

17 
NC INB 

NC 
9 16 

K4 

004 
10 15 

KJ 

001 
11 14 

K2 

Vss 
12 13 

Kl 

TOP VIEW 
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functional description 
REGISTER CONFIGURATION 

The user has.access to 5 registers designated X, Y, Z, T, 
and M. X is the display" and entry register and the bot
tom of an "operational" stack that includes Y, Zand T. 
M is an independent user-addressable memory register 
that can be stored, recalled, added, multiplied, subtracted 
or divided with X. In the algebraic mode, Z and T are 
used as parenthesis registers. 

All registers contain 8 mantissa digits with sign and 2 
exponent digits with sign. 

DISPLAY CONFIGURATION 

The X-register is always displayed and shown as 8 digits 
of mantissa with sign or 5 digits of mantissa with sign 
and 2 digits of exponent with sign. Numbers are entered 
left justified with trailing zeros suppressed. 

DISPLAY FORMAT 

Floating point display output format is "F", "CS". If X 
is greater than 99999999. or less than 0.001, the display 
is in scientific notation. 

By pressing "F", "EE" all results are displayed in 
scientific notati.on. 

READY SIGNAL OPERATION 

Output F 1 of the MM57104 can be used as a "ready 
signal" to indicate calculator status. It can be useful 
in providing synchronization information during testing 
and if used with other logic. 

When the calculator is in the "idle state" and ready to 
accept a key, F 1 is high (near Vssl. It remains high 
until a key is depressed and acceptE!d, then goes low. It 
goes low until the calculator is complete then goes high 
again to indicate that a new key may be entered. 

KEYBOUNCE AND NOISE REJECTION 

When a key is depressed, a time-out is started. A key is 
accepted as valid if it remains depressed for approxi
mately 12 ms_ The key. must be released for at least 
12 ms before a new key can.be entered. 

ERROR CONDITIONS AND INDICATION 

In the event of an illegal operation, the calculator will 
display "Error" and X will be cleared. Any key depressed 
after an error will use X : 0 for the next operator. 
Table I summarizes results and operations that will 
give an err~r indication. 

RANGE ACCURACY AND SPEED 

All functions work over the full mathematically allow
able range as defined by the error conditions. 

All· functions take less than 1 second and are accurate 
to 8 digits. 

ALGEBRAIC OR RPN SELECTION 

Leaving pin 17 (INB) open selects algebraic. Connect 
pin 17 to Vss to select RPN. 

TABLE I. ResUlts and Operations Resulting in an Error Indication 

Results> 9.9999999 X 1099 

Results < 1 x 1 o-99 

Division by 0 

LOG, LN <O 
TAN, SIN, COS> 9000°: 

TAN 90°, 270°, etc. 

SIN-1,cos-1>1or;::;10-50 

VX <'.O 
More than two open parentheses without 
a close 

More close parentheses than open 

t I IT 
z I lz 
vi Iv 
x I Ix 
ml IM 

FIGURE 1. User Register Configuration 



functional description (Continued) 

KEY OPERATION 

Clear Key, "C" 

a) In RPN mode: Pushes down stack and clears T. 
Four "C" depressions will clear .a completely full 
stack 

b) After "F": Clears all registers including the 
memory 

c) In algebraic mode after number key: Copy Y to X 
d) In algebraic mode after function key: Clears all 

modes and all registers except M 

Number Keys, "O" ~ "9", "•" 

a) In RPN mode after any function key except "EN": 
Copies X to Y and clears X .and enters number left 
justified to X 

b) After any number key: Enters next digit - > X. All 
entries after eighth are ignored 

c) After "EE": Enters number to exponent. Last 2 
entri.es are used 

d) After "EN": Clears X and enters number in X 

e) In algebraic mode, after function key: Clears X and 
enters number 

Change Sign Key, "CS"/"FL T" 

a) After "EE": Change sign of exponent of X 

b) After "F": Set floating poirit mode 
c) After any other key: Changes sign of X mantissa 

"F~' "9" Reciprocal/"1/X" 

Reciprocal of X to X 

"F" "8" Power Key, "Yx" 

a) In RPN mode: Computes yx power, pushes down 
stack, clears T 

b) In algebraic mode, not in chain mode: Copy X to Y, 
set yx chain mode 

c) In algebraic mode, in chain mode: Perform the speci
fied function of X and Y, putting the result to both 
X and Y, set yx chain mode 

Enter Key, "EN", RPN Only 

a) Pushes up stack, retains X 

b) After F: (CF) resets F mode 

Second Function Key, "F" 

Sets F mode 

Memory Recall/Memory Store, "MR/MS" 

a) In RPN mode: Pushes up stack, recall memory to X 
b). In algebraic mode: Recall X to M 

c) After F: Copy X to M 
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Enter Exponent/Scientific Notation Key, "EE"/"SCI" 

a) Sets enter exponent mode, displaying 00 in exponent 
position 

b) After F: Set calculator to scientific notation . 

"X2''/"y" Key, RPN Only 

a) X squared to X 

b) After F: Square root of X to X 

Stack Rotate Key "ROLL"/"DEG" Key, RPN Only 

a) Rolls stack down 

b) After F: Convert radians to degrees 

"F", "•"Exchange Key, "X+>Y" 

Exchanges X and Y 

"F", "5" Common Log Key 

Common logarithm of X to X (Base 10) 

"F" "6" 1ox Key 

"F ... "2" Natural Log Key 

Natural logarithm of X to X (base e) 

"F" "3" eX Key 

eX to X 

Trigonometic Keys, "F" "O", "F" "1", "F" "4" "SIN", 
COS, TAN" 

a) Replaces the. decimal angle in X with the indicated 
trigonometric function 

b) After ARC: (SIN-1, cos-1, TAN-1), replaces X 
with the decimal angle of the indicated inverse trigo
nometric function 

The Four Function Keys, "+, -, X, +", In RPN Mode 

a) Add key,"+": Y + X-+ X 
Subtract key,"-": Y-;- X-+ X 
Multiply key, "X": Y x X-+ X 
Divide key,"+": Y/X-+ X 
Then push down stack and clear T 
0-+T-+Z-+Y 

b) After F: +:·X + M to M 
-: M -X to M 
X:trtoX 
+: Convert X from degrees to radians 



functional description (Continued) 

The Four Function Keys,"+","-'', ·"'X"~ "+'',.In Alge
braic Mode 

af if not in chain mode: Copy X to Y,' set the speci
fied chain mode 

b) After "+, -, X, +"key: Copy X to Y, set chain mode 
c) In chain mode: Perform the specified funi:tion of X 

and Y putting the result i:o X and Y, set the specified 
chain mode 

"F" "7" ARC Key 

Set ARC mode 

Equal Key";", Algebraic Mode Only 

a) In chain mode: Perform the specified function of 
X and Y putting the result to X' and save the last 
number displayed in Y" set the constant mode 

b) In constant mode: Perform the specified function 
of X, Y .putting the result in X 

c) After F: (CF) reset F mode 

summary 

Open Parenthesis,"[(", Algebraic Mode Only 

a) Copy X, T copy X to Z, copy P mode to P2 mode: 
Copy the calculator mode to Pl mode, reset calcu- · 
lator mode 

b) After F: Square root of X to X 

Close Parenthesis")]", Algebraic Mode Only 

a) In chain mode: Perform the specified function of. 
· X, Y putting the result to X. Copy Z to Y, copy T 
to Z, clear T2. Copy P2 mode to Pl mode, copy Pl 
mode to the calculator mode, reset P2 mode 

b) Not in chain mode: Z to Y, T to Z, clear T. Pl mode 
to calculator mode, P2 mode to Pl mode, reset P2 
mode 

c) After F; Convert radians to degrees 

.. Stack Operations in RPN Mode 

(M UNCHANGED) 

·~ 
r---LDST . 

,___/ ,---r 
z __J r----" z 

v__; r=; 

------..... -r 
------..... -z 

SIN, cos. T1lcN, ~IN~l • cos21 ~ TAN-1, cs 
LN, LOG, 10 , e , 1 .V, X , EE, ->DEG, 
-,>RAD, F 

----------r --------z 
v y 

I (xi X 

~AFTER FUNCTION KEY OR 

GJ 
. ,_-LOST 

•---' ,--r 
z ____,/ r--- z 
y__/ ,----v x===!'-X 

~.1 
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1. +,-,X,+, yx r 
: \\ : T 

:~~ 
x~X 

I ROLL I 
'~· T z z 
v v 
x x 

ERROR 

----------T -------z 
.v-------v 
--'-------x 



summary (Continued) 

Stack Operations in RPN Mode (Continued) 

FIRST 

~ AFTER FUNCTION KEY 

r-LOST 

t___; r---T 
,___../ r---z 
v___; r--v 
•---' r-x 

NUMBER ___J 
NUMBER LEFT JUSTIFIED 

~AFTER0oR~ 
--------T ______ ____,,_ z 
______ ____,,_ y 

NUMBER X 

Operations Using Memory(s) 

POWER "ON" or ~ 
0 T ______ ____,,_ z 

---------v ______ _..,_x 

-------M 

--------.-T 
---------z 
-------v 

; \ : ~ 
~LOST 

ERROR 
OVERFLOW INTO MEMORY 

T 

: \ .. x 
m~- M 

'------LOST 

Example Showing Parenthesis Registers and Modes in 
Algebraic Mode 

6 x (2(8-5) + 2) 

x 

6 6 
x 6 
( 6 
2 2 
FYX 2 

2 

8 8 
8 

5 5 

) 3 
+ 8 
2 2 

) 10 
60 

Y & MODE 
Pl 

Z& MODE 

6x 
6 6x 

6 6x 
2vx 6x 

2 2vx 

2 2vx 

8- 2vx 

8- 2vx 
2vx 6x 

8+ 6x 
8+ 6x 

6x 
10x (constant) 
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P2 
T&MODE 

6x 
6x 
6x 

6x 



system interconnection diagram 

~ 5 t'13 t'17 9 ; 11 3 1sj_1 

l LED NSA1198 OR EQUIV. J 
~ 2 4 ~6 ~8 10 12 14 ~16 ~ ~18 

MR [( )I 

F EE +/-
...._ --

7 8 9 x ..._ 
~ 

4 5 6 - ..._ --
i 2 J + ..._ --
0 c = rr 

J 4 5 6 8 9 10 11 12 

l 01 02 DJ 04 05 06 D7 DB D9 ,lt3 
DS8874 LOW BATJ 

D CP Vee· GND 

2 ~1 ~4~ 
9V -

' 
10 11 

004 DOISa 5 

Sb 
4 

I 

f 

Sc 
3 

MM57104·Sd 
2 

16__.. I 
K4 Se 

I~ 
K3 St 24 

- 14 ....... 
K2 Sg 23 

a 
13__.. 

Klvss VoosP 
22 

....... 

9V~0-
---

GND -=:I:_ 
..r 
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switching time waveforms 

INTERNAL 
CYCLE TIME 

Vott 
osc 

¢20 

Vott--=~~~,,.,,,,,t;!;'~ 

SYNC 

K1-K4 

INTERNAL 
CYCLE TIME 

osc 
VoL----t,..,;;;1-

toxtt~I-

Note. OSC Duty Cycle = 

FIGURE 2{a). Input/Output Timing Diagram 

Vott--====ti:!::\
SYNC 

Vott-~========~====~ 
001, 004 

Vol--;;;;;============================' 

s0 -sg. Sp 

VoL--;;;;;;;;;:::==================================;;;;J 
FIGURE 2(bl. Input/Output Timing Diagram 
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Calculators 

MM57123 business/financial calculator circuit 

general description 
The single-chip MM57123 Business and Financial Calcu
lator was developed using a metal-gate, P-channel 
enhancement .and depletion-mode MOS/LSI technology 
with low end-product cost as a primary objective. A 
complete calculator as shown. in. Figure 1 requires only 
the MM57123, a keyboard, digit driver, LED display, 9V 
battery and appropriate hardware. 

Keyb(lard. decoding_ and key debou.nce circuitry, ali 
clock and timing generation and 7-segment output dis
play encoding are included on-chip and require no 
external components. Segments can usually be driven 
directly from the MM57123, as it typically sources about 
8.5 mA of peak current. 

An intern-al power-on clear circuit is included that clears 
all registers, including the mem'ory, when VDD and Vss 
are ·iAitially applied to the chip. 

Trailing zero suppression allows convenient reading of 
the left justified display, and consenies power; typical 
current drain of a complete calculator displaying five 
"5's" is 30 mA. Automatic display cutoff is also in· 
eluded: if no key closure occurs for approximately 35 
seconds, all numbers are blanked and all decimal points 
are displayed. 

The Ready output signal is used to indicate calculator 
status. It is useful in providing synchronization informa
tion for testing or applications where the MM57123 is 
used with other. logic or integrated circuits; e.g., with 
the MM5765 Programmer (Figure 3). 

Twenty-two dual-function keys are arranged in a three
by-nine matrix as shown in Figure 1. There are the 
standard four-function keys (+, -. x, 7), Change Sign, 
Exchange X and Y, Percent, .,/X, Power, four aecumu-. 
lating memory control keys, plus 12 unique business or 
financially oriented computation keys; an automatic 
constant feature is also included. 

The MM57123 is physically and electrically compatible . 
with the MM5767 slide-rule calculator IC so that two 
dii'terent models can be produced using the exact same 
components, even the keyboard; only the keyboard 
overlay rieed be changed to show respective keystroke 
functions. 

The user has access to six registers designated X, Y, A, I, 
N and M. The X-register is used for keyboard entry and 
display. The Y and A-registers are used in multiply/ 
divide and add/subtract calculations, respectively. Interest 
values are held in the I-register and the N-register stores 
the number of time periods in financial calculations. M 
is an accumulating storage memory and is completely 
independent of the others. 
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Data is e'ntered into the calculator in floating point busi
ness notation. All entries and results are displayed as 
floating point, left justified with insignificant zeros to 
the right of the decimal point suppressed. 

features 
• Complete business and financial capability 

• Arithmetic functions: +, -. x, 7 
• Power function: yx (power) 
• Live percent 
• Sum-of-digits capability for computing deprecia

tion or "Rule of 78's" loan costs 
• Financial functions: 

A "N" keys enter number of periods 
A "I" keys enter interest rate per period 
• "AMT" key enters given amount 
• "I NT" keys compute PV or FV (compound 

interest) 
• "SAV" keys compute deposit or sinking fund 

amounts 
A "LOAN" keys compute payment or loan 

amounts 
• Accumulating memory 
• Automatic constant 
• Convenient business (adding machine) entry notation 
• Eight full digits 
• Power-on clear 
• Automatic display cutoff 

keyboard outline 

*CF 

00 
CF MC MR 

GGLJD 
SAV FV LOAN AMT INT FV SOD 

DODD 
SAV PMT LOAN PMT INT PV a• 

DODD 
AMT N 12N · M-

CJD DD 
1112 x*v· 1 M+' 

GODO 
*Optional 



absolute maximum ratings 

Voltage at Any Pin Relative to Vss 

(All other pins connected to V55). 

Ambient Operating Temperature 

Ambient Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

operating voltage range 
6.sv s Vss - voo s 9.sv 

Vss + o.3V to Vss - 12v 

0°C to +70°C 

-55°C to +150°C 

300°C 

Vss is always defined as the most positive supply voltage 

de electrical characteristics 

PARAMETER 

Operating Supply Current Pool 

Keyboard Scan Input Levels 

(Kl, K2, and K4) 

Logical High Level 

Logical Low Level 

Digit Output Levels 

Logical High Level (VoHI 

Logical Low Level (VOLi 

Segment Output Current 

(Sa through Sg and Decimal Point) 

Ready Output Levels 

Logical High Level (VOHI 

Logical Low Level (VOL) 

ac electrical characteristics 

PARAMETER 

World Time 

Digit Time 

Segment Blanking Time 

Digit Output Transition Time 

(tRISE and tFALLi 

Keyboard Inputs High to Low 

Transition Ti me after Key Release 

Ready Output Propagation Time 

Low to High Level (tPDHl 

High to Low Level (tpoL) 

Key Input Time-out 

Key Entry 

Key Release 

Display Cutoff Time 

(The time after the last valid key 

closure that all numbers will be 

blanked and all decimal points dis· 

played). 

CONDITIONS 

Voo = Vss - 9.5V, TA= 25°C 

vss - s.5v s Voo s vss - 9.5V 

Yoo = Vss - 6.5V 

Yoo= vss - 9.5V 

RLOAD = 3.2 kl1 to Voo 

Yss s.5V s Voo s Yss - 9.5V 

voo = vss - s.5V 

Yoo= Vss - 9.5V 

TA= 25°C 

vouT - Yss - 3.SY, Yoo= -6.5v 

vouT = Vss - 5Y, Voo - av 

YouT = Yss - 6.5Y, Yoo 9.5Y 

IOUT = - 0.4 mA 

IOUT = 10µA 

CONDITIONS 

(Figure 21 

(Figure 21 

(Figure 21 

CLQAD = 100 pf 

RLOAD = 9.6 k!1 

CLOAD = 100 pF 

(Figure 4) 

CLQAD = 100 pF 

CLOAD = 100 pF 

(Figure 51 
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MIN 

vss-2.5 

Vss-1.s 

-5.0 

Yss-1.0 

MIN 

0.32 

36 

2 

10 

2.8 

5.1 

15 

TYP 

8.0 

-8.5 

-10.0 

TYP 

0.75 

83 

4.5 

2 

4 

1.0 

12 

35 

MAX 

V55-5.0 

Yss-6.o 

Y55-6.0 

Vss-1.0 

-15.0 

Voo-1.o 

MAX 

2.0 

220 

14 

50 

1 

18 

32 

92 

UNITS 

mA 

v 
v 

v 
v 

mA 

mA 

mA 

v 
v 

UNITS 

ms 

µs 

µs 

µs 

µs 

µs 

ms 

ms 

ms 

sec 
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Key labels: SHIFT/DIAECT 

]~' 

·1~ 
MMS7123 J"' l .. DI 02 DJ 04 05 06 D7 

~V/6 L1J 
~vn ~ 

~ 

~x ~AMTl8 ~ 
~ r:os:,v/9 ~ 
~ : ~ ~ DIGIT 

DRIVER 

~ ~ ~ 
(NOTE2)" 

~2_/CE 12 ~ ~ 
FC/CA ~s ~PMT/4 - LDAN-PMT/S 

,___ 

Note 1: Display: Use N5A1198, N5A1298 or NSA0098. 

]. 
[ DP S1 St S, Sd S, S. S, 

. B.8.B.8.8.B.B.B.8. 
00 ~ 00 ~ ~ ~ M 00 00 

1--

~ 

LEDOISP 

~ 
-r 

lJ 

LAY (NOTE 1) 

9VMALLORY 
MN16D40R 
EQUIVALENT 

POWE A 
SWITCH 

Note 2: Driver: Use D58864 or D58873 (with low-battery indicator), or DS8855 or DS8872 (without low-battery indicator}_. 

DECIMAL 
POINT-l----1---+' 

.. 

., 

ACfUAL DISPLAY: 

. ' 
FIGURE 1. Complete Calculator Schematic 

SEGMENT 
DESIGNATION 

00-----------01 

FIGURE 2. Display Timing Diagram 
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1· 
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LED 

FINANCIAL DISPLAY 

CALCULATOR 
(7) 

Vss SEGMENT SEGMENTS NSA1298 

(4) OUTPUTS 
..,_!,ROG RAM( nnnnr::tnnnCI K MM57123 Voo RUN 

INPUTS MOOE CJ. Cl. Ct. CJ. Ct. CJ. CJ. CJ. CJ. DIGIT SWITC~Q. 
OUTPUTS READY DIGITS .. LOAD 

(9) 
l + ++i OUTPUT Vee -=---r---11 (9) 19~ 9v .=.. 

I 
L-
I 
9 
A 
ARD 

4X 
DAT 

KEV BO 
Alli 
1 x 

PROGRA 

D 
4 
MMER 

OL CON TR 
KEYBO ARD. 

I- - :.J DATA 

~ Vss 
' KI/O's 

CONTROL 
K5 

LEARN MODE 
PROGRAMMER 

c INPUT DIGIT DRIVER 

(8) 

~ ~ GND 
READY · 

RUN/LOAD 

MM5765 

Voo 
ALARM 

.,, ~~~RM POWER 
SWITCH 

~ "- INDICATOR 

ON 

FiGURE 3; Low Cost Hand-Held Programmable Financial Computer 
Using the MM57123 Calculator and MM5765 Programmer 

KEYBOARD BOUNCE AND NOISE REJECTION 

The MM57123 is designed to interface with most low. 
cost keyboards, which are often the least desirable from 
a false or multiple entry standpoint. 

A key closure is sensed by the calculator chip when one 
of the key inputs, K 1, K3 or K4 are forced more 
positive than the Logical High Level specified in the 
electrical specifications. An internal counter is started as 
a result of the closure. The key operation begins after 
nine word times if the key input is still at a Logical High 
Level. As long as the key is held down (and the key 
input remains high) no further· entry is allowed. When 
the key input changes to a Logical Low Level, the 
internal counter starts a sixteen word time-out for key 
release. During both entry and release time-outs the key 
inputs are sampled approximately every other word t.ime 
.for valid levels. If they are found invalid, the counter is. 
reset and the calculator assumes the last valid key 
input state. 

One of the popular types of low-cost keyboards avail· 
able, the elastomeric conductor type, has a key pressure 
versus contact resistance characteristic that can generate 
continuous noise during "teasing" or low pressure key 
depressions. The MM57123 defines a series =ontact 
resistance up to 50 kU as a valid key closure, assuring 
a reliable interface for that type of keyboard. 
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AUTOMATIC DISPLAY CUTOFF 

If no key is depressed for approximately thirty-five 
seconds, an internal automatic display cutoff circuit 
will blank all segments and display nine decimal points. 
Any key depression will restore the display; to restore 
the display without modifying the status of the calcu
lator, use two Change Sign "+/-" key depressions. 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state, the output is at a 
Logical High Level (near V55). When a key is closed, the 
internal key entry timer is started. Ready remains· high 
until the time-out is completed and the key entry is 
accepted as valid, then goes low as indicated in Figures 4 
a.nd 5. It re!Tlains at a Logical Low Level until· the 
function initiated by the key is completed and the key 
is released. The low to high transition indicates the 
calculator has returned to an idle state and a new key 
can be entered. 

ERROR INDICATION 

In the event of an operating error, the MM57123 will 
display all zeros and all decimal points. The error .in· 
dication occurs if division by zero is attempted or 
either a result or intermediate value exceeds 99999999. 

----



DIGIT 9 ~ 

READY 

FIGURE 4. Ready Timing 

NEW 
KEYIS 

DEPRESSED 
. KEY IS 

I __J. RELEASED 

t -9WOROS . _ 1 t 

·JLJLJ ANY 
SWITCH 

INPUT ---"II"---' / '!'------
"NOISE" KEY RELEASE OR ~ 

16WORDSAFTER J 
AFTER CALCULAT .. ION 1 IS COMPLETE, 

. WHICHE~E!i Is . . r 
- LON~ t.._ -----·· t 

READY 

NEW KEY HAS I NEXT KEY 
BEEN ACCEPTED CAN BE 

BY CALCULATOR. ENTERED. 
THE KEY MAY 
BE RELEASED. 

FIGURE 5. Functional Description of Ready Signal and Key Entry 

The indication is cleared by depressing any key. 

1i1 an error results from a "+" or "-" key, the X-register 
is cleared and the last entry is saved in the A-register; 
all other registers are not effected. An error condition 
during "x'; or "+" operations clears X without changing 
any of the other registers. 

Overflow as a result of the "POWER," "INT," "SAV" or 
"LOAN" keys clears the. X-register and. destroys the 
values in N, I and A. Y is not changed. 

An attempt to raise a ne.gative. number to a power will 
cause the error indication to appear, the X-register will 
be cleared and the exponent will be stored in Y. The 
other registers are not changed. · 

Overflow as a result of "M+" destroys the. value stored 
in M, clears X and displays the· error indication. Calcu-
1 ations are immediately stopped and other registers are 
not cleared. 

AUTOMATIC CONSTANT 

The MM57123 retains as a constant the first factor of 
a multiplication calculation or the second factor of a 
division calculation, when that calculation is terminated 
by an "=" key or "%" key: Subsequent calculations 
using the stored. constant are made by entering a 
number· and operating upon it with the appropriate 

terminator ("=,"or "%" key). The Y-register is used to 
store t.he constant in the constant mode of operation. 

The calculator automatically changes to the chain mode 
when an "x" or"+" key occurs in the calculation. In the 
.chain mode, the result of each "x" or ".;."key is stored 
in both X and Y-registers. A new entry replaces X 

·without altering Y. At the completion of a chain calcu
lation, the Y-re.gister will contain the value used as first 
factor of the last multiply, or the latest entry if the last 
operation was a divide. 

Table I summarizes the four modes. 

KEV OPERATIONS 

(Note: Register Xis always displayed.) 

Clear Entry Key, "CE" 

Following a number entry or an "MR" key, it clears the 
X-register only (Clear entry). Following any other key 
it clears registers X, Y and A. 

Clear All Key, "CA" 

Pressing "CA" once clears all registers including M 
(memory). 

8-145 



Number Entries 

The first entry clears the X-register and enters the num· 
ber into the LSD of X. Second through eighth entries 
(excluding a decimal point) are entered one digit to the 
right of the last number. The ninth, and subsequent 
entries are ignored. First entry after a "+", "-", "M+" 
or "M-" following a "+" or "-" key causes the number 
in the X-register to be transferred to the A-register 
before clearing and placing the new entry in X. 

Decimal Point, "." 

At the first depression of a number entry, it clears the 
X-register and places a point in the leftmost digit. If the 
previous key was a number, it enters a decimal point to 
the right of the last number entered. Following a "+", 
"-" or those keys preceding a "M+" or "M-" key, the 
X-register is transferred to A, cleared and a decimal 
point entered in the leftmost digit. The last decimal 
point depression in a single number entry is accepted as 
the valid point. 

Change Sign Key,"+/-" 

Changes sign of register X. 

Addition Key, "+" 

If the previous key was not a "+" or "-" key, the 
number in the A-register is added to the X-register, X is 
transferred to A, and the sum is stored in X. When the 
last key was a "+"or "-" key, the number in A is added 
to the number in X without destroying the value of A. 
The sum is stored in X. 

Subtraction Key, "-" 

If the previous key was not a "+" or "-" key, the 
number in the X-register is subtracted from the number 
in the A-register, X is transferred to A. and the differ
ence is stored in X. When the last key was a "+"or"-" 
key, the number in A is subtracted from X without 
destroying the value of A. The result is stored in X. 

Multiplication Key, "x" 

If there has not been a x or "-c" key since the last 
terminator key ("=" or "%"),the value of the X-register 
is copied into the Y-register and the calculator is set to 
the chain multiply mode. In a chain calculation in which 
there has been an "x" key since the last terminator c 
"+" key, X is multiplied by Y and the resulting product 
is stored in both X and Y; if a "+" key has occurred 
since the last terminator or "x" key, depression of "x" 
will divide the Y-register by the X-register. with the 
quotient stored in both X and Y. 

Division Key, "-;-" 

If there. has not been an "x" or "+'.' key since the .last 
terminator key ("=",or "%"),the value of the X-register 
is copied into the Y·register and the calculator is set to 
the chain divide mode. In a chain calculation, if an "x" 
key has occurred since the last terminator or"+" key, X 
is multiplied by Y and the product is stored in both X 
and Y; if a "+" key has occurred since the last termina
tor or "x" key, depression of "-c" will divide the 
Y-register by the X-register, with the quotient stored in 
both X and Y. 

TABLE I. Mode Summary 

MODE KEYS THAT SET MODE 
DESCRIPTION 

(See Calculation Examples) 

CE Depression of an "=" or "% .. key will multi· 

;.} With calculator previously ply the X-register by the Y-register and re-

in chain multiply place X with the product. Y remains unchanged. 

CONSTANT PWR 
MULTIPLY SOD 

INT 

SAV 

LOAN 

CHAIN x Depression of an "=" or "%" key will multi-

MULTIPLY Following a terminator or ply the X-register by the Y-register and place 
"..;.-" or "x" operation the product in X. Y remains unchanged. 

CONSTANT ;.} With calculator previously 
Depression of an "=" or "%" key will divide 

DIVIDE in chain multiply 
the X-register by the Y-register and replace X 

with the quotient. Y is unchanged, 

Depression of an "=" or Ii%" key will divide 
CHAIN Following a terminator or the Y-register by the X-register, transfer X to 
DIVIDE "-;-"or .. x" operation Y, and place the quotient in X. 
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Equal Key,"=" 

In the chain multiply mode, t.he value in the X·register is 
multiplied by the Y·register With th.e product stored in 
X. Register Y remains unchanged. In the chain divide 
mode, depression of "=" will divi.de Y by X, transfer X 
to Y, and place the quotient in X. If the calculator is in 
constant multiply, "="will multiply X by Y, place the 
product in X and retain Y. For constant divide, the X· 
register is divided by Y, the quotient is stored in X; Y 
is unchanged. 

Percent Key, "%" 

This key acts exactly like the "=" key except the value 
of X is copied into A, then divided by 100 before 
performing the required operation. 

Square-root Key, "..,r-:• 

Depression of this key will compute the square-root of 
the number contained within the X-register; no other 
registers are affected. The same results can be achieved 
by using the power "PWR" key (requires extra key
strokes) as shown in example 12; this allows producing 
a 20-key calculator (leaving off "CA" and "Y-"l with 
no sacrifice in performance. 

Function Key, "F" 

Depression of this key shifts the entry scheme from a 
direct or "primary" function mode to the secondary 
function or "shift key" mode. 

· MemoryPlus Key, "M+" (shift mode) 

The number in the X-register is accumulated into the 
M-register. Registers X and A are not changed, so the 
repeat addition or subtraction conditions that existed 
before accumulation to memory are still valid. 

Memory Recall Key, "MR" (shift mode) 

Following "MR", tl;le value of the M-register is copied 
into the X-reglster. · 

Power Key, "PWR" (shift mode) 

When the calculator is in either the chain or constant 
multiply modes, depression of "PWR" raises the number 
in the Y-register to the power of the X-register. and 
replaces X with the result. Thus, to raise two to the fifth 
power use the sequence: "2, X, 5, F, PWR." If the 
calculator is in the constant or chain divide modes, the 
value of Y is raised to the inverse of X power; i.e., the 
key sequence "5, +, 2, F, PWR" results in .the calcul
ation of 5 raised to the 1 /2 power. The original value of 
X is retained in Y and register A is cleared. The calcu· 

. lator is set to the constant multiply mode. Results 
computed with the "PWR" key are rounded to five 
places. 

Exchange Key, "EX" (shift mode) 

The X and Y-registers are exchanged. No other registers 
are effected. 

Interest Entry Keys "I" and "l/12" (shift mode) 

"I" divides the number by 100 and stores the quotient 
in X and the I-register. "l/12" divides by 1200 and 
stores the quotient in both X and I; Le., the interest 
will be compounded monthly. 

Number of Periods Entry Keys, "N" and "12N" 
(shift mode) 

The "N" key copies X directly into register N. The 
"12N" key multiplies X by 12; the product is stored in 
register N and displayed in X. 

Amount Entry Key, "AMT" (shift model 

The value of the X-register is copied into the Y-register. 
No other registers are effected. 

"INT" (compound interast) Keys, "FV" and "PV" 
(shift mode) 

The "INT-FV" key will compute future value: the sum 
of money ava.ilable at the end of n periods from the 
present date (N-register) that is equivalent to the present 
amount (Y-register) with interest i (I-register). The 
"I NT-PV" key will compute present value: the sum of 
money necessary today to accumulate the future amount 
contained in Y over n periods stored in Nat the interest 
rate per interest period that is stored in I. Thus, to 
compute future value, simply enter i, n, and amount in 
any order and press "INT-FV". For present value, press 
"INT·PV". Registers Y, N and I are not altered; X is 
replaced by the computed value and register A is cleared. 
The calculator is set to the' constant multiply mode. 

Savings Deposit Keys, "SAV-PMT ... and "SAV-FV" (shift 
mode) 

The "SAV-PMT" key will compute the amount to be 
deposited at the end of each period in a sinking fund 
for the num.ber of periods, n, contained in register N, 
at an inter~st rate, i, contained in register I, compounded 
each time period, to accumulate the desired amount, 
contained in register .Y. The "SAV-FV" key will com
pute the amount in a sinking fund. The number in Y is 
deposited at the end of n time periods (N·registerl at an 
interest rate per time period i (I-register), compounded 
each time period. Thus, to compute the requirec:l sinking 
fund deposit to accumulate a desired amount over a 
given period of time, enter i, n and .the amount in any 
order using the "I," "N" and "AMT" keys, then 
"SAV-PMT". To find the amount in the sinking fund, 
simply enter i, n and the periodic amount of deposit 
·and press "SAV-FV". Registers N, I or Y are not 
altered by the calculation, register A is cleared and 
register X contains the computed value. The calculator 
is set to the constant multiply mode.· · 
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Loan Installment Keys, "LOAN-PMT" and "LOAN
AMT" (shift mode) 

The "LOAN-PMT" key will compute the end-of-period 
payment or receipt required over the number of time 
periods contained in the N-register at an interest rate 
per time period equal to the value in the I-register to 
support a loan equal to the amount stored in the Y
register. "LOAN-AMT" computes the amount that can 
be loaned for a-gfven end-of-period payment stored in 
Y over the number of time periods contained in N 
at the interest rate per time period of I, compounded 
each time period. Thus, to compute the required 
installment· on a given loan, enter· the amount of the 
loan using the "AMT" key, the interest rate using "I" 
and the number of periods with "N", then press 
"LOAN-PMT". To compute how much can be borrowed 
given a fixed payment, enter the payment amount, 
number of periods and interest rate, then "LOAN-AMT". 
"AMT", "I", or "N" can always be entered in any 
order. Registers N, I or Y are not altered by the 
calculation; register A is cleared and register X will 
contain the computed value. The calculator is set to the 
constant multiply mode: 

NOTE: in the above explanations, only 'T' and "N" 
have been referenced for simplicity; these relate to 
interest per period ("I") and number of periods ("N"). 
In business sense, a period can be either one-month 
(i.e., interest compounded monthly) or one year (in· 
terest rate is compounded yearly,· use the "I" key, if 
monthly, use the 1/12 key. Correspondingly, the "N" 
key (for number of periods) should be used whenever 
"I" is used and 12N whenever 1/12 is used. The only 
exception would be if the interest were given as monthly 
for a period of less than one year; in this case, use "I" 
and "N". 

Sum-of-Digits Key, "SOD" (shift mode) 

Following a "+"or ''-" key, it transfers the number in 
register . X to register A and computes a first sum-of· 
digits depreciation on that number by multiplying it by 
the ratio of the number in the N-register to the sum-of
digits of N. The result is stored in X; the difference 
between the initial and final values of X, the depreciable 
value, is stored in registers Y and A. N is decremented 
by one. (Therefore, to find depreciable value, simply 
use the "EX" key.) Subsequent depressions of the 
"SOD" key will compute successive depreciation and 
depreciable value amounts using the original value of 
N and present values stored in N and A. N is decre
mented by one after each computation. The number 
to be depreciated (or the loan amount in a "Rule of 
78's" interest calculation) is always entered with a "+" 
or "-" key and the number of periods with the "N" 
key, without regard to key order. If the key preceding 
"SOD" is not "+"or "-,"the sum-of-digits computation 
is performed on the number in the A-register without 
the number in X first being transferred to A. Calculator 
mode is set to constant multiply. 
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examples 

1. ·Addition or Subtraction 2.0 

KEYS DISPLAY 
2 2 
+ 2. 
3 3 

3. 
2 3.2 
+ 5.2 
1 1 
2 12 

12. 
3 12.3 

-7.1 

2. Repeat Add or Subtract 

KEYS DISPLAY 
3 3 

3. 
3.1 

+ 3.1 
+ 6.2 
+ 9.3 

6.2 

3.2 
-12.3 

COMMENTS 

Note adding machine 
notation 

COMMENTS 

3. Chain Multiplication or Division 

a) 
KEYS 

x 
2 
x 
3 

x 
4 

2 

b) 1 
0 

2 

1 
0 

2 

c) 2 
0 

DISPLAY 

1 .. 
2 
2. 
3 
3. 
3.1 
6.2 
4 
4. 
4.2 
26.04 

10 
10. 
2 
5_ 

10 
.5 
2 
.25 

2 
20 
20. 
4 
80. 

COMMENTS 



examples (Continued) 

8 8 
10. 

7 7 
x 1.4285714 
4 4 

5.7142856 

4. Constant Multiplication or Division 

KEYS 
a) 3 

x 
2 

4 

5 

2 

b) 5 

2 

4 

5 

2 

DISPLAY 
3 
3. 
2 
6 
4 
12. 

5 
5. 
5.2 
15.6 
46.8 

5 
5. 
2 
2.5 
4 
2. 

5 
5. 
5.2 
2.6 
1.3 

5. To Perform Products of Sums 
(5+4) x (3+2)/(6+7) =? 

KEYS DISPLAY 
5 5 
+ 5. 
4 4 
+ 9. 
x 9. 

3 3 
+ 3. 
2 2. 
+ 5. 

45. 

6 6 
+ 6. 
7 7 
+ 13. 

3.4615384 

COMMENTS 

First factor in constant 
multiply 

15.6 is re-entered and 
multiplied by constant 

Second factor in 
constant divide 

2.6 is re-entered and 
divided by constant 

COMMENTS 

Chain multiply mode is 
set 

(5+4)x(3+2) is execu
ted 

45 7 (6+7) is executed 
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6. Calculate Percentage 

KEYS 
3 
0 
0 

2 
5 
x 
5 
% 

DISPLAY 
3 
30 
300 
300. 
300.2 
300.25 
300.25 
5 
15.0125 

COMMENTS 

"Live%" key 

7. Perform Add On and Discount 

KEYS DISPLAY 
a) Add-On: $125 plus 5% 

1 1 
2 12. 
5 125. 
x 125. 
5 5 
% 6.25 
+ 131.25 

b) Discount: $532.10 by 6% 
5 5 
3 53 
2 532 

532. 
532.1 

x 532.1 
6 6 
% 31.96 

500.174 

8. Perform Change Sign . 

KEYS DISPLAY 
1 1 
2 12 
+/- -12 
3 -123 

-123. 
+/- 123. 
5 123.5 
+/- -123.5 
6 -123.56 

COMMENTS 

5% of 125 is displayed 
125+5% is displayed 

6% of 532.1 is display
ed 
532.1 - 6% is displayed 

COMMENTS 

{Change sign does not 
terminate entry. 

9. Perform Exchange Registers (X+--+Y) 

KEYS 
a) 5 

x 
3 

4 
F, EX 

DISPLAY 
5 
5. 
3 
15. 

4 
5. 

20 

COMMENTS 

5 is initially constant 
multiplier 

4 is now constant 
multiplier 
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examples (Continued) 

b) 6 6 
6. 

3 3 
F, EX 6. 

.5 

Numerator and denom
inator are exchanged. 

10. Accumulate in Memory, Recall and Clear Memory 

KEYS 
a) 3 

F, M+ 
4 
F, M+ 
F, MR 
F, MC 
F, MR 

b) 5 
+ 
6 
+ 
F, M+ 
7 
+ 
F, M+ 

+ 
3 
2 

2 
+/-
F, M+ 

9 
+ 
F, MR 

+ 
F, MC 
F, MR 

DISPLAY 
3 
3 
4 
4 
7 
7 
0 

5 
5 
6 
11 
11 
7 
18 
18 

25 
3 
32 
32. 
32.2 

-32.2 
-32.2 

9 
34 

-3.2 

30.8 
30.8 
0 

COMMENTS 

Accumulate in memory 

Accumulate in memory 
Recall memory 
Clear memory 
Recall memory 

Accumulate in memory 

11 +18 is accumulated 
in M 
Repeat add 

29--32.2 is accumulated 
in M 

Accumulated value of 
Mis recalled 

Mis cleared 
M=O 

11. Raising a Number to a Power 

KEYS 

a) 25 = 32 
2 
x 
5 
F, PWR 

b) 51·5 = 11.18 

DISPLAY 

2 
2 
5 
32 

5 5 
x 5 

5' 
F, PWR 

1. 
1.5 
11.18. 

COMMENTS 

Rounded to 5 digits; 
trailing zero is sup
pressed 
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c) 3-5 =0.00412 
3 3 
x 3 
5 5 
+/- -5 
F,PWR .00412 

12. Calculating Roots 

KEYS 

a) 2\15 
5 

2 

DISPLAY 

= 2.2361 
5 
5 
2 

F, PWR 2.2361 

b) 3y'6 = 1.8171 
6 6 

3 
F, PWR 

6 
3 
1.8171 

financial examples 

Change sign 
Rounded to five digits 

COMMENTS 

Rounded to five digits 

Rounded to five digits 

1. Future Value Compound Interest Computations 

To find the accumulated amount in a savings account 
at the end of 9 years when a) $2,500 is deposited at 
5.25% interest compounded monthly, b) $3,000, 
c) $3,000 at 5% interest, d) $3,000 at 5% interest for 
10 years. 

KEYS 
a) 9 

F, 12N 

5.25 
F, 1/12 

2500 
F,AMT 
F, INT-FV 

b) 3000 
F,AMT 
F, INT-FV 

c) 5 
F, 1/12 

F, INT-FV 

d) 10 
F, 12N 

F, INT-FV 

DISPLAY 
9 
108 

5.25 
.004375 

2500 
2500 
4005.8665 

3000 
3000 
4807.0398 

5 
.00416666 

4700.5347 

COMMENTS 
Number of years 
Compounded monthly, 
stored in N 

Compounded monthly, 
stored in I 
Original deposit 
Stored in Y 
Future value 

New deposit amount 
New deposit stored in Y 
Future value 

New interest rate 
New interest rate 
stored in I 
Future value 

10 New number of years 
120 Compounded monthly, 

stored in N 
494 1.0234 Future value 

2. Present Value Compound Interest Computations 

To find the amount to be deposited to accumulate a) 
$5,000 in 7 years at 4.5% interest compounded monthly 
b) $10,000, c) $10,000 in 7.5 years. 



3: 
3: 

financial examples (Continued) U1 

"""' ..i. 

KEYS DISPLAY COMMENTS at an interest rate of 4. 75%, compounded monthly, 
N 
c..> 

a) 7 7 Number of years b) 7.5%, c) at 4.75% for 9 years. 
F, 12N 84 Comp0unded monthly, 

stored in N KEYS DISPLAY COMMENTS 
4.5 4.5 Interest a) 4.75 4.75 Interest 
F, l/12N .00375 Compounded monthly, F, 1/12 .00395833 Compounded monthly, 

stored in I stored in I 
5000 5000 Future value 6 6 Number of years 
F,AMT 5000 Future value stored in F, 12N 72 Compounded monthly, 

y stored in N 
F, INT-PV 3651.0957 Present value required 100 100 Monthly payment 

F,AMT 100 Monthly payment 
b) 10000 '10000 New future value stored in Y 

F, AMT 10000 Futue value stored in F, SAV-FV 8311.9301 Accumulated sinking 
y fund 

F, INT-PV 7302.1914 Present value required 
b) 7.5 7.5 New interest rate 

c) 7.5 7.5 New number of years F, 1/12 .00625 Compounded monthly, 
F, 12N 90 Compounded monthly, stored in I 

stored in N F, SAV-FV 9057.8807 Accumulated sinking 
F, INT-PV 7140.0271 Present value required fund 

3. Savings Computations - Period Payments c) 4.75 4.75 New interest rate 
F, 1/12 .00395833 Compounded monthly, 

To find the amount that a) must be deposited monthly stored in I 
in a savings account at an interest rate of 5.5% com- 9 9 New number of years 
pounded monthly for 5 years to accumulate $15,000, F, 12N 108 Compounded monthly, 
b) compounded, and deposited quarterly. stored in N 

F. SAV-FV 13443.173 Accumulated sinking 
KEYS DISPLAY COMMENTS fund 

a) 5.5 5.5 Interest 
F, 1/12 .00458333 Comp0unded monthly, 5. Loan Computations - Monthly Payment 

stored in I 
5 5 Number of years To find the monthly payments of a loan of $5,000 
F, 12N 60 Compounded monthly, paid over 5 years at an annual percentage rate of a) 

stored in N 18%, bl 12%, c) 7 .5% for 10 years. 
15000 15000 Future value 
F,AMT 15000 Future value stored in KEYS DISPLAY COMMENTS 

y a) 18 18 Interest rate 
F, SAV-PMT 217.7676 Monthly deposit F, 1/12 .015 Compounded monthly, DI required stored in I 

5 5 Number of years 
b) 5.5 5.5 Interest F, 12N 60 Compounded monthly, 

5.5 stored in N 
4 4 Compound quarterly 5000 5000 Loan amount 

1.375 F,AMT 5000 Loan amount stored in 
F, I .01375 Quarterly interest y 

stored in I F, LOAN- 126.9671 Monthly installment 
5 5 Number of years PMT 
x 5 
4 4 Compound quarterly b) 12 12 New interest rate 

20 F, 1/12 .01 Compounded monthly, 
F,N 20 Ouarter periods, stored stored in I 

in N F, LOAN· 11.1.22225 New monthly install-
15000 15000 Re-enter future value PMT ment 
F,AMT 15000 Future value stored in 

y c) 7.5 7.5 New interest rate 
F, SAV-PMT 656.7085 Quarterly deposit F, 1/12 .00625 Compounded monthly, 

required stored in I 
10 10 New number of years 

4. Savings Computations - Accumulated Value F, 12N 120 Compounded monthly, 
stored in N 

To find the amount accumulated a) if $100 is deposited F, LOAN- 59.35085 New monthly install-
at the end of each month for 6 years in a savings account PMT ment 

.· 
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financial examples (Continued) 

6. Loan Computations - Loan Amount 

To find the amount of a loan with monthly payments 
of $125, and an interest rate of 9% for 3 years, b) 4 
years, c) $120 for 4 years. 

KEYS DISPLAY COMMENTS 
a) 9 9 Interest rate 

F, 1/12 .0075 Compounded monthly, 
stored in I 

3 3 Number of years 
F, 12N 36 Compounded monthly, 

stored in N 
125 125 Payment amount 
F,AMT 125 Payment amount stored 

in Y 
F, LOAN· 3930.8485 Computed loan amount 

AMT 

b)4 4 New number of years 
F, 12N 48 Compounded monthly, 

stored in N 
F, LOAN- 5023.0982 Computed loan amount 

AMT 

c) 120 120 New payment amount 
F,AMT 120 New payment stored in 

y 
F, LOAN- 4822.1742 Computed loan amount 

AMT 

connection diagram 

7. Performing a Sum-of-Digits Depreciation 

Find the depreciation and depreciable value for each 
year, on an item with an initial cost of $3,500.00 and a 
salvage value at the end of 8 years of $675.00. 

KEYS DISPLAY COMMENTS 
3500 3500 
+ 3500 Enter initial value 
675 675 Enter salvage value 

2825. Calculate change 
8 8 
F, N 8. Enter period in N 
F,SOD 627.77777 1st year depreciation 
F, EX 2197.2223 Depreciable value 
F,SOD 549.30557 2nd year depreciation 
F, EX 1647.9168 Depreciable value 
F,SOD 470.83396 3rd yaar depreciation 
F, EX 1177.0835 Depreciable value 
F,SOD 392.36116 4th year depreciation 
F,EX 784.7224 Depreciable value 
F,SOD 313.88896 5th year depreciation 
F, EX 470.83344 Depreciable value 
F,SOD 235.41672 6th year depreciation 
F, EX 235.41672 Depreciable value 
F,SOD 156.94447 7th year depreciation 
F,EX 78.47225 Depreciable value 
F,SOD 78.47225 8th year depreciation 
F, EX 0. Depreciable value 

Dual·I n-Line Package 

DIGIT'] 24 DIGIT4 

DIGIT2 z 23 
DIGIT!i 

DIGIT1 J zz DIGIT& 

r 21 DIGIT7 

SWITCH KJ 
5 

20 
DIGITB 

1.NPUTS 6 19 DIGIT9 NC 

., 1 18 
READY 

voo • nsd 

s, 9 1& s~ 

s, '° 1s 5~ 

Sf 11 14 DP 

Vss 12 "s. 

TOP VIEW 

Order Number MM57123N 
See Package 22 
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MM57135 scientific calculator ROM 

general description 
The MM57135 Control ROM is programmed to perform 
the functions described when used with the MM5782 
Processor and RAM chip. Complete electrical specifica· 
tions and application data may be found in the MM5781 
and MM5782 data sheet.· . 

features 
• Enters and displays ±9.999999999 x 1099 to ±1 x 

10-99 

• Calculates internally using 12 mantissa digits to insure 
all ten displayed digits are correct 

• Left justified entry with trailing zero suppression 

• Algebraic Notation with 2 levels of parentheses 

• Arithmetic functions:+, -, X, +, 1 /X, y'X, x2 

• Constant operations (second factor) 

keyboard 

l.l~~G",;l~ 
L_J~~~~ 
~.~~f7lr-:-;l 
L:'._J~~~~ 
~~r;:;il;;!~. 
~~~~LJ 
r,:;;i~~~l+l 
~~~~~ 

Q;][}]DJQ;] 
[IJ[IJ[g[;J 
QJQJGJGJ 
1o1r--:-i lcll=l 
~~~~. 

Calculators 

• Power function: yx 

• Logarithmic functions: LN X, LOG X, ex, 1ox 

• Trigonometric functions: SIN, CQS, TAN, SIN-1, 
cos-1• TAN-1 

·• Compute in degrees, radians or gradian mode 

• Rectangular/Polar conversions 

• Degrees, minutes, seconds conversions 

• 3 full-function, addressable memories 

• Statistical fooctions: standard deviation and mean 

• ~display output .modes: floating or scientific 

• Factorial: n ! 
• Conversions:°FfC, LB/KG, IN/CM and GAULITERS 

• n, change sign, clear-all and exchange 

• Auto power-on clear 

connection diagram 
Dual-In-Line Package 

vaa 24 
11 

IRB 
23 

12 

SYNC 
22 

13 

osc 4 21 
14 

20 
15 Kl 

K2 
19 

15. 

K3 
18 

17 

K4 
17 is 

Ft 
9 16 

SKIP 

F2 
10 15 TEST 

F3 
11 14 

INB 

vss 12 13 
F4/8LK 

TOP VIEW 

Order Number MM57135N 
See Package 22 

Keyboard Matrix, Primary Functions 

SWITCH DIGIT TIMING STATES 

INPUTS D5 D6 D7 DB D9 DlO D11 D12 D13 D14 

Kl 1 2 3 0 • c + = 
K2 4 5 6 7 8 9 - x 
K3 MR MS EE cs L+ x-v [( )] M+ 

K4 LN LOG yx v SIN cos TAN R -+P -+D.MS F 

8-153 



functional description 

REGISTER CONFIGURATION 

The user' has access to 7 registers designated X, Y, P1, 
P2, M1, M2 and M3. Xis the display and entry register. 
Y is the constant register. M1, M2 and M3 are indepen
dent user-addressable memory registers that can be 
stored, recalled, added, multiplied, subtracted or divided 
with X. P1 and P2 are parentheses registers. 

All registers contain 12 mantissa digits with sign and 2 
exponent digits with sign. 

DISPLAY CONFIGURATION 

The X-register is always displayed and shown as 10 digits 
of mantissa with sign and 2 digits of exponent with sign. 
All internal calculations are done with 12 digits and dis
played rounded to ten; therefore, all displayed digits are 
accurate for all functions. Numbers are entered left 
justified with trailing zeros suppressed. 

DISPLAY FORMAT 

Floating point display output format is selected at 
power-on or by pressing "F", "FLT". If X is greater 
than 9999999999. or less than 0.000000001, the 
disp.lay is automatically in scientific notation. 

By pressing "F", "EE" all results are displayed in 
scientific notation. 

All results maintain 12 digits internally at all times. 

BATTERY LOW INDICATION 

The DS8664 digit driver can sense a low battery voltage 
condition and send a signal to input I RB of the MM5781 
which causes the display to show an "L" in the left-most 
sign position. 

READY SIGNAL OPERATION 

Output FIP of the MM5781 can be used as a "ready 
signal" to indicate calculator status. It can be useful in 

providing synchronization information during testing 
and if used with other logic. 

When the calculator is in the "idle state" and ready to 
accept a key, FIP is high (near Vgg). It remains high 
until a key is depressed and accepted, then goes low. It 
stays low until the calculation is complete then returns 
to a high state which signifies a new key may be entered. 

KEYBOUNCE AND NOISE REJECTION 

When a key is depressed, a time,out is started. A key is 
accepted as valid if it remains depressed for approxi
mately 12 ms. The key must be released for at least 12 
ms before a new key can be entered. 

ERROR CONDITIONS AND INDICATION 

In the event of an illegal operation, the calculator will 
display "Error" and X will be cleared. All other registers 
and memories are protected. Any key depressed after an 
error will use X ~ 0 for the next operator. Table I 
summarizes results and operations that will give an error 
indication. 

RANGE, ACCURACY AND SPEED 

All functions work over the mathematically allowable 
range defined by Table I. 

Transcendental functions give 10 digits of accuracy 
except near normal limits and all other functions are 
internally accurate to 12 digits. 

The calculation time of all transcendental functions 
takes less than a second; all other functions, with the 
exception of factorial computations, are executed in 
less than 1/3 second. Factorial of 69, the longest calcula
tion possible, takes less than 3 seconds. 

TABLE I. Results and Operations that Result in an Error Indication 

Results> 9.999999999 x 1099 

Results< 1 x 10-99 

Division by 0 

LOG, LN :::;:o 
yxfor v:::;:o 
TAN, SIN, COS:::O: 25 revolutions (9000°) 

TAN of 90°, 270°, etc. 
SIN-1, cos-1>1 or:::;: -10-50 

..jX <O 

OMS Conversion ;o: 1010 

X ! < 0, or not an integer 

More than two open parentheses 

More closed parentheses than open parentheses 

8tl:54' 



functional description (can't) 

KEY OPERATIONS 

Clear Key, "C" 

a) After number keys: copies Y to X 

bl After function key: clears all modes and X, Y, P1 
and P2 

c) After "F": clears all modes and all registers 

Number Keys, "O" - "9," ""' 

a) After any function key: clears X and enters number 
left justified to X 

b) After any number key: enters next number. All 
entries after tenth are ignored 

cl After "EE": enters number to exponent. Last two 
entries are used 

d) After "F": 

(-+°C) ''-" Converts X in ° F to °C 
(°C = (°F - 32)/1.8) 

(-+°F) "O" Converts X in °C to °F 
(°F = 1.8°C + 32) 

(DEG) "1" Set calc to degrees mode 

(GRAD) "2" Set calc to gradians mode 

(RAD) "3" Set calc to radians mode 

(-+ LB) "4" Replace X with X c- 0.4535924 
(-+IN) "5" Replace X with X c- 2.54 
(-+GAL) "6" Replace X with X 7 3. 785412 
(->KG) "7". Replace X with X · 0.4535924 
(->CM) "8" Replace X with X • 2.54 
(-> LIT) "9" Replace X with X • 3. 785412 

e) 1, 2, 3 after: 

"MR" Recall selected memory to X 
"MS" X to selected memory 
"M+ mode" M + X to selected memory 
"M~ mode" M - X to selected memory 
"MX mode" M · X to selected memory 
"Mc- mode" M 7 X to selected memory 
"MEXC mode" X is exchanged with selected 

memory 

Chang·e Sign Key, "CS" 

a) After "EE": change sign of exponent of X 

b) After "F".: (FLT) set calc to Floating Point mode 

c) After any other key: changes sign of X mantissa 

Positive/Negative SummiQg Key,,,.'£,+/'£-" 

a) Used to enter data points for computation of mean 
and standard deviation: 

Sums X to M 1 (Lx) 
Sums x2 toM2 ('f,x2) 
Adds 1 to M3 (N) 

bl After "F": ('£-)used to delete data points: 
Subtracts X from M 1 
Subtracts x2 from M2 
Subtracts 1 from M3 

Accumulative/Factorial Key, "M+/X!" 

a) Sums X to M1 

b) After "F": (X !) replaces X with. X-factorial 

Coordinate Conversion Key, "R <+ P" 

a) Converts contents of X and Y in rectangular coordi
nates to polar coordinates: reset calculator mode 

.Jx2 + y2 toy 

TAN-1 Y/X to-X 

b) After "F": (P -+ R) converts contents of X and Yin 
polar coordinates to rectangular coordinates: resets 
calculator mode: 

YSINX->Y 
Y COS X-+ X 

Note: R <+ P works in all four quadrants 

Square Root/Square Key, '\/x;x2" 

a) Square root of positive value of X to X 

b) After "F": (X2) X-squared to X 

Second Function Key, "F" 

Sets F mode 

Memory Store/Mean Key, "MS/X" 

a) Sets memory store mode 

b) After "F": (X) divides M1 by M3 and puts result in 
X; this gives mean of data summed using 2:+ key 

Memory Recall/Standard Deviation Key, "MR/SD" 

a) Sets Memory Recall mode 

b) After F: (S.D.) computes standard deviation of data 
entered with the 2:+ key, using the relationship: 

SD= 

2 ('£X)2 
l:X --

N 

N-1 

(M1)2 
M2--

M3 

M3-1 

-..x 

l:X, 2:X2 and N . may be recovered from M 1, M2 
and M3 

Enter Exponent Key, "EE/SCI" 

al Sets enter exponent mode, displaying 00 in exponent 
position 

b) After F: (SCI) sets the calculator to display using 
scientific notation 

Common Log Key, "LOG/10x" 

a) Common logarithm ofX to X (base 10) 
b) After "F": (1QX) 1ox to X 

Natural Log Key, "Ln/eX" 

a) Natural logarithm of X to X (base e) 
b) After "F": (eX) ex to X 

8·155c 



functional description (con't) 

Decimal to Degrees Conversion Key, "D.MS" 

a) Replaces the decimal angle in X with its degrees 
(or hours), minutes and seconds conversion 

b) After "F": (DMS) degrees (or hours) minutes and 
seconds in X is converted to decimal angle 

Trigonometric Keys, "SIN, COS, TAN" 

a) Replaces the decimal angle in X with the indicated 
trigonometric function 

b) After "F": replaces X with the decimal angle of the 
indicated inverse trigonometric function 

Power/Reciprocal Key, "YX/1/X" 

a) If not in chain mode: copy X to Y set yx chain mode 
b) After "+, -, X, 7, yx key: copy X to Y, set yx 

chain mode 
c) In chain mode: perform the specified function of X 

and Y putting the result to X and Y, set yx chain 
mode 

d) After "F": reciprocal of non-zero value of X to X 

The Four Function Keys, "+, -, X, 7" 

a) If not in chain mode: copy X to Y, set the specified 
chain mode 

b) After "+, -, X, 7, yx " key: copy X to Y, set chain 
mode 

c) In chain mode: perform the specified function of X 
and Y putting the result to X and Y, set the specified 
chain mode 

d) After "F," "MS" or "MR": set the appropriate 
memory mode (M+, M-, MX, M7) 

Equal Key,"=" 

a) In chain mode: perform the specified function of X 
and Y, putting the result to X and save the last num
ber displayed in Y, set the constant mode 

b) In constant mode: perform the specified function of 
X, Y putting the result in X 

c) After "F": (CF) reset F mode 

Exchange Key, "X +> Y IX +> M" 

a) Exchange X and Y 

b) After "MS," "MR" or "F": (X ..,. M) sets calculator 
to MEXC mode 

Open Parentheses, "[(/2rr" 

a). Copy Pl to P2, copy Y to Pl. Copy Pl mode to P2 
mode, copy the calculator mode to Pl mode, reset 
calculator mode 

b) After "F": (2rr) enter 2 Pi to X (6.283185307) 

Close Parentheses/Pi Key,")] /rr" 

al In chai~ mode: perform the specified function of X, 
Y putting the result to X. Copy Pl to Y, copy P2 to 
Pl, clear P2. Copy P2 mode to Pl mode, copy Pl 
mode to the calculator mode, reset P2 mode 

b) Not in chain mode: Pl to Y, P2 to Pl, clear P2, Pl 
mode to calculator mode, P2 mode to Pl mode, 
reset P2 mode 

cl After "F": (rr) enter Pi to X (3.14159765359) 

TABLE II. Example Showing Parentheses Registers and Modes 

6 x (2(8-5) + 2) 

x YMODE Pl MODE P2MODE 

6 6 

x 6 6X 
( 6 6 6X 

2 2 6 6X 
yx 2 2 yx 6X 
( 2 2 2 yx 6X 

8 8 2 2 yx 6X 
- 8 8- 2 yx 6X 

5 5 8- 2 yx 6X 

I 3 2 yx 6X 
+ 8 8+ 6X 

2 2 8+ 6X 

I 10 6X 
= 60 10 X (canst) 

10 is constant multiplier 



Calculators 

MM57136 RPN scientific calculator control ROM 

general description' 
The MM57136 Control ROM is programmed to perform 
the functions described when used with the MM5782 
Processor and RAM chip. Complete electrical specifica: 
tions and application data may be found in the MM5781 
and MM5782 data sheet. 

features 
• Enters and displays ±9.999999999 X 1099 to ±1 X 

10-99 

• Calculates internally using 12 mantissa digits to insure 
all ten displayed digits are correct 

• Left justified entry with trailing zero suppression 

• Reverse Polish Notation (RPN) 
• Arithmetic functions: +, -, X, 7, .1/X, y'X, x2 

• Power function: yx 

• Logarithmic functions: LN X, LOG X, ex, 10x 

keyboard 

[JJ;l[ajr;;;;J~ 
~~~~ 

r-;:;;-i~wl/l~ 
~~~~~ 
~Nr-71~~ 
~LJ~~~ 
r;;;;;-i~r;;lrc;-i~ 
~~~~~ 
j;i\;1'911"=1 
~~~~ 

[}][TI[J;J[IJ 
1,11z1r;::-in 
~~~~ 

QJ[;]DJ[IJ 

• Trigonometric functions: SIN, COS, TAN, S[N-1, 
cos-:-1• TAN-1 

• Compute in degrees, radians pr gradian mode 
• Rectangular/Polar conversions 

• Degrees, minutes, seconds conversions 

• 3 full-function, addressable memories 

• 4-register working stack with ROLL, CLEAR and 
EXCHANGE capability 

• Statistical functions: standard deviation and mean 
• 4 display output modes: floating, scientific, fixed 

or engineering 
• Factorial; n ! 
• Conversions:°F/°C, LB/KG, IN/CM and GAL/ 

LITERS 

• rr, change sign and clear-all 
• Percent and percent difference functions: %, A% 

• Auto power-on clear 
• Auto display cut-off for extended battery I ife 

connection diagram 
Dual-In-Line Package 

voo .....!. 

IRB.2, f!-12 
SYNC_! #-13 
osc...! f!-14 

Kl_..!. ~15 

K2 __!. f!-15 
Kl _l f!-11 

8 i!:!-18 K4-

Fl_!. ~SKIP 

F2...!!_ il!-rnr 
Fl..!.!, il!-1NB 

vss..!l t1!-F4/BLK 

TOP VIEW 

Order Number MM57136N 
See Package 22 

Keyboard Matrix, Primary Functions 

SWITCH DIGIT TIMING STATES 

INPUTS D5 D6 D7 08 09 010 011 012 013 014 

Kl 1 2 3 0 . c - + 

K2 4 5 6 7 8 9 x ~ 

K3 MR MS EE cs :E+ % EXC EN ROLL M+ 

K4 LN LOG 1/X v SIN cos TAN R->P -> D.MS F 

'!<8\-f.67 

D 



functional description 

REGISTER CONFIGURATION 

The user has access to 7 registers designated X, Y, Z, T, 
Ml, M2 and M3. X is the display and entry register and 
the bottom of an "operational" stack that includes Y, Z 
and T. Ml, M2 and M3 are independent user-addressable 
memory registers that can be stored, recalled, added, 
multiplied, subtracted, divided or exchanged with X. 

All registers contain 12 mantissa digits with sign and 2 
exponent digits with sign. 

DISPLAY CONFIGURATION 

The X-register is always displayed and shown as 10 digits 
of mantissa with sign and 2 digits of exponent with sign. 
All internal calculations are done with 12 digits and 
rounded to ten; therefore, all displayed digits are accurate 
for all functions. Numbers are entered left justified with 
trailing zeros suppressed. 

DISPLAY FORMAT 

Floating point display output format is selected at power
on or by pressing "F", "OS", ".". If X is greater than 
9999999999. or less than 0.1, the display is automatically 
in scientific notation. 

The number of decimal places displayed can be selected 
by pressing "F", "DSP" and a number·key (0-9). The 
display is rounded to the selected cjecimal position. A 
result too large or small to show with the selected posi
tion is displayed in scientific notation. 

By pressing "F", "ENG" all results are displayed in 
modified scientific notation with exponents of 10 that 
are multiples of 3. 

All results maintain 12 digits internally at all times. Only 
the display is affected when "'DS" is used to reduce the 
number of decimal positions. The unrounded result may 
be viewed by returning to the floating point mode. 

DISPLAY CUT-OFF 

If no key is depressed for approximately 32 seconds, an 
internal display cut-off circuit will turn off the entire 
display except for segments .C, D, E and G of the left
most digit. Depression of any key will restore the display. 
Input INB of the MM5781 must be wired to Voo to 
enable the display cut-off feature. If INB is left floating, 
no display cut-off will occur. 

BATTERY LOW INDICATION 

The DS8664 digit driver can sense a low battery voltage 
condition and send a signal to input I RB of the MM5781, 
which causes the display to flash an "L" in the left-most 
sign position. 

READY SIGNAL OPERATION 

Output FIP of the MM5781 can be used as a "ready 
signal" to indicate calculator status. It can be useful in 
providing synchronization information during testing 
and if used with other I ogic. 

When the calculator is in the "idle state'.' and ready to 
accept a key, FIP is high (near Vssl. It remains high 
until a key is depressed a11d accepted, then goes low. 
It stays low until thecalculation is complete, then returns 
to a high state which signifies a new key may be entered .. 

KEYBOUNCE AND NOISE REJECTION 

When a key is depressed, a time-out is started. A key is 
accepted as valid if it remains depressed for approxi
mately 12 ms. The key must be released for at least 12 
ms before a new key can be entered. 

ERROR CONDITIONS AND INDICATION 

In the event of an illegal operation, the calculator will 
display "Error" and X will be cleared. The other registers 
in the stack and all memories are protected. "Any key 
depressed' after an error will use X = 0 for the next 
operator. Table 2 summarizes results and operations that 
will give an error indication. 

TABLE II. Results ancl Operations that Result in an 
Error Indication 

Results> 9.999999999 x 1099 

Results< 1 x 10-99 

Division by 0 

LOG, LN~O 

yx for Y ~O · 

TAN, SIN, COS> 25 revolutions (9000°) 

TAN of angles at or near ±oo asymptotes 
's1w-1, cos-1>1or~10-50 

v1X < 0 

OMS Conversion<:: 1010 

X! < 0, not an integer, or> 69 

RANGE, ACCURACY AND SPEED 

All functions work over the mathematically allowable 
range defined by Table 11: 

Transcendental functions give 10 digits of accuracy 
except near normal limits and all other functions are 
internally accurate to 12 digits. 

The calculation time of all transcendental functions 
takes less than a second; all other functions, with the 
exception of factorial computations, are executed in 
less than 1/3 second. Factorial of sg, the longest calcula
tion possible, takes less than 3 seconds. 



functional description (con't) 

I ::::t==:::::::!'T 

:=lz==~lz 
I Y Iv 
;:::lx====:lx 

I m3 I M3 
l;::m=2=====:1 M2 

I m1 I M1 
~----~ 

FIGURE 1. User Register Configuration· 

KEY OPERATIONS 

Clear Key, "C" 

a) Pushes down stack and clears T. Four "C" depres
sions will clear a completely full stack 

b) After "F": Clears all registers including the memories 

Number Keys, "O" ~ "9," "-'' 

a) After any function key except "EN": pushes up 
stack, clears X and enters number left justified to X 

b) After any number key: enters next number. All 
entries.after tenth are ignored 

c) After "EE": enters number to exponent. Last two 
entries are used 

d) After "EN": clears X and enters number in X 
e) After "DS": load decimal select position for fixed 

decimal output mode 
f) After "F'': 

(->°C) "·" Converts X in °F to °C 
(°C = (°F - 32)/1.8) 

(->°F) "O" Converts X in °C to °F 
(°F = 1.8°C + 32) 

(DEG) "1" Set calc to degrees mode 
!GRAD) "2" Set calc to gradians mode 
(RAD) "3" Set calc to radians mode 

(->LB) "4" 
(->-IN) "5" 
(->GAL) "6" 
(->KG) "7" 
(->CM) "8'' 
(->LIT) "9" 

g) 1, 2, 3 after: 

Replace X with X 7 0.4535924 
Replace X with X 7 2.54 
Replace X with X 7 3.785412 
Replace X with X • 0.4535924 
Replace X with X · 2.54 
Replace X with X • 3.785412 

"MR" Push up stack, recall selected mem-
ory to X 

."MS" X to selected memory 
''.M+ mode" M + X to selected memory 
'lM- mode" M - X to selected memory 
"MX mode" M • X to selected,memory 
"M7 mode" M 7 X to selected memory 
"MEXC mode" X is exchanged with selected 

memory 

Change Sign Key, "CS/DS" 

a) After "EE": change sign of exponent of X 
b) After "F": IDS) set calc to Decimal Select mode 

c) After any other key: changes sign of X mantissa 

Positive/Negative Summing Key, ''"'£+/'i,-" 

a) Used to enter data points for computation of mean 
and standard deviation: 

Sums X to M.1 (~X) 
Sums x2 to M2 (~X2) 
Adds 1 to M3 (N) 

b) After "F": ('£-)used_ to _delete data points: 
Subtracts X from M 1 
Subtracts x2 from M2 
Subtracts I from M3 

Accumulative/Factorial Key, "M+/X!" 

a) Sums X to M1 
b) After "F": (X !) replaces X with X-factorial 

Coordinate Conversion Key, "R <+ P" 

a) Converts contents of X and Y in rectangular , 
coordinates to polar coordinates: 

..jx2 + y2 to Y 

TAN-1 Y/XtoX 

b) After "F": (P-> R) converts contents of X and Yin 
polar cpordinates to rectangular coordinates: 

YSIN X->Y 
Y COSX-> X 

Note: R <+ P works in all four quadrants 

Square Root/Square Key, "../X/x2" 

a) Square root of positive value of X to X 
b) After "F": (X2) X-squared to X 



functional description (con't) 

Reciprocal/Power Key, "1/Xjvx" 

a) Reciprocal of non-zero value of X to X 

b) After "F": (YX) computes power, pushes down stack, 
clears T 

Enter Key, "ENT/CF" 

a) Pushes up stack, retains X 

b) After F: (CF) res_ets F mode 

Second Function Key, "F" 

Sets F mode 

Memory Store/Mean Key, "MS/X" 

a) Sets memory store mode 

b) After "F": (X) divides M1 by M3 and puts result in 
X, this gives mean of data summed using E+ key 

Memory Recall/Standard Deviation Key, "MR/SD" 

a) Sets Memory Recall mode 

b) After F: (S.D.) computes standard deviation of 
data entered with the E+ key using the relationship: 

SD 

2 - (EX)2 
EX - -

N 

N - 1 

M2.-
(M1)2 

M3 

M3-1 
-+ x 

EX, :zx2 and N may be recovered from M1, M2 and 
M3 

Enter Exponent Key, "EE/ENG" 

a) Sets enter exponent mode, displaying 00 in exponent 
position · 

b) After F: (ENG) sets the calculator to the engineering 
mode, which displays all numbers with an exponent 
in multiples of 3. 

Stack Rotate/Pi Key, "ROLLhr" 

a) Rolls stack down 

b) After F: (tr) pushes up stack and enters tr, 

3.14159265359 to X 

Exchange Key "X.., Y/X*" M" 

a) Exchanges X and Y 

b) After MS, MR or F: IX+> M) sets calculator to MEXC 
mode 

Percent/Delta Percent Key, "%/A%" 

a) Calculates percent by: 

X·Y 

100 

b) After F:(Ll%) percent change between X and Y to X, 
and difference to Y: 

Y-X 

x 100-+ X, and Y - X-+ Y 

Common Log Key, "LOG/1QX" 

a) Common logarithm of X to X (base 10) 

b) After "F": (10X) 1ox to X 

Natural Log Key, "Ln/eX" 

a) Natural logarithm of X to X (base e) 

b) After "F": (eX) ex to X 

Decimal to Degrees Conversion Key, "D.MS" 

a) Replaces the decimal angle in X with its degrees 
(or hours), minutes and seconds conversion and sets 
the decimal select to four. 

b) After "F": (DMS) degrees (or hours), minutes and 
seconds in Xis converted to decimal angle 

Trigonometric Keys, "SIN, COS, TAN" 

a) Replaces the decimal angle in X with the indicated 
trigonometric function 

b) After F: replaces X with the decimal angle of the 
indicated inverse trigonometric function 

The Four Function Keys,"+,-, x, 7" 

a)Addkey:Y+X-+X J 
Subtract key: Y - X -+ X 
M_ul_tiply key: Y · X-+ X 
D1v1de key: Y c- X-+ X 

b) After MS, MR or F: 
"+" Sets M+ mode 

Sets M- mode 
"X" Sets Mx mode 

Sets MC- mode 

Then push down 
stack and clear T: 
0-+T-+Z-+Y 

8-160 



summary 

Summary of Stack Operations 

(Ml, M2, Ml UNCHANGED) 

~' 
~LOST 
t- r---T :_J ;--·-~ 

I +, -, X, ~. yx I 

~ . \\ : T 

z .. \ z 
Y\~y 
·~·x 

FIRST 

~ AFTER FUNCTION KEY 

r-LOST 

t___/ r .. T 

z---./ r--z 
y__/ ,_.r-Y 
,____/ ~x 

NUMBER~ 

IT:I]AFTER~ OR 5J 
--'-------- T 

--------z 
v------_,_.y 

NUMBER X 

B-161 

SIN, COS, TAN, SIN-1, cos-1, TAN-1, cs 
LN, LOG, 10x, ••• 1/X, v'.X. x2, X!, SD., X, KG, 
C:M, LT, LB, IN, GAL, 'F, 'C:, OMS->, ->OMS,% 

--------r ______ _, ... z 

y y 

f (x) X 

---------T 
---------z 

Y\r---1fy 
·~x 

I ROLL I 
t~· T z z 
y . y 

x x 

~AFTER FUNCTION KEY OR 

[3 
,-LOST 

1 ___/ ,-----T 
,___/ ~-z 
y------' ~y 

x~X 
n, 1 

~AFTER NUMBER K.EY OR 

I OS, DEG, RAD, GRAD, ENG, CF, F ______ _,_.r 

---------z 
--------Y 
--------x 

ERROR 

--------T ______ _,_z 

y y 

~ \\. .. x 
. LOST 
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summary (con't) 

(n= 1,2, 3) 

~ 
~LOST 

t__J ~T 
~---z , I v 
·v~x 
x. c 

mn . Mn 

~ -------T 
-------z 
v-------v 

. : x x \ 
mn~ - Mn 

'---LOST 

MS,+, n 
MS,o-, n 
MS,X,n 
MS, -,n 

-- T 

z 
y y 

x· x 
___r-:LOST 

~Mn mn 

) 

. Summary of Operations Using Memory(sl 

IM, EXC, n I 
-------T 
-------z 
y--------Y x---.x 

mn---

[E] 

: : 

------~T 
-------z 
v-------v 
x-------x 
m3~M3 

m2~M2 

m1~.M1 

POWER "ON" OR 

~ 
T 

0 z 
0 y 

x 
0 MJ 

0 M2 

0 Ml 

g.rsi' 

~ --------T 
------~-z 

v--------v 

m~~~1 

ERROR 
OVERFLOW INTO MEMORY 

------~T 

-------z 
y ---'------- y 

0 ===:\.____ x . 
x .\ • M 

mn~LOST 

~ 
T 

z 
y . y 

x x 
m3 -GG}---Ml 

m2~M2 

m1-GG}---M1 



CALCULATOR CHIP MAKES A COUNTER 

INTRODUCTION 

In applications that require counting at fairly low rates 
and display of the accumulated total, the MM5736 
calculator chip can be used to yield a very low parts 
count solution. Such applications include: timers, stop· 
watches, bin counters, digital panel meters, ·coordinate 
counters and. nearly all applications that currently use 
mechanical counters. A 6 digit counter that will drive a 
LED display and count at a maximum rate of about 
60 Hz can be constructed with only 2 integrated circuits. 
Higher counting rates, simplified control, and more 
versatile display driving capability can be obtained with 
the addition of a few more components. Counting is 
accomplished by loading a "1" into the cal.culator and 
causing an "add" each time the counter is incremented. 
But before describing any actual counters, a brief 
explanation of the calculator's operation is in order. 
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Calculators 

GENERAL DESCRIPTION 

The MM5736 is a 6 digit, no decimal point, five function 
calculator. These five functions are: ADD, SUBTRACT, 
MULTIPLY, DIVIDE, and CLEAR. The calculator has 3 
inputs (K 1 , K2 , K3 ) that are designed to be driven by a 
keyboard matrix and two sets of outputs: 6 "digit" 
outputs and 7 "segment" outputs. The segment outputs 
provide a positive true, 7 segment code that represents 
the information in the calculator's display register. 
These outputs are multiplexed such that the 7 segment 
code for digit 1 appears on the segment outputs during 
digit time 1. The code for digit 2 appears during digit 
time 2 and so on as illustrated in Figure 1. These 
outputs are designed to drive a LED readout in a 
"digit" multiplexed manner by strobing the LED char
acters with the digit outputs. The digit outputs can not 
drive the LED display directly and must be buffered 

SEGMENT 
DESIGNATION 

FIGURE 1. Display Timing Diagram 
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drive some LED displays directly but the designer must 
choose the display carefuHy if he does not wish to use 
segment drivers. National's line of low current LED 
displays, such as the NSN66A and NSN98A, can be 
driven directly by the calculator chip. 

ENTRY INTO THE CALCULATOR 

Numbers are entered into the calculator by connecting 
the appropriate digit output to either the K1 or K2 

input. Arithmetic operations (and the clear operation) 
are initiated by connecting the appropriate digit output 
to the K3 input. Table I shows the combinations of digit 
outputs and K inputs. 

TABLE I. 

Digit 

# Ki K2 K3 

1 0 CLR 

2 1 6 
3 2 7 -

4 3 8 + 
5 4 9 x 
6 5 

Note: Blanks are illegal connections. 

Switch debounce is done in the calculator chip and is 
accomplished by requiring that the digit output of 
interest be connected to the proper input for at least 8 
consecutive word times (see Figure 1). Before another 
entry can be made, at least 8 word ti mes must elapse 
during which none of the digits outputs are applied to 
the K inputs. This requirement limits the speed of the 
calculat.or but is necessary to provide an adequate 
debounce timeout. A method of speeding up this time· 
out is discussed later. 

POWER REQUIREMENTS 

The MM5736 will operate from a single supply voltage 
anywhere between 6.5V and 9.5V. The calculator chip 

START 

itself will draw about 6 mA. If a LED display is driven 
directly, without segment drivers, the current that drives 
the display must come through the calculator so the 
total power supply current could be as high as 110 mA 
but will wpically be about 50 mA. This is dependent 
to some extent on the supply voltage and the nature of 
the particular digit drivers that are used. 

NO POWER SUPPLY RAMP ALLOWED 

The power supply voltage must come up to an opera· 
tional level fairly quickly since a slow ramp will not 
always initialize the calculator properly. The chip was 
designed for battery operation where the de source is 
switched. If the chip is used in a system with a heavily 
filtered power supply, some provision should be made 
to allow the V55 terminal of the calculator to rise 
abruptly. After power up, the calculator should be 
cleared twice to ensure that all registers are reset to zero. 
The first CLEAR operation affects only the display 
register, the second CLEAR affects all other registers. 

CMOS COMPATIBILITY 

The MM5736 is directly compatible with Nationals' 74C 
line of CMOS. The number of CMOS loads the calculator 
can drive is limited only by degradation in waveshape. 
due to capacitive loading. Loads of 200 pF or less should 
present no problem to the digit outputs but the segment 
outputs should not be loaded with more than about 
50 pF. This means fanout should be limited to abou.t 10 
on the digit outputs and 4 on the segment outputs. The 
CMOS can be run from the same supply as the calculator 
and still drive the calculator inputs directly. This 
compatibility makes interfacing with the calculator a 
breeze. 

SIMPLEST COUNTER 

Figure 2 shows a 6 decade counter that drives a display 
and requires a minimum of parts. This circuit's 
maximum counting rate will typically be about 60 Hz. 
Some chips may run as slow as about 40 Hz while some 
may run as fast as 150 Hz due to inherent variations 
of the on·chip oscillator from calculator to calculator. 
This counter is useful in applications where speed is not 

FIGURE 2. Simplest Counter 
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an important factor and where the counter is ·reset 
manually. The resetting of this circuit consists of two 
operations, clearing the calculator and entering a 1 into 
it again (only one CLEAR operation is needed following 
an arithmetic operation). The circuit in Figure 2 leaves 
these two operations to the operator; he must firstclear 
the counter by depressing S1 to the CLEAR position 
and then he must enter a 1 into the machine by depress· 
ing S2 to the START position. This allows the operator 
to control when the counting starts without gating the 
"count" input. 

In case the impact of this escaped you, let's repeat it: 
the circuit in Figure 2 demonstrates a 6 decade counter 
and everything that is needed to drive a 6 digit LED 
display, yet this circuit requires only two integrated 
circuits! 

Figure 3 indicates how to build this same counter using 
segment drivers. The DM8895 segment driver can be 
mask programmed to source several values of current. 
Since. the values of current that are readily available will 
change from time to time, National should be consulted 
about the DM8895 before a design using it is under· 
taken. The general range of currents available is from 
5.0 mA up to about 17 mA per segment. This means 
that fairly large displays can be used. Noteworthy is the 
fact that the current that drives the display in this 
configuration is not supplied by the calculator chip. 
Instead, this current comes from the V cc supply 
terminal of the DM8895. The DM8895 will continue to 

operate as long as the voltage between the V cc terminal 
and each output is at least 1.6V. This means V cc can be 
operated at a lower level than V55, resulting in a power 
saving. The voltage on an output of the DM8895 when 
the segment is ON is determined by the saturation volt· 
age of the. digit driver (typically 1.0V for the DM75492) 
and the voltage across the LED (typically about 1.8V). 
Consequentially the typical minimum value of Vee is 
abo.ut 4.4 V. Worst case conditions will result in a 
minimum Vee of about 5.3V. 

Figure 4 again indicates how to build this same counter 
but this time using different segment drivers. In this cir· 
cuit, the current drive to the LED's is determined by the 
external current limiting resistors. Here again the current 
to the display is supplied by V cc which can. be less than 
V55, again resulting in a power saving and the ability to 
drive large LED displays. 

SELF STARTING COUNTER 

With the addition of only one package of CMOS gates, a 
counter can be built that does not require a separate 
"start" operation to enter an initial 1 into the calculator 
chip. This circuit is shown in Figure 5. When the RESET 
switch is returned to its normal position after clearing 
the calculator, the additional parts generate a delayed 
pulse that gates digit output 2 into the calculator and 
thus enters a 1. This allows the counter to be reset in a 
single operation. 

FIGURE 3. Counter with Segment Drivers 
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FIGURE 4. Counter with Segment Drivers and External Current Limiting Resistors 
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FASTER COUNTING RATES 

Figure 6 illustrates how to speed up the circuit shown in 
Figure 5 so that it will count at a higher rate. The actual . 
maximum counting rate attainable with this circuit will 
depend on the particular MM5736 used but will rim 
from about 80 Hz up to about 300 Hz. A reasonably 
typical speed is about 120 Hz. This circuit could also be 
used with segment drivers as previously described. The 
increase in counting rate is obtained by feeding digit 
output 6 back to the digit 4 output thereby fooling 
some internal logic. However this results in a double 
pulse on the digit 4 output which must be gated back to 
a single pulse at the normal digit 4 time. This requires 
one diode and one additional package of CMOS gates. In 
reality. very few relays or switches will operate at these 
speeds. Consequently, applications requiring these higher 
counting rates may have a normal logic signal to count 
rather than relay closures. Figure 8 illustrates this. In 
this configuration the input must be high at least 4 word 
times and the duty cycle cannot exceed 50%. A word 
time will vary from 420µs to· 1.6 ms with 1.0 ms beirig 
typical. 

MORE VERSATILITY 

These counters can be made to count by numbers other · 
than 1 by causing the desired number to be entered into 
the calculator during the START operation. Table I 
indicates which connections must be made. The counters 
can also be made to count down by doing successive 
subtractions rather than successive additions. Both could 
be u'sed to build an up/down counter, the .only restric· 
tion being that trying to. count ·up and down at the same 
time is no fair. Figure 7 shows a circuit that counts up 
and down by 4's. Such a counter might be used to keep 
track of inventory in a bin. In this case, the parts to be 
inventoried are packaged in groups of 4; When a package 
.is put into the bin, switch S2 is activated and the 
counter adds 4 to the accumulated total. When a pack· 

6.5-9.5V 

age is taken out of the bin, switch S3 is activated and the 
counter subtracts 4 from the accumulated total. 

RETAINING FULL USE OF THE CALCULATOR 

Counters can be built such that full use of the calculator 
is retained. This requires that the usual keyboard ar
rangement of the calculator be undisturbed by the 
counting logic. Figure 8 illustrates a circuit that uses 
MOS transistors to accomplish this. In this circuit, 
normal calculator operation is retained when S2 is in the 
"calculate" position since all four MOS transistors 
(01-04) are "off" (gates are at V eel and the circuit is 
essentially the, same· as the "recommended calculator" 
circuit in the MM5736 data sheet. If the "RESET" 
switch is activated 01 is connected to K3 and the 
calculator is cleared. Capacitors C 1 and C2 are dis
charged while S1 is activated but as soon as S1 is 
released Cl and C2 will charge up generating a delayed 
pulse (negative going) on the gate of 02 which gates 02 
into K1 and causes a 1 to be entered into the calculator. 
The delay caused by Cl is necessary to allow the 
CLEAR function to be debounced by the calculator chip 
as mentioned earlier. When S2 is in the "COUNT" mode 
04 is turned on 'and 06 is tied to 04. This doubles the 
maximum counting rate by reducing the internal 
debounce timeout. The count input is now enabled and 
an input pulse will turn 01 on. This gates 04 into the 
K3 input and causes the calculator to perform an 
addition. Each subsequent input pulse causes 1 to .be 
added to the sum. When S2 .is returned to the "cal· 
culate" position the count input is disabled and 04 
is . turned off returning the keyboard logic to its 
normal state. This same circuit can be implemented 
with MM74C02 NOR gates instead of MM74COO 
NANO gates. The MOS transistors can then be replaced 
with an MM5616 CMOS switch. 
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FIGURE 8. Calculator/Counter 

SUMMARY 1. The ability to directly .drive a LED display. 

Many versatile counters can be built using the MM5736 
or its 9-digit equivalent, the MM5739, calculator chips. 
These counters should yield v,ery cost effective solutions 
to a variety of counting applications. The major dis
advantage of these counte.rs is that they are relatively 
slow. The major advantages these counters offer are: 

2. The ability to debounce switch or relay inputs. 

. 3. 6 decades of counting in one DIP. 

4. Low cost. 

5. Low parts count. 
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CALCULATOR LEARNS TO KEEP TIME 

INTRODUCTION 

A number of interesting stopwatch and elapsed time 
functions· can be implemented using the MM5736 calcu
lator chip and a. few packages of CMOS gates. This note 
describes six different circuits that are intended to 
stimulate thinking along these lines. The circuits to be 
described are listed below. 

1. Stopwatch with 1/10 second resolution 
2. Stopwatch with 1/100 second resolution 
3. Stopwatch/calculator (1/10 second resolution) 
4. Stopwatch/calculator (1 /100 second resolution) 
5. Stopwatch with 1/10 secs, secs, mins display 
6. Interval timer with keyboard and alarm 

With the exception of circuits 5 and 6 all of these cir
CIJits work in deeimal fractions of seconds. They do not 
display-in seconds and minutes_ Circuit 6 displays minutes 
and tenths of minutes but not seconds. Circuit 5 displays 
tenths of seconds, seconds and minutes. It is anticipated 
that a number of applications can be satisfied by counting 
'in only one unit, either seconds or minutes. 
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Calculators 

In all these circui.ts, the MM5736 calculator chip is used 
in the autosumming mode as a counting and display 
element. Application note AN-112 illustrates how to 
accomplish this counting. A thorough understanding of 
the ·calculator's operation as a counter can be gained 
from AN-112 and the MM5736 data sheet. Consequent
ly, the emphasis in this note is on controlling the counter 
in such a way that useful timing functions are performed. 

Two types of timebases are also described. The first, a 
CMOS RC oscillator, is depicted in all the circuits des
cribed but may not be stable enough for some applica
tions. Consequently, a simple crystal controlled timebase 
is also described. 

STOPWATCH WITH 0.1 SECOND RESOLUTION 

The circuit in Figure 1 provides the classic stopwatch 
functions of: 

A) START 
Bl STOP 
C) RESET 

'· s, SEGMENT INPUTS 

1VM5735 LED DISPLAY 
CALCULATOR SIMILAR TO NSA16tl 

Ol 04 05 06 

OM15412 
DIGIT 

DRIVER 

DIGIT INPUTS 

FIGURE 1. 1/10 Second Stopwatch 
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stopped without resetting to zero. The display will be in 
tenths of seconds and seconds. Thus, 3 minutes 11 1/2 
seconds would be displayed as 191.5 seconds. 

Circuit Description 

The RESET switch simply gates 01 into the K3 input of 
the calculator and clears it. Upon initial power up it will 
be necessary to activate RESET twice. From then on, 
only one RESET activation is necessary. 

When the COUNT switch is activated, R1 pulls up 
signal X1. This makes all the inputs to the 3 input gate 
high and gates D2 into 'input K1. This will cause a 1 to 
be entered into the calculator. Signal ~ is delayed by 
R2 and C1 and will go low about 25 ms after X1 
and shut off the 02 pulses being gated into input Kl. 
About 40 ms after this, signal X3 (which is delayed 
through R3) goes high and D4 is gated into the K3 input 
at a 10 Hz rate. This causes repeated additions and results 
in the calculator counting at this rate. When the COUNT 
switch ($1) is returned to the STOP position the 
additions will be stopped about 60 ms later (after X3 
is delayed through R3). This delay hardly seems objec
tionable since it is less than the' resolution of the counter. 
However, purists may feel the addition of CR1 is 
necessary. This will cause the counting to stop imme
diately after S1 is returned to the STOP position since 
C2 will be discharged immediately. 

The LED display shown differs from the NSA 166 only 
in the placement of the decimal point. 

Yee 

STOPWATCH WITH 0.01 SECOND RESOLUTION 

Figure 2 depicts a circuit that is identical to the one 
shown in Figure 1 except that it has a resolution of 
0.01 sec. This means the counter .must run at a 100 Hz 
rate which is normally beyond the capability of the 
MM5736. However, as described in AN-112, a trick can 
be played with D6 and 04 that will double the effective 
counting rate.ofthe calculator. This trick is accomplished 
by forcing 04 high during D6 time. SWD is a bilateral 
switch that connects D6 to 04. CR2 keeps 04 off 06; 
SWC is turned off during 06 time so the extra pulse on 
the 0.4 line will not get to either the LED display or the 
data entry logic. 

The remainder of the circuit operates exactly like the one 
in Figure 1 with the exception that some of the gating is 
implemented with the MM5616 switches. 

STOPWATCH/CALCULATOR WITH 0.1 SECOND 
RESOLUTION 

Figure 3 depicts a combination stopwatch and calculator. 
Stopwatch operation is the same as described earlier 
with the following exceptions: Transistors 01 and 02 
(which are small GP switches) are used to switch either. 
02 or 04 to the calculator inputs. This allows the key· 
board and the stopwatch logic to operate in parallel in 
what amounts to a "wire OR'ed" arrangement. Also 
there is no RESET switch ·in this circuit since the 
calculator's CLEAR key can be used to reset the time 
to zero. 

Normal "four function" calculator operation is available 
when ·s1 is in the "CALCULATE" position. 

FIGURE 2. 1/100 Second Stopwatch 
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FIGURE 3. 1/10 Second Stopwatch/Calculator 

STOPWATCH/CALCULATOR WITH 0.01 SECOND 
RESOLUTION 

Figure 4 is just a souped up version of Figure 3. It will 
count at a 100 Hz rate giving a 0.01 second resolution to 
the stopwatch. Switch S2 now needs to be OPOT type. 
One pole of the switch provides the start-stop function 
and one pole is used to switch in the "speed-up" circuit 
involving 04 and 06. The additional gating keeps the 
extra pulse from reaching the display and keyboard. 

STOPWATCH/CALCULATOR DISPLAYS MINUTES 
AND SECONDS 

The conventional time keeping format of minutes and 
seconds can be obtained with the additional logic shown 
in Figure 5. Thi.s circuit provides a display of time up to 
999 minutes, 59.9 seconds. But this requires a base sixty 
counting capability that. is not. inherent in the calculator 
chip. This .conversion is accomplished by recognizing 
when the count has gone to 60.0 seconds and then 
quickly adding 40.0 to the count, thus giving an apparent 
base 60 carry. The sequence of operations required to do 
this is: 

1. Recognize 6 in 3rd digit 
2. Enter 3 into calculator 
3. Enter 9 .into calculator 
4. Enter 9 into calculator 
5. Enter+ into calculator 

8·171 

6. Enter 1 into calculator 
7. Enter+ into calculator 
8. Resume normal operation 

This sequence leaves the calculator properly initialized 
with a "1" in it ready for more counting. Thi~ would not 
be the case if 400 was entered directly rather than as 
399 + 1. 

Circuit Description · 

The base 60 conversion is accomplished with a little 
controller that switches the Oigitoutputs to the proper 
calculator inputs through some FET switches. The 
sequencing it provided by an 8-bit counter and a decoder. 
If desired, the circuit could be re-implemented to use 
MM5616 quad switches rather than the MM552's shown. 
But, since the simplest device that will do this job is a 
MOS transistor it was chosen in this particular case. It 
also lends itself to the negative going outputs of ttie 
MM74C42 decoder. 

When the stopwatch .is counting normally (rather than 
doing a base 60 conversion) the MSB (00 ) of the 
sequence counter will be low which inhibits counting. It 
also .turns on transistor 01 which will allow the counter 
to be preset by the output of the gate that decodes a 
"6" according to the expression S0 • Sb, which is a 
simplified version of the seven segment code for "6." 
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FIGURE 4. 1/100 Second Stopwatch/Calculator 

Since the counter is clocked by 03, only a 6 in the 3rd 
digit will cause the counter to be present. Th is corres
ponds to a time of 60.0 seconds and signals the begin
ning of a base 60 conversion. The counter is preset to 
the state 1001 0000. Since the MSB is a 1, the counter's 
count enable term is enabled and its load term is dis
abled. It will now count word times on every 03. 

Reference to AN-112 will reveal that with the calculator 
"speeded uP" it is necessary to allow a digit output to be 
connected to the inputs for a minimum of 4 word times 
and then there must be at least 4 word times during 
which nothing is applied to the calculator inputs before 
the next entry is allowed. This timing is accomplished by 
0 0 of the low order counter. It toggles with a half 
period of 8 word times. This 0 0 is connected to the D 
input of the decoder which is used as an enable input. 
When th is signal is high, all outputs of the decoder are 
high and all· the MOS transistors are off. When this sig
nal is low the proper decoder output is low. So the first 
4 bits of the counter provide timing and the ne.xt 3 bits 
provide the necessary sequence of entries. The last.bit 
turns the sequence on or off. The sequence of entries is 
as described earlier and is implemented by transistors 
02-07. 
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Initialization 

When S1 is first switched to the stopwatch mode, a burst 
of 02 pulses is gated into the K 1 input by the one shot 
comprised of R2, C1 and the gate that drives 08. This 
enters a "1" to get the calculator ready to count. A little 
later, 09 will be turned on by the timebase oscillator at 
a 10 Hz rate and counti~g will begin. 

Segment Drivers 

Two DM8895 segment drivers are used in Figure 5. This 
is not absolutely necessary. The calculator can drive 
some displays directly. However, it is necessary to buffer 
both segment e and segment b to preserve proper logic 
levels for the CMOS decoding gates. This could be done 
by non-inverting CMOS buffers 1.ike the MM80C96 or 2 in
verters in series. But if only s. and Sb are buffered, there 
is no guarantee of segment intensity uniformity. There
fore, it is more desireable to buffer all segments. The 
DM8895 is a segment driver with internal current 
limiting resistors that are mask programmable. The 
DM75491 could also be used if external resistors are not 
objectionable. 



"Speed Up" Circuit 

Transistors 011 and 010 implement the "speed up" 
function in the same way as that described in Figure 2 
except that naked MOS transistors are used in place of 
the MM5616 CMOS switch. 

AN INTERVAL TIMER WITH A KEYBOARD 

An interval timer that can be programmed to time out 
'1ong intervals can also be made using the calculator chip. 
The desired time interval is entered frqm a keyboard .. 
When the interval is complete, a tone is emitted by a 
small speaker until the operator activates a RESET 
switch. The timer (as described) will handle intervals as 
long as 99999.9 minutes, which is about 69 1 /2 days. 
This is probably too long an interval for an RC oscillator 
to be acceptable as a timebase. Figure 6 shows an RC 
oscillator but it could be replaced by the crystal oscilla· 
tor described later in this note. Counting speeds other 
than 0.1 minutes could be used as long as the counting 
speed of the calculator is not exceeded. 
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Circuit Description 

As was the case for the stopwatch described in Figure 5; 
a small controller made from a counter and a decoder is 
used to switch Digit outputs to the proper K input to 
create the sequence of entries required. The counter is 
clocked by a 30 Hz oscillator whose output is also gated 
with all the Digit lines to create the proper "key down" 
and "key up" times. 

There are two sequences of entries required: one for 
RESET and orie'for START, the beginning of the timing 
interval. 

Reset Sequence 

When the RESET switch is activated, it is debounced by 
a latch and differentiated by C1 to generate a positive 
going pulse that clears the MM74C193 controller counter 
and the sequence proceeds as follows: 

1. Reset Latches: The "O" output of the decoder resets 
the zero decode latch and the buzzer latch. 
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FIGURE 5. 1/10 Second, Seconds, Minutes Stopwatch/Calculator 
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FIGURE 6. Interval Timer 

2. Clear Calculator 
3. Clear Calculator: Both outputs 1 and 2 of the decoder 

are "or'ed" and then gated to switch D1 into the K3 
input of the Calculator to cause a clear. Two clears 
are necessary to insure that all registers are reset to 
zero. 

4. Halt: Decoder output 3 forces count enable low and 
hangs up the counter. 

Start Sequence 

When the START switch is activated, C2 differentiates 
the latch output and generates a negative going pulse that 
loads the counter to state 4. Since this can happen at 
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any time with respect to the 30 Hz clock, it is necessary 
to wait until .the counter goes to the next count before 
trying to enter anything into the calculator. This is 
done to insure that a full cycle of the 30 Hz clock 
elapses during the time an entry is being made. The 
sequence then. proceeds: 

1. Synchronize: Decoder output 4 does nothing but 
insure that the first application of signals to the cal
culator will last for a complete interval. 

2. Add: Decoder. output 5 causes D4 to be gated into 
input K3 causing an add. This will enter (in normal 
Polish notation) the number already entered from the 
keyboard_ 



3. Enter i: Decoder output 6 gates 02.into K1 to enter 
a 1. This is the number that will be repeatedly sub
tracted to make the total count down. 

4. Add: This simply causes the 1 just entered to be 
added to the number that was entered from the key .. 
board. The total will now be one count higher than 
desired. Since this would shake up most users, the 
next step corrects this. 

5. Subtract: Decoder output 8 causes a subtraction 
which decrements the display by 1 and brings it back 
to the correct reading. 

6. Count: Decoder output 9 makes the controller halt 
and also turns transistor 01 off. 01 was initiali.zing 
the timebase oscillator so the timer won't. begin to 
count down prematurely. 03 is also gated into the 
base of 02 which causes repeated subtractions at the 
timebase rate. 

At this point the timer simply chugs away decrementing 
until it reaches zero. Time remaining to zero is continu
ously displayed. When zero has been detected, the con
troller's count enable term will go high and it will advance 
to state 15 at which time the "carry out" term will go 
high and inhibit any further counting. It will stay this 
way until the RESET button is activated. 

Zero Decode Logic 

A zero is detected by recognizing that a blank exists in 
digit 2 and a 0 exists in digit 1. A blank is·decoded with 
the expression Sb + Sc since one of these two segmel)ts 
is always on when any number is being displayed. When 
BLANK • 02 exists, a latch is set. Then when a zero is 
detected in digit 1 according to the expression St • S9 

the buzz latch is set. This gates 06 into the base of 03 
which turns the speaker on at about a 1 kHz rate with 
a 1 /6 duty cycle and generates a buzz. The buzz latch 
will be reset during ·the RESET sequence. 

OSCILLAtORS 

Two CMOS oscillators have been mentioned: one RC 
and one crystal controlled. These oscillators are analyzed 
elsewhere in National's applications literature (AN-118) 
so only a summary is given here. 

RC Oscillator 

An odd number of inverting gates (NANO, NOR, IN
VERTERS) will always oscillate if tied.around on them
selves as in Figure 1.- Most beginning logic designers have 
discovered this fact of life by accident at one time or 
an<~!h_e~-..",, 

ANY EVEN NUMBER OF 
AOOlnONAL GATES 

FIGURE 7. Odd Number of Gates Always Oscillates 

Odd Number of Gates Always Oscillates 

The oscillator will generate a square wave whose fre
quency will be determined by the propagation delay 
through the gates. All that remains to make this a useful 

oscillator is to contrql the frequency of oscillation. 
Figure 8 depicts a simple and foolproof way to do this. 

~ 
~ 

FIGURE 8. RC-CMOS Oscillator 

The frequency of oscillation wili be about f = 0.55/R2 C 
if R1 = R2. R2 has the most effect on frequency arid in 
most applications it would be a pot. Stability of the 
oscillator as a function of time is dominated by the 
passive elements, especially at frequencies as low as 
100 Hz or less. Variations in output drive capability of 
the CMOS will be swamped if R2 is 100k or more. 
Stability with respect to supply voltage in the range of 
voltages that can be used with the calculator chip 
(6.5-9.5V) is a function of frequency but the following 
is representative: 

FREQUENCY 

1-00 Hz 

10 Hz 

VARIATION (6.5-9".5V) 

..,33 

""0.5% 

Empirically determined temperature drift of this oscilla
tor due only to the CMOS is: 
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FREQUENCY 

100 Hz 
10 Hz 

Crystal Oscillator-

DRIFT 

0.03%fC (-15~ +50°C) 
0.01%fC 

Figure 9 illustrates how to build a crystal oscillator using 
CMOS. This oscillator is also described in AN-118. 

Cl 
11 

11 

J.8314 MHz C2 

aH 1
· 

11 

RI 
- 5M 

1.8314MHz 

100 Hz 
CLOCK 

Q14 
INPUT MM5121 

RESET 

FIGURE 9. CMOS Crystal Oscillator and Divider for 100 Hz 

The CMOS inverter is bi~sed into itS-' finear region by 
resistor R 1. This de path around the in)lerter ensures that 
the oscillator will start. C1 can be used to pull the crystal 
down and C2 to pull it up. The output of the oscilla
tor is cleaned up by the next two inverters. This signal 
then is divided by 214 or 16384 to yield the 100 Hz 
clock needed for the 0.01 secon.d resolution timers. 

The 0.1 second resolution timers could be obtained by 
using the dividing logic as suggested in Figures 10 and 
11. The interval timer could use the '0.1 minute time 
base shown in Figure 12. 

DI 
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SUMMARY 

C1 
11 

·11 

1.6314MHi C2 

oH' 11 

C1 
II 

II 

1.:UD72MHz C2 

0H 1 
11 

5M 

C1 
11 

5M 

11 

5.592406 MHz C2 

oH' 11 

INPUT MM!ili20 
RST 

014 

FIGURE 10. Divider for 10 Hz 

+ 16384 

INPUT MM5&2D 014 
RST 

Voe 

FIGURE 11. Alternate Divider for 10 Hz 

+16384 

INPUT MM!i&ZD 014 
RST 

FIGURE 12. Divider for 1/&·Hz 

.;-10 

10Hz 

CARRY 

RlitPLE CARRY 
MM74C16D 

CLR ·AB CD 

+2048 

........ 011 
RST 

10Hz 

1/6Hz 

A rich variety of timing functions can be done digitally 
and many of these can be implemented with the MM5736 
calculator chip. The MM5736 offers six decades of 
counting and display in one package and will yield low 

parts count solutions to many of these problems .. It can 
be used in a variety of ways, it interfaces ideally with 
the 74C line of CMOS and consumes little power. 
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Calculators 

HANDHELD CALCULATOR BATTERY SYSTEMS 

INTRODUCTION 

Batteries suitable for handheld calculator applications 
can be categorized into two groups: primary cells and 
secondary cells. Primary cells cannot be recharged 
efficiently or safely and are used in· "throw away" 
systems, i.e., the end user must replace the calculator 
batteries at end of life. Secondary cells can be recharged 
after being discharged under specified conditions. 

PRIMARY CELLS 

Carbon-zinc and alkaline are the best known non
rechargeable cells available for calculators. Carbon-zinc 
cells are low cost, but have relatively high internal 
resistance characteristics that reduce efficiency under 
high current drain conditions. They are widely available 
around the world in a variety of voltages, capacity and 
form factor options. Alkaline cells offer 300 to 400 per 
cent more capacity than carbon-zinc batteries of the 
same size and have excellent characteristics under the 
high drain conditions typical of LED display calculators. 
Both types have voltage discharge curves that fall 
gradually over life. Shelf life for alkaline is good, carbon· 
zinc poor; an important parameter if batteries are t~ 
be shipped with the finished calculator and may sit on 
warehouse or display shelves for unknown periods of 
time. Not surprisingly, alkaline cells are also three to 
four times more expensive than carbon-zinc. Silver 
oxide batteries have been used in throw-away calculator 
applications to achieve a more ·desirable form factor. 
Although replacements are available (the cells are often 
used in hearing aids and cameras)' the high current. 
drain inefficiency of the cell results in poor utilization 
of available capacity, and battery life is short. 

SECONDARY CELLS 

Nickel-cadmium batteries have become the standard for 
rechargeable systems. They exhibit relatively constant 
discharge voltages and can be recharged many times. 
Internal resistance is .low so they are capable of supply
ing high peak currents. 

Figure 1 indicates the discharge characteristics of carbon· 
zinc, alkaline and nickel-cadmium cells. 

15 

1-• 

1-3 

« 
12 

> 
1-1 

~ 

1-0 

•·• 
•·• 

TIME 

Figure 1. Comparison of Discharge Characteristics 

THE SIMPLEST SYSTEM - Ag V BATTERY 

Most National Semiconductor calculator circuits use a 
P-channel, metal gate MOS process with enhancement 
and depletion mode transistors. They are designed to 
operate directly ·from a nine volt alkaline or carbon
zinc battery. Operating voltage range is 6.5 V to 9.5 V. 
A nine v>olt battery is simply six series cells with charac
teristics similar to those. shown in Figure 1, allowing an 
end-point voltage for each cell of just under 1.1 V for a 
worst-case calculator 

A complete calculator using a nine volt battery is shown 
in Figure 2. This is undoubtedly the simplest battery 
system available for a low cost cai'culator, as well as 
being the most efficient. The current required to drive 
the display and MOS circuit comes directly from the 
battery without any conversion of voltage. 

Batt~ry life estimates are straightforward. Assuming a 
nine digit calculator using the National MM5760 slide 
rule chip, and five "8s" as a typical display condition, 
it is easy to calculate total battery current drain and 
battery life: 

V$S 

MM5760 

DISPLAY 

(9) 

DIGITS 
DS8864 

ISS 

GND 
~-------l~DISPLAV 

Figure 2. Power Supply Current for 9 V Calculator 

Referring to Figure 2 and using typical values from the 
5760 data sheet, 

lo1sPl.AY "')seo(Ave) t lop(Ave) 

= (I ) {no. of segr;i:nts) (no. of digits\ (Digit Duty) + 1 
SEG \ on per d191t on per word) Cycle DP 

where lsEG = Peak Segment Current 

Digit Duty Cycle =(Digit Time) {~~d;~:e~lanking Time} 

• 70us-4.5us_ 0_100 
650µs 

Therefore, for a display of five "Bs:" 

lo1s~LAV = (8·ge;A) (~:~) (5 digits) (0.100) 

• 29.75 mA 

lsATTEAYDAAIN = lss =loo+ lo1SPLAY 

• 8.0 mA + 29.B mA • 37.8 mA 
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Battery life is a function of the battery being used, of 
course, and its capacity. An alkaline 9 V battery has a 
capacity of approximately 550 mA-hr. 

8 L'f Battery Capacity 550 mA-hr 
attery I e= leATTERYDRAIN = 37.8 mA 

= 14.3 hr, typical 

As a comparison, a carbon-zinc 9 V battery is rated at 
only 125 mA-hr, giving a typical battery life of only 
3.24 hr. 

SOMETIMES SIMPLEST ISN'T BEST 

In some cases it is not advantageous to design the 
calcuiator with a 9 V battery system. If the 1calculator 
is to be marketed in an area of the world where 9 V 
replacements are difficult to find, or a unique form 
factor is required to optimize overall calculator shape or 
sire, alternate battery systems may be preferable. 

Rechargeable systems are usually more cost effective 
as two, three or four cell systems. If it is decided to 
market both throw-away and rechargeable models of 
the same calculator, the battery system should allow 

·the. use of all the same hardware in both models; this 
means both primary and secondary batteries should be 
essentially the same form factor and voltage. N, AA and 
AAA cells all meet that·requirement, and ar·e often used 
in handheld calculators. Alkaline N and AAA cells are 
usually rated around 550 inA-hr and AA at over 1 500 
mA-hr. Nickel-cadmium cells supply about one third the 
capacity of physically equivalent alkaline cells, e.g .. AA 
nickel-cadmium cells are rated about 500 mA-hr. 

THE TWO CELL SYSTEM 

Figure 3 shows the MM5760 in a two cell battery 
system. All the display and MOS current must be 
converted up to the 6.5 V to 9.5 V range needed to 
drive the MM5760. 

ov 

•ss' (I) 

vss OISPLAV 

LINES MM6780 

ON-OFF 
(9) 

(9) 
OUT 

OS887Z 

GNO 

KEYBOARD MATRIX 
"-- 100 

IDISPLAV ~ 

Figure 3. Two Cell Battery Syste~ 

The DCDC converter must supply greater than Vss -
6.5 V with an input voltage range of 2.2 V to 2.5 V for 
nickel-cadmium cells or 2.2 V to 3.0 V for alkaline. 
Battery drain will be increased due to the voltage 
conversion and efficiency o_f the converter. 
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leATTERYDRAIN =(loo +-lo1SPLAYl (VcoNVERTERl 
(VeATl (EFFCONVERTER) 

Ooo + lo1sPLAYl will be the same as the 9 V case. 

Assume the DC-DC converter has a nominal output 
voltage of 8.0 V, and an efficiency of 75%; 

leATTERY DRAIN = (37.8 mA)(~:~ ~) (o.~s) = 155.1 mA 

If two AA alkaline cells were used, average battery life 
would be (1500 mA-hr/ 155.1 mA), or just over 9.6 
hours; 500 mA-hr nickel-cadmium batteries would typi
c;ally give 3.2 hours between recharges. 

THREE CELLS INCREASE EFFICIENCY 

Three cell systems provide a significant improvement 
in efficiency by reducing the converted power compared 
to a· two cell system. Three cells have a minimum 
operating voltage of roughly 3.3 V. By using a bipolar 
segment driver chip to supply the required segment 
current at a low voltage, the display ·current loop can be 
separated from the higher-voltage MOS current path and 
operated directly off the three cell battery system. 
Now the low MOS supply current is the only component 
magnified by the voltage conversion, and the total 
power efficiency is greatly enhanced. 

Figure 4(a) schematically shows the display interface of 
a three cell system. The DS8867 Segment Driver is 
guaranteed to supply a minimum of 8 mA of peak 
segment current to the LED display at an output 
voltage of 2.3 V (or higher) with respect to the negative 
terminal of the battery. The 2.3 V must be divided· 
between the LED and "ON" digit driver output voltage; 
single output transistor (non-darlington) types of bipolar 
digit drivers such as the DS8868, DS8873, DS8973 or 
DS8879 have worst-case "ON" voltages of 0.5V or le_ss. 
With both worst-case digit and segment drivers, the LED 
will have 2.3 V - 0.5 V = 1.8 V as an '·'ON" voltage. 
GaAsP displays like the NSA 1198 and NSA 1298 show 
typical voltage drops of around 1.65 V at 10 mA of 
segment current on their data sheets. (If all worst-case 
components, including the LED were combined, a 
reduction in peak current could occur at minimum 
battery voltage.) For nine digit calculators using the 
NSAl 198 and NSA1298 displays, the minimum peak 
current required for reliable operation is 3.0 mA/segment 
and 5.0 mA/segment, respectively, well below actual 
limits even with worst-case components. 

To guarantee adequate digit output signals for scanning 
the keyboard, external series resistors (- 2.4k) would 
be required if DS8873 digit drivers were used rather 
than the DS8973. Calculators requiring a shift driver, 
such as the MM5784 or MM5791, use a DS8879 digit 
driver in three cell systems. 



YBA.T + 

'MM5l3l 
MM5738 
MM5739 
MM!i1&0 
MM5l62 
MM5l83 
MM57114 

-IOISPLAY 

,MOS I CALCULATOR 

I r--
R1N 

(a) 

K·LINES You 

(3) Of (4) 

191 

KEYBOARD MATRIX 

(b) 

Figure 4 (a) Schematic Diagram, and (b) Block Diagram 

With the exception of the MM5758 which is designed 
specifically to operMe with a three cell battery system, 
all other National Semiconductor single chip calculators 
have low impedance segment output buffers suitable 
for driving LEDs directly. In a three cell system they 
will be capable of over-driving the DS8867. Typical 
input current to the 0$886;' is. about 1.5 mA per 
segment, which unfortunately must be converted up to 
the V ss supply and therefore does impact battery life 
to some degree. 

Typical battery drain for a display of five "Bs" in a 
three cell system is: 

Using three AA alkaline cells would give a battery life of 
(1500 mA-hr/100.5 mA). or almost 15 hours; a 56% 
improvement over the two cell system for the additional 
cost of the DS8867 and an additional battery. 500 mA/tir 
ni-cad. cells would provide 5.0 hours of continuous 
life. Note that this extended battery life is with higher 
display current than the two cell system, which will 
result in a brighter display as an added bonus. 

FOUR CELL SYSTEM 

A four cell battery system offers even higher power 
efficiency than the three cell system and the additional 
battery cost is offset somewhat by the removal of the 
DS8867. If the DC·DC converter output voltage is 
regulated between Vss - 7.5 V and Vss - 9.5 V, seg
ments can be driven directly (Figure 5). Figure 6 shows 
the system diagram. 

'"' 
NSA1198 min 

RtQ11ireme"nt 

4.5 5.D 5.5 

VsArM 

Figure 5. Guaranteed Peak Display Current vs. Battery Voltage 
in a Four Cell Battery System. 
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V~ SEG 

K CALCU~Ao:(JR CHI 
LINES 

voo 

KEYBOARD MATRIX 

oc. ov 

18) 

= V&AT 

CONYERtER 1------.... ---~ 
Figure 6. Four Cell Battery System 

Like the three cell system, only the calculator supply 
needs to be converted up from the battery voltage. 
The display current flows in a loop from the positive 
terminal of the batteries, through Vss and the segment 

·buffers of the calculator chip to the LED, then the 
digit driver and back to the negative side of the batteries. 

leAT"' loo Mos+ llsEG DRIVE MOS)\ Cycle . ·~gments on/ . VeAT • EFFCONVEATER SEG BAT \ Cycle J. segments on/ I[ /Digit DutV) ( no. of \] VcoNVERTEA . +I /Digit DutV\ (· no. of \} 

leAT"' ~ mA+ (1.5 mA) (~) (7~ (3_6~·(~.751 + (17 mA) (0.1) (5 digits) (bi~~~)} 
•1.00.49mA 
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Battery drain current with five "8s" displayed is: Using four AA cells would give a battery life of at 
least (1500 mA·hr/ 54.0 mA), or almost 28 hours of 
continuous use. Four smaller capacity cells could be 
used to improve the form factor. of the finished calcula· 
tor and still maintain a reasonable battery life. For 
example, four alkaline N cells would give almost 10 
hours of operation. 

( VcoNVERTER ) I 
leAT = loDMOS VeAT • EFFCONVERTER + DISPLAY 

2'.{10mA) [ 8.75 1+(8·5 m.A\($){5Digits){0.1) 
(4.8) (0. 75ij · seg / D191t 

= 54.0 mA 

No. of 
Battery Cells 

2 

2 

3 

3 

3 

4 

4 

9V 

iiv 

Calculator 
Type 

Group A 

Group B 

Group A 

Group B 

MM5758 

Group A 

Group 8 

Group A 

Group 8 

Group A Calculators 

MM5737 MM5762 
MM5738 MM5763 
MM5739 MM5764 
MM5760 MM5767 

MM5769 

Segment 
Driver 

None 

None 

058867 

058867 

058867 

None 

None 

None 

None 

Table 1. 

Digit 
Driver 

058872 

058874 

058872 
or 

058973 

058879 

058868 

DS8872 
or 

088974 

058876 

DS8873 
Or 

058864 

DS8874 

8·180 

OC·OC 
Converter 

2.0 V <;; V1N,,;; 3.0 V 
6.5.V.;; VouT.;; 9.5 v 
louT .;; -125 mA 

2.0 V <;; V1N <;; 3.0 V 
6.5 v.;; VouT < 9.5 v 
louT.;; -125 mA 

3.0V<V1N <;;4.5 V 
7.2v.;;vouT.;;8.8V 
louT.;;20 mA 

3.ov.;;v1N.;;4_5v 
7.2 v < VouT.;; 8.8 v 
louT.;; .zo mA 

3.0V,,;;; V1N <;; 4.5. V 
7.2V<VouT<;;B.8V 
louT.;; -25 mA 

4.4 V,,;;; VIN ,,;;; 6.0 V 
-7.5 v.;; VouT.;; -9.5 v 

louT .;;20 mA 

4.4 V <;; VIN <;; 6.0 V 
-7.5 v.;; VouT.;; -9.5 v 
louT < 20 mA 

None 

None 

Group B Calculators 

MM57B!I 
MM5791 

Typical Battery Life 
with AA Alkaline Cells 

9.6 hours 

7. 7 hours 

15.0 hours 

15.0 hours 

14.5 hours 

28.0 hours 

23.5 hours 

14.0 hours 

i'1.3 hours 



Calculators 

USING STANDARD NATIONAL CALCULATORS 
IN INDUSTRIAL AND MICROPROCESSOR APPLICATIONS 

It is frequently desirable to utilize a calculator component 
in non-calculator applications. Because of their low cost, 
these devices represent a cost effective method of 
sophisticated number processing. A few hints that are 
worthwhile to keep in mind when applying calculators 
are listed below. 

KEYBOUNCE AND NOISE REJECTION 

The National line of calculators are designed to interface 
with low·cost keyboards, which are often the least 
desirable from a false or multiple entry standpoint. 

When a key closure is sensed by the calculator, an 
internal time-out is started. Any voltage perturba.tions of 
significant magnitude which occur on the Key Input 
Lines during the time-out will reset the timer to zero. 
A key is accepted as valid only after a noise-free 
time-out period: noise that persists indefinitely will 
inhibit key entry. Key releases are checked in the same 
manner. 

READY SIGNAL OPERATION 

The Ready signal indicates calculator status. When the 
calculator is in an "idle" state, the output is-at a logical 
high level (near V55). When a key is closed, the internal 
key entry timer is started. Ready remains high until the 
time-out is complete and the key entry is accepted as 
valid. As the calculator begins to process the key, Ready 
goes low (near Voo). 

NEW KEV IS 

Ready remains at a low level until the function initiated 
by th.e key is complete and the key is released and timed 
out. The low-to-high transition indicates the calculator 
has returned to the "idle" state and a new key can be 
entered. Figure 1 shows the relationship between key· 
board entries .and Ready. · 

Ready can be very helpful in a non-calculator applica
tion. It can be used in the following manner: 

1) Whenever Ready is at a logic high, enter keys. 
2) Whenever Ready is at a logic low, inhibit all keys and 

wait. 
3) The transition from low to high indicates that an 

external machine can change states. Also, after a 
period of time, the display is valid and can be 
sampled. 

ZERO SUPPRESSION 

All calculators have some form. of zero suppression. 
For left-justified dispfays, it is trailing zero suppression 
which is relatively easy to· implement and fast. Right
justified displays require leading zero suppression. While 
this doesn't require much more logic, it is much slower. 
This can play an important role in using a calculator 
which must transfer results to other logic elements. 
After Ready goes high, it can take up to 7 word. times 
before the segment information is correct. Consult 
Table I for specifics. 

Figure 2 illustrates circuits for accomplishing the speed
ups given in Table I. 

•• 06 

9V 

1/2 CD4016 

DEPRESS/D KEY IS f RELEASED 
· NWORDTIMES----1 . 

ANY8f~~~~ltlhJU1flJ1rr:;___.;._. 
AftEA KEY 

"NOISE"/ CALCULATION 
"'--

. ~ N WORO TIMES ~ 
"NOISE" RELEASE OR 

IS COMPLETED, 
WHICHEVER IS 

LONGER 

REAOV-----~----.1!"------~ 
NEW KEY HAS BEEN NEXT KEY 

ACCEPTED BY CALCULATOR ~AN BE ENTERED 
THE KEV MAY BE RELEASED 

FIGURE 1. Functional Description of Ready Signal and Key Entry 
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TO KEYBOARD 
AND Ol~PLAV 

If the inverter is unavailable, a CD4016 
and resistor suffice. 
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9V 

J/4CD4016 

FIGURE~- Calculator Speed Up Circuits 
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In many cases, a calculator circuit .can be applied in a 
microprocessor system to eliminate the necessity of 
writing extensive floating point software routines. 
Figure 3 shows such a system developed for a SC/MP 
microprocessor. Due to variations in power supply 
voltages and logic levels between SC/MP and the MM5760 
Mathematician calculator, a combination of CMOS and 
low power Schottky components has been used. The 
MM5760 was chosen for this particular application 
because 3 other pin compatible calculators; the MM5762, 
MM5763 and MM5764 (Statistical, Financial and Metric 

Conversion) calculators will fit into the same socket and 
provide different algorithms. 

Table 11 describes these functions and the codes that 
the SC/MP must present to the input register .. SC/MP 
may operate either in an interrupt driven mode or 
through the use of the sense input. When programming 
the SC/MP calculator systems .• it is advisable to perform 
the functions in the same manner as one would when 
operating the corresponding Novus or National Semi
conductor calculator. 

TABLE I 

NORMAL KEV DEFEATED KEY HOW TO DEFEAT 
DISPLAY CORRECT 

POWER ON WHEN CAN SEGMENTS 
CALCULATOR 

BOUNCE TIME BOUNCE TIME KEVBOUNCE 
READY FOLLOWING 

CLEAR 
LONG CAL 

BE SAMPLED 
READY PLUS 

MM5736, MM5749 7-8 words 3·4 words 04 high during 06 No No 220ms Middle of digits 
MM5757 

MM5737 7-8 words 3-4 words 07 high during 09 Yes 7.words No 350ms Trailing edge of digits 

MM5738 7-:a words 3-4 words 07 high during 09 Yes 7words No 350ms Trailing edge of digits 

MM5739 7--8 words 3-4 words 04 high during 09 No No 300ms Middle of digits 

MM5758 7 words 4words TC high during 03 Yes Owords Yos 3.1 sec Middle of dig!ts 

MM5760, MM5762. 9 words down. same none Yes Owords Yes 3 sec Middle of digits 

MM5763, MM5764 16 words up 

MM5765 Uses ready Yos 40rns 

MM5766 Uses ready Yes 40ms 

MM5780 7-8 words 3-4 words 07 high during 09 Yes Owords No 350 ms 

MM5784 7-8 words 3-4 words Connect K2 to 09 Yes 7 words Yes 580ms Middle of digits 

MM5791 11 words 2words Connect K2 to 09 Yes 7 words Yes 580ms Middle of digits 

MM5777 7-8 words 3.:..._4 words 06 high during 07 Yes 5 words No· 300ms Trailing edge of digits 

TABLE II 

CONTROL BYTE FUNCTION 

(HEX I DECIMAL) OUTPUT SELECT FOR DIGITS 1-9 

00-08 MM5760 MM5762 MM5763 MM5764 

11 - . - - -

12 +' + + + 

13 .• 

14 x· x x x 
15 - Freq* KS' 

16 TAN JAL'' x Ft-in 

17 SIN LOAN' COR In-mm' 

18 cos SAV"· INT IN-cm 

20 1/X soo Ex mile·km 

21 eX ;• REMy Ft-m 

22 yX AMT y -
23 LOG - x MC 

24 Ln yX REMx yd-m 

25 vx• M+ M+ M+* 

26 sTo' MR* MR' MR' 

27 c c c c 

41 EN = ~ = 
. 

42 RCL =+ =+ =+ 

43 k cs cs cs· 

44 . . . . 
45 9 9 9 g• 

46 8 8 8 a· 
47 7 7 7 7' 
48 6 6 6 6" 

80 5 5 5 5• 

81 4 4 4 4• 

82 3 3 3 3• 

83 2 2 2 2· 

84 1 1 1 1· 

85 0 0 0 o· 
86 ARC* n' CA' -
87 cs % % %' 

*Multiple function key-refer to individual· data sheets 
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HALT 
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087 04 
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084 01 
02 

01 
Vee lli CLR 

BNWOS ~WRITE • 7 
DATA STROSE) 

Vee 

9 7 

Vee E11 CLR 

OBJ 04 04 

082 DJ OJ 
DM74LS173 

081 02 0.2 

080 01 

Vee =sv 
Vss =av 
All resistors 5.1 k 

RA15-5.1KN 

RA07-5.1KN 

01 

-= 

vss 

DM81 LS95 

087 

1/6 OM74LS04 
086 

ROY 

DBS 
01 

084 
02 

MM5760 

OBJ 
DJ 

082 
04 

081 
05 

DBO 
06 

'::" 07 
Vee 

08 

'::" 

09 
8NROS {AEAD 
OAT"- STROBE} 

Vee 

MEMSEL * (USEO 1N 
SC/MP LCDS) 

HARDWIRED ADDRESS 
LOCATION UPPER 

6-SITS 

ADDRESS HARDWtRED ADDRESS 
BUS LOCATION LOWER 

6-BITS 

FIGURE 3. MM5760 SC/MP Interface 

Operation of the circuit is straight forward; when the 
8-bit control word is applied to the input register, a 
9-bit multiplexer is addressed by the lower 4 bits, 
selecting a digit line. The ·upper 4 bits then gate the 
digit output through to the key inputs; the Ready 
line clears the input register and indicates acceptance 
to the processor. When the Ready line returns to its 
original state, another command may be entered. To 
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receive the ouwut of the calculator, the processor 
should load the lower 4 digits of the input register 
with the code corresponding to the digits required and 
the upper 4. digits with zeroes-the multiplexer output 
signal then indicates availability of data. 

In an SC/MP system, synchronization with data is accom
plished by first loading the digit code as described and 

)> 
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.:... 
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U) 
I' '7 immediately entering the HALT state. The multiplexer 
Z output then drives the CONTINUE input. On start-up, 
<( the processor immediately loads the data. 

In the application shown, 7-segment data plus decimal 
point is output to the data bus. Alternatively, one can 
use a 7-segment to BCD converter, DM86L25 or 
MM74C915, to connect the calculator output to BCD 
data. 

A sample flow chart for the microcomputer program is 
depicted in Figure 4. 

In summary, a reasonably low cost, low speed, arithmetic 
capability may be added to most systems using existing 
calculator components and standard logic. 

START 

SEt STATUS 
FOR READ 

IE= 0, Fl= 0 

FETCH NEXT 
COMMAND 

TABLE Ill. Hexidecimal Conversion for 7-Segment Output 

DIGIT 
WITHOUT DECIMAL WITH DECIMAL 

POINT POINT 

0 3F BF 
1 06 86 
2 58 DB 
3 4F CF 
4 66 E6 
5 60 ED 
6 7D FD 
7 07 87 
8 7F FF 

9 6F EF 
80 

BLANK 00 80 

Note: 0.0.0.0.0.0.0.0. indicates an illegal entry. All decimal 
points indicate the battery save mode. 

DECREMENT 
DIGIT 

ADDRESS 

SET 9TH 
DIGIT 

AO DRESS 

CONTINUE 
INPUT 

FIGURE 4 
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COPS 

National's Controller Oriented Processor Systems 

introduction 

National's Controller Oriented Processor Systems provide 
a low cost solution to low end computing and control 
problems. Manufactured by NSC's volume ·proven 
P-channel MOS/LSI controller process, the COPS offers 
an attractive. low risk alternative to custom LSI when 
available development time is short and cost is critical. 
Single mask programming of the on-chip control ROM 
allows delivery of prototype devii;:es directly from the 
calculator production· lines. 

Architectural features of the COPS permit rapid efficient 
design and implementation of systems using key or 
switch inputs and display or printer outputs. Interface 
circuits in the COPS are designed to allow expansion of 
system memory and i/0 capability without sacrificing 
the "lowest component count" features of the set. 

Elements in th.e COPS family provide four levels of 
processing capability from the dedicated MM57140 
single chip system with direct display and keyboard 
interface to the highly flexible MM5782 based multi· 
chip systems. 

features 

• National's COPS feature P-channel metal gate process 
for lowest cost 

• Single power supply operation 

• CMOS compatibility 

• Serial 1/0 ports for easy. commuhication between 
processor and peripheral circuits 

• Expandable RAM and ROM 

• BCD in/out option for applications flexibility 

• Direct interfacing to keyboard and display 

• 10 µs instruction cycle 

• 4-bit data/8-bit instruction word 

• Single mask programmable 

• Learn mode programmability 

9-2 

COPS elements 

• Automobile displays 

• Oven controllers 

• Vending machines 

• Specialty calculators 

• Simple electronic cash registers 

• Computing instruments 

• Electronic·scales 

• Printer/display controller 

• Appliance controller 

• Data terminal controller 

• Automated gasoline pumps 

• Alpha/numeric programmable calculators 

applications 

MM5781 

MM57129 

MM5782 

MM5785 

MM5788 

MM5799 

MM57140 

DS8664/5/6 

DS8692· 

DS8693 

MM57126 

16k control and ROM element 

32k control and ROM element 

Memory and processor element 

Memory interface to 1024 x 1 RAM 
devices 

Printer interface to Seiko printers 

Single chip microcomputer 

Single chip microcomputer 

Decoder. digit driver and oscillator 

Hex power driver (single) 

8-bit latch and driver (source) 

Programmer shift register 



COPS 

MM5781. MM5782 Controller Oriented Processor Systems 

general description 

The National MM5781, MM5782 is a set of MOS/LSI 
circuits designed for application in low cost, versatile, 
dedicated or custom programmed calculator and control 
systems. 

A full capability scientific or business calculator system 
can be built using only four circuits, plus the keyboard, 
case, battery and LED display. Application as a printing 
calculator or in electronic cash registers is possib1e using 
National's MM5788 printer interface circuit. Both the 
basic ROM instruction store and read/write store are 
expandable. 

connection diagrams 

Dual-In-Line Package 

vao 
24 

11 

IRB 
23 

12 

SYNC 
22 

13 

DSC 
21 

14 

K1 
20 

15 

K2 
19 

16 
MM5781 

K3 
18 

17 

K4 
17 

18 

F1 
16 

SKIP 

F2 
10 15 

TEST 

Fl 
11 14 

IN8 

vss i2 13 
F4/BL K 

TOP VIEW 

Order Number MM5781 N 
See Package 22 
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features 

• 2048 x 8-bit ROM, expandable to 8192 x 8 

• 640 bits (160 digits) RAM, expandable using MM5785 

• 8 parallel outputs, coded as 7-segment + d.p. or 
BCD 

• Serial data 1/0 for easy interface to peripheral circuits 

• 3 general purpose 1/0 latches 

• Blanking output 

• 4 strobed key inputs 

• 10µs micro-instruction cycle time 

• Single power supply operation 

• 4-bit data/8-bit instruction words 

Dual·ln-Line Package 

vao 
28 

001 

11 
27 

002 

12 
26 

003 

13 
25 

004 

14 
24 

NC 

15 
23 

SI 

16 22 so 
MM5782 

17 
21 s, 

Is 20 Sb 

SYNC 
10 19 

Sc 

DSC 
11 18 

sd 

SKIP 
12 17 

s. 

Sp 
13 16 Sf 

14 15 s vss g 

TOP VIEW 

Order Number MM5782N 
See Package 23 
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absolute maximum ratings 

Voltage at Any Pin Relative to Vss 
(All Other Pins Connected to Vssl 

Ambient Operating Temperature 

Ambient Storage Temperature 

Vss +0.3V to Vss -12v 

Lead Temperature (Soldering, 10 seconds) 

0°Cto+70°C 

-55° C to +125° C 

300°C 

de electrical characteristics 

(0°C to +70°C unless otherwise noted) 

PARAMETER CONDITIONS 

Operating Voltage (Vss - Vool 

Operating Supply Current Oool Vss - Voo = 9.5V, TA= 25°C 

MM5781 

MM5782 

OSC Input Voltage Levels 

Logical High Level (V1Hl Vss - Voo = 7.9V 
Logical Low Level (V 1 Ll Vss - voo = 9.5v 

OSC Input Resistance to Vss (Note 3), (Figure 2) 

MM5781 Only.(R1Nl 

IN8, Kl-K4, F1-F3 Input 

Voltage Levels 

Logical High Level (V1Hl Vss - Voo = 7.9V 
Vss -'-·Voo = 9.5V 

Logical Low Level (VIL) 7.9v :-::; Vss - v0 o :-::; 9.5v 

INB, K1-K4 Input Current Levels 

Logical High Level Current (11 H) V1H = Vss- 3.2V 
(LED Display Interface) 

Logical Low Level Current (11 Ll V1L = Vss - 32V 
(Fluorescent Display Interface) 

IRB Input Voltage Levels 

Logical High Level (V1Hl 7.9V5::Vss-VoD"'.'.9.5V 

Logical Low Level (VIL) Vss - Voo = 7.9V 
Vss - Voo = 9.sv 

11-la, SI, SKIP, SYNC and TEST Vss - Voo = 7.9v 
Input Voltage Levels 

Logical High Level (V 1 H) 

Logical Low Level (V 1 L) 

DO 1 , DO 2 and DO 4 Output 

Voltage Levels 

Logical High Level (VoH) RL = 150k, to Voo 

Logical Low Level (VOL) IOL = 3µA 

Logical High Level Current (IQH) VoH=Voo+1.5V, 

Vss-v00 =7.9V 

MIN TVP MAX UNITS 

7.9 9.5 v 

-7 -12 mA 

-15 -25 mA 

Vss-1.0 v 
Voo+1.5 v 

3 6 kQ 

Vss-:3.2 v 
Vss-4.5 v 

Voo+1.5 v 

-350 µA 

-20 1 µA 

Vss-3.5 v 
Voo+2.5 v 
Voo+3.o v 

Vss-1.2 v 

Vss-4.0 v 

Vss-1.0 vss v 

Voo v 00+o.5 v 
-260 µA 



s: 
de electrical characteristics (con't) s: 

U1 

(0°C to +70°C unless otherwise noted) ~ ... 
s: 

PARAMETER CONDITIONS MIN TYP MAX UNITS s: 
U1 

DO 3 Output Voltage Levels ..... 
(X) 

Logical High Level (VoH) RL = 150k. to VDD vss-1.0 Vss v N 

Logical Low Level (VOL) IOL = 3µA VDD voo+0.5 v 

Logical High Level Current !loHl Battery Low "OFF" 

VoH = VDD + 3V, vss - VoD = -1.3 --0.3 mA 

9.5V 

VoH ~ VDD + 2.5v. Vss - VDD = -1.0 --0.4 mA 

7.9V 

Battery Low "ON" 

VoH = Vss - 3V. Vss - VDD = --0.3 mA 

7.9V 

VoH = vss - 3V, Vss - VDD = --0.4 mA 

9.5V 

Sa through Sg and Sp Output Current LED Display Interface to DS8867 

Levels 

Logical High Level Current (I OH) VoH = VDD + 5.4V -500 µA 

Logical Low Level Current ( loL) VoL = Voo + 0.5V -1 1 µA 

Fluorescent Display Interface 

Logical High Level Current (loHl Vss - vDo = 7.9V, VoH = -300 µA 

Vss- av 

Logical Low Level Current (loL) VoL=Vss-32V, REXT= 150k -20 µA 

to VGG = Vss - 35V 

11 - lg, SO, SYNC and SKIP Output Vss - VDD = 7.9v 

Voltage Levels 

Logical High Level (VoH) IOH = -100µA Vss-0.5 Vss v 

Logical Low Level (VoLl IOL = 15µA VDD VDD+3.7 v 

F1 - F3 Output Voltage Levels 7.9v <:: Vss - vDD <:: 9.5V 

Logical High Level (VoH) loH = -30µA vss-1.5 v 

Logical Low Level (VOL) IOL = 3µA VDD+1.0 v 

F4 (BLK) Output Voltage Levels 7.9v <:: Vss - VDD <:: 9.5v g Logical High Level (VoHl IOH = -0.5 mA Vss-:--1.5 v 

L-ogical Low Level (VOL) IOL = 5µA VDD+1.o v 

Voltage Levels for All Outputs into 

CMOS Level 

Logical High Level (VOH) IOH = -10µA Vss-o.5 Vss v 
Logical Low Level (VoLl RL = 200k (to VDD) VDD vDD+o.5 v 

Maximum Allowable Keyboard 

Closed Key Resistance Using INB, 

Fl-F3 or K1-K4 as Inputs 

RKEY LED Display Interface 200 n 
RKEY Fluorescent Display Interface 50 k.12 
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N 
~ ac electrical characteristics MM5781 - 0°C to +70°C, unless otherwise noted(Figure 1) 
LO 
:E 
:E 

PARAMETER CONDITIONS MIN TYP MAX 

OSC Input Frequency (1/tpl 320 400 

OSC Input Duty Cycle 46 56 66 

OSC Input Transition Times (Note 3). (Figure 2) 

Fall Time (tf) CL= 25 pF, RL = 6 k.ll, to Vss 50 

Rise Time (tr) RC= 0.15µs 350 

SYNC Input Timing (Bit Time) 

Interval Time (ttrl 10 12.5 

Hold Time (t0 sch) 100 

High-to-Low Set-Up Time (t5t1l 680 

Low-to-High Set-Up Time (lsthl 100 

K1 - K4, INB, Fl - F3 Input 

Timing 

Set-Up _Time (t5kl 6.5 

Hold Time (thkl 1.0 

SKIP Input Timing 

Set-Up Time (t5xl 280 

Hold Time (thxl 1.0 

I RB, I 1 - 18 Input Timing 

Set-Up Time (tsil 1.75 

Hold Time (th;I 1.0 

SK IP Output Propagation Delay (tpdxl CLOAD = 250 pF 4.4 

I 1 - 19 Output Propagation Delays CLQAD = 250 pF 

Low-to-High (tpdhil 3.6 

High-to-Low (tpdlil 3.0 

Fl - F3 Output Propagation Oelay CLOAD = 100 pF 4.4 

(tpdf) 

F4 Output Propagation Delay (tpdf) CLQAD = 50 pF 4.4 

F4 Output Transition Time 

Rise Time (trl CLQAD;:: 20 pF 0.3 

~ K1--K4, INB V1tt ,.,,.i.."""'""'""'""'"""'"""""',F""T----r------r--""'\,~~~V':"":"\ .t-----r-----r---
~ Fl-Fl Vit ............. .,.. ......... """ .... CJ''!o--!-----+-----+---"t'._.4-'..::,_"-"..:..;'"''f-----\-----+----

INTERNAL 
CHIP CYCLE 

FIGURE 1. MM5781 Input/Output Waveform Timing 

UNITS 

kHz 
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ns 

ns 

µs 

ns 

ns 

ns 

µs 

µs 

ns 

µs 

µs 
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µs 
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µs 

µs 

µs 

µs 



ac electrical characteristics MM5782 - 0°C to +70°C, unless otherwise noted (Figure 2) 

PARAMETER CONDITIONS MIN TYP MAX 

OSC Input Frequency (1/tpl 320 400 

OSC Duty Cycle 46 56 66 

OSC Input Transition Times 

Rise .Time (tr) RC= 0.15µs 350 

Fall Time (tf) CL= 25 pF, RL =6 kn to Vss 50 

SYNC Output Cycle (tb, Bit Time) 320 kHz:::; fosc:::; 400 kHz 10 12.5 

SYNC Output Timing CL= 250 pF 

High-to· Low Propagation Delay 0.1 1.65 

(tpdsll 
Low-to-High Propagation Delay 0.1 1.25 

(tpdshl 

Initial Transition Delay (thsl 0.1 0.8 

11 - Is. SI and SKIP Input Timing 

Set-Up Time (t5xl 1.5 

Hold Time (thldxl 0.5 

DO 1 - DO 4 and SO Propagation CL= 100 pF (00 1 - DO 4) 

Delay (tpddigl CL= 250 pF (SO Only) 0.5 4 

Sa - Sg. Sdp Propagation Delay CL=100pF 6.0 

(tpdseg) 

SKIP Output Timing CL= 250 pF 

tpdxh 2.4 

tpdxl 2.4 

thx 0.1 

lnterdigit Blanking Time (Figure 5) 

T1 tb = 10µs, 6.5 7.5 

Display Blanking . (Figure 5) 

T1 + T2 + T4 tb = 10µs, 38 40 

timing diagram 

DSC 

l 
! ·:: :::-------1,.-----~""-"""_ """_ """_ ... o--t---,..-........... 1-:---1-----+----+---

c:i!~~~~~ 1/12 , ¢2D 4>1 4110 1>2 t>ZD ~1 1D1D-

t1 t1 . 
Note 1 : OSC input duty cycle = -- = -

t1 + t2 tp 
Note 2: SYNC provides a 1 of 4 timing relationship with OSC input, to establish OSC edges as references for the 1/0 timing. 
Note 3: OSC output rise time is determined by capacitive loading and programmable pull-up resistor at the MM~781 
input, programmed to 'provide Re::;, 0.15µs. 

FIGURE 2. MM5782 Input/Output Waveform Timing 
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~ functional description 

:E 
:E 

MM5781 CONTROL ROM ELEMENT (CRE) 

Sixteen kilobits of ROM are organized as 32 pages of 
64 8-bit instruction words each. Eight instruction lines 
and a SKIP signal interconnect the ROM with the 
MM5782 MPE circuit. Addressing is by an 11-bit P.C. 
register with two 11-bit push-down address save registers. 
Four dynamic switch inputs K 1-K4 and a static switch 
input (INB) allow scanning of up to 56 keys and 14 
static switches directly. A sixth input (IRB) drives an 
internal latch that can be used as a program controlled 
interrupt function. 

There are also three program definable 1/0 ports (F 1 
F3) and an· additional blanking output F4. The F1-F4 
outputs are latched. Four MM5781 's may be used with 
a single MM5782 without additional interface circuits. 
Figure 3 shows the MM5781 logic diagram. 

Kl 

KZ 

Kl 

K4 

INB 

osc 
SYNC 

v,. 
v,, 

ROM 
ZIM8X8 

116Kl 

SAVE REG 

LOGIC 

IHI 
SA 

11 

SKIP 

F1/IN1 

IRB 
POWER 

ON 

F3/IN3 

F4/BLK 

TEST 

FIGURE 3; MM5781 Control and ROM Element 
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MM5782 MEMORY AND PROCESSOR ELEMENT 
(MPE) 

The MPE contains 640 bits of RAM organized as 10 
16-digit registers. Other register lengths are possible 
under control of the program. The RAM is addressed 
by the 8-bit B register. The upper 4 bits (Brl select a 
particular register and the lower 4 bits (8dl address 
the 4-bit words with the register. 

Arithmetic and logic functions are performed by the 
4-bit binary adder with results stored in. the accumulator. 
The C flip-flop is used for carry bit storage, display 
decimal point location, and may be utilized to control 
the skip instruction: 

Digit timing information for externaf keyboard scanning 
and for driving displays is encoded into a 4-bit code 
and presented on the D01-D04 lines. Eight outputs 
are decoded by the segment PLA and brought out as 
7 segments, BCD, or individually set outputs under 
program control. Display output timing is shown in 
Figure5. 

Serial data may be transferred froin and intp -the accu
mulator A on the Serial Input (SI) and Serial Output 
(SO) lines. Decimal point position for serial data is given 
on Sp. 

The MM5782 logic diagram i~ shown in Figure 4. Tables 
I and II list the instruction set and corresponding ROM 

·Codes for the MM5781, MM5782 System. 

TYPICAL CALCULATION TIMES 

System calculation times will vary with the programmed 
algorithms. The formulas listed reflect one method. 

• Time to add or subtract two numbers: 
T= ((2N +20) M + 5N + 10) tb 

where 
N = number of digits per register 
tb =bit time= 10µs nominal · 
M = number of shifts required to align decimal point 

• Time to multiply two N-Digit numbers: 
T= ((5N + 15) P+ (4N +20) N + 10) tb 
where 

P =sum of multiplier digits, i.e., if multiplier= 3211, 
P=3+2+1+1+=7 

• Time to divide two N-digit numbers: 
T= ((SN+ 15) S+(14N +40) N + 10)ti:, 
where 
S = sum of digits in answer, i.e., if answer= 1234, 
s = 1 + 2 + 3 + 4 = 10 

• Time to enter a BCD number: 
T= 13N tb 



functional description (con't) 
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SI 
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FIGURE 4. MM5782 Memory and Processor Element 
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, -BIT :IMES ~BIT ~~ME~-j I 24 Display Timing 
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T1 = 7.5µs =Digit Blanking 
T2 = 17.5µs 

200 
Note 1: Duty cycle = --- 5.2% 

T3 = 200.0µs 
T4 = 15.0µs 

240 x 16 19.2 
Digit time= 240.0µs with 7 .5µs digit blanking 

and 40µs segment blanking 

FIGURE 5. Display Output Timing 
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typical applications 

J,J,, 5 7 ' 11 13 15 11 l rn 12 13 14 15 16 17 
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FIGURE 6. Typical 10-Digit Scientific Calculator 

Typical application of the MM5781, MM5782 set as. a 
scientific calculator is shown in Figure 6. The MM5781 
may be programmed to interface with most low cost 
keyboards which are often the least desirable from a 
false or multiple entry viewpoint. 
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When a key closure is sensed by the MM5781, an internal 
timeout may be programmed to occur. Noise voltages 
of significant magnitude which occur on the K1-K4 
inputs cause the timeout period to be restarted. In this 
way a key closure is accepted as valid only after a 
predetermined noise-free period of time. -Key release 
may be validated in the same manner. 



typical applications (con't) 
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Versatility of the COP set is illustrated in Figure 7, 
showing a multiple ROM system configured for an 
industrial controller application. 

In this application, Control ROM A is programmed to 
debounce the keyboard inputs as described above. 

Control ROMs B and C utilize the K1-K4 lines as 
general purpose wired inputs. If additional RAM is 
required. the MM57B5 RAM Interface chip allows up 
'to four 1024 x 1 RAMs to be accessed through the 
SI a11d SO parts of the MM5782. 
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register and 1/0 port definitions 

TABLE I. 

DESCRIPTIONS DESIGNA TIDNS 

MPE - MEMORY AND PROCESSOR ELEMENT 

640-Bit RAM M 
10 Registers x 16 Digits x 4 Bits (r x d x z) 

8-Bit RA_M Address Register B 

I I I I I I I I I 
Br (Register) Bd (Digit) 

4-8-it Accumulator A 

4-Bit Holding Register H 

1-Bit Carry Register c 
1 Latched Output (Decimal Point) Sp 

4 Latched Digit Outputs 004-001 

4 Latched Segment Outputs: S3-S9 
Direct or Decoded to 7-Segment ~utputs 

Serial Input and Output SI-SO 

CRE - CONTROL AND ROM ELEMENT 

16,384-Bit ROM 1a-11 

11-Bit Program Address Register p 

[ Page Pp (Pl 1 - P7) J Word Pw (P6-P1) 

2 x 11-Bit Program Address Save Registers SA1-SA11 
S91-S911 

4 General Purpose FlagS (Latched) F1-F4 

4 Keyboard Inputs K1-K4 

Static Switch Input INS 

!nterrupt Input IRB 

standard instructions 

MNEMONIC DATA FLOW STATUS - SKIP IF DESCRIPTION 

EXC (r) A-M (BJ Exchange data word at M(B) with A 

Br('±) r -T Br EXCLUSIVE-OR Br with r. r = 0, 1, 2, 3 

~ EXC-(r) A-M (BJ Exchange and decrement Bd 

"t Br (D r-> B,, Bd - 1 -> Bd Bd-> 15 EXCLUSIVE-OR Br with r 

o· EXC+(r) A-M(BJ Bd-+Oor Exchange and increment Bd 

·" Br (Dr-> Br, Bd + 1 -> Bd Bd-> 13 EXCLUSIVE-OR Br with r .!!' 

" 5 MTA (r) M (BJ~A Load accumulator with data word at M (B) 

~ 
Br@r-+Br EXCLUSIVE-OR Br with r 

LM (Y) Y~M (BJ Load memory with Y, Y ""0, 1, 2, ... 15 

Bd+l->Bd Increment Bd 

·" ~ SM (Z) 1-> M (B,ZJ Set bit Z of M (BJ. Z = 1, 2,4, 8 
~.g 
0 ~ RSM (Z) o~M (B, ZJ Reset bit Z of M (BJ 
E u 

:i ~ TM(ZJ M (B, Zl = 0 Test bit Z of M (8), skip if zero 

LB (r,d) r-+ Br, d-+ Bd r=0, 1,2,3.d=O, 11, 12, 13, 14, 15 
!! Load B register. Successive LB's are ignored .5! 

l LBL (I) 19_5-> B,, 14-1-> Bd 2 micrOcycle instrlictiOn. Load next ROM 

0 word into B register 

! ATB A-> Bd Transfer contents of accumulator ,, ,, 
to Bd register < 

5 BTA Bd-> A Transfer contents of Bd register to 

~ accumulator 

HXBR H-B, Exchange contents of H and Br registers 

9-12 



standard instructions (con't) 

t: 
~ 

= a. 
.: 

MNEMONIC 

GOTO 

(GOI 

CALL 

RET 

RETS 

LG/GO 

LG/CALL 

CALX INI 

RTX IOI 

NOP 

AD 

ADD 

SUB 

COMP 

OTA 

ADX (YI 

HXA 

TAM 

SC 

RSC 

TC 

BTD 

DSPA 

DSPS 

AXO 

LDF 

TIN 

TK (NI. 

TKB 

TIR 

DATA FLOW 

l5-l14PW 

If Pp= 1111X:111104 Pp 

15-11-Pw, 11111-+Pp 

11Pp*1111x:sA~ss, 

P + 1-+SA 

SA_,,. p 

Ss ~ SA, Ss ~ Ss 

SA 4 P 

Ss 4 SA, Ss ~ Sg 

Load P 

SA-> S9, P + 1 --+SA 

Load P 

In active CRE -

P + 1 -SA 

SA 4SB 

Q4P 

In selected CA E -

15-+ I 1 -+PW 

0-+ Pp 

In active CRE -

P + 1 -+SA. SA-+ Ss 

Q4P 

In CRE IOI -

SA-+ p 

SB4SA 

C+M+A-+A 

o~ C if A< 10 

1-+ C if A~ 10 

M+A+C--+A 

Overflow._.,. C 

A-+ A 

A+Y-+A 

1~c 

Bd 4 D04 - D01 

A-+Sa -Sd 

Q4Se-Sg 

C-+ Sp 

A~Sa-Sg 

c-~ Sp 

SI 4A 

A-+ SO 

14 FINI 

if F4 = 0 

if F4 = 1 

STATUS - SKIP IF 

SKIP 

Overflow 

No overflow, Y =F 6 

A= M (Bl 

C=O 

INB = 1 

K (NI= 1 

FINI= 1 

KINI= 1 

-'"IRB 
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DESCRIPTION 

Load next ROM instruction add~ess. lf oh 

page 36g or 378 reset page address to 36g 

Call subroutine. If not page 36s or 373, set 

page address to 379. Push down address 

save registers 

Pop up ROM address save registers 

RET, then skip next iristruction upon return 

2 microcycle operation, long GQ TO, load 

Pp and Pw 

2 rnicrocycle operation.' Long cal\. Load Pp 

and Pw. Push down address save registers 

2 rnicrocycle operation, N = 1, 2, 3. Call 

additional CRE {N). Push down address save 

registers of active CRE. Load P of selected 

CAE {N) from next instruction word 

2 microcycle operation. Return to CRE (0). 

Pop up ROM address save registers in CRE (O). 

Push down ROM address save registers of active 

CRE 

No operation 

Add M (B) to A, store sum in A 

Add carry bit to M (B), add sum to A, 

store sum in A 

Set C if.A~ 10, reset C if A< 10 

Subtract A from M 

Overflow to C 

One's complement of A to A 

Clear accumulator 

Add constant (Y) to A, store sum in A 

y = 1, 2, ... 15 

Exchange contents· of H register with A 

Compare contents of A to M (8). skip if 

A= M (Bl 

Set C register 

Reset C register 

Skip if C"" 0 

Transfer contents of Bct to digit output latches 

A4-A1 to output latches, directly to outputs Sa-Sd 

0 t6 outputs S8 -Sg 

C to Sp latch 

A to output latches, 7~segrnent decoded to Sa-Sg 

C to Sp latch 

Exchange accumulator with serial input/output 

N = 1, 2, 3, 4. Load ·F (N) from next instruction word 

2 microcyde instruction 

Test INB. Active state of input is programmable 

N = 1, 2·, 3, 4. Active state of input is programmable 

·N = 1, 2, 3 

N = 1, 2, 3, 4. Skip if any K input active 

Test IRB. Skip if IAB has changed since last test of IRB 

ml 
I 



operation codes 
TABLE II. 

OP COOE MNEMONIC 

lg 17 15 15 14 13 12 11 00 01 10 11 

00 xx 00 00 NOP DSPA COMP OTA 

00 xx 00 01 HXBr DSPS AXO HXA 

00 xx 00 10 ~.DD AD SUB TAM 

00 xx 00 11 SC LBL RSC LDF 

00 xx 01 00 TK1 TK2 TK3 TK4 

00 xx 01 01 TIR TKB BTD TIN 

00 xx 01 10 MTA (r) 

00 xx 01 11 EXC (r) 

00 xx 10 00 EXC-lrl 

00 xx 10 01 EXC+(c) 

00 xx 10 10 LB (r, Oi 

00 xx 10 11 LB Ir, 11) 

00 xx 11 00 LB Ir. 12) 

00 xx 11 01 LB Ir, 13) 

00 xx 11 10 LB Ir, 14) 

00 xx 11 11 LB (r, 15) 

01 00 00 xx RET RETS RSM 181 STA 

01 00 01 xx TM 111 TMl21 TM 141 TM 181 

01 00 10 xx RSM 111 SM 111 SM 181 RSM (41 

01 00 11 xx RSM 121 TC SM 121 SM 141 

01 01 00 xx ATB ADX 111 ADX (21 ADX 131 

01 01 01 xx ADX 141 ADX 151 ADX (6) ADX (7) 

01 01 10 xx ADX 181 ADX 191 ADX (10) ADX 111) 

01 01 11 xx ADX (121 ADX 1131 ADX (14) ADX 1151 

01 10 00 xx CALX LG (35, 34) LG 133, 32) LG 131, 301 

01 10 01 xx LG 127, 26) LG 125, 24) LG (23, 22) LG (21, 20) 

01 10 10 xx LG 117, 16) LG 115, 141 LG 113, 12) LG (11, 10) 

01 10 11 xx LG 17. 6) LG 15, 4) LG (3, 1) LG 11, O) 

01 11 00 xx LM IOI LM (1) LM (2) LM (3) 

01 11 01 xx LM 141 LM 15! LM 16! LM (71 

01 11 10 xx LM 181 LM (9) LM 1101 LM (11) 

01 11 11 xx LM 1121 LM 1131 LM 114) LM 1151 

10 xx xx xx CALL 

11 xx xx xx GO 
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MM5785 RAM interface chip 

general description 

The MM5785 provides the required level conversion 
between the MM5782 or M M5799 Controller Oriented 
Processors and external RAM memory. It is intended for 
use with the MM74C930 and MM2102 1 k RAMs as a 
means of expanding system data storage capability. 

The MM5785 RAM Interface Element allows direct 
connection of four 1024 x 1 organized read/write 
memories to the processor. Figure 1 is a block diagram 
of the element. Additional interface elements may be 
added using decoded digit lines from the decoder/driver 
as chip selects. 

The chip contains a 9-stage address and control bit 
holding register, a 6-bit incrementing register, control 
logic and data buffers. A power-on sequence resets all 
registers when power is applied. (Figure 5.) 

In operation, the chip select is energized and a syn
chronizing bit followed by the R/W mode select bit, 
four chip select bits (CSA-CSD), and the register select 
address bits (A9-A6) are. shifted into the holding register 
(R) through the DIN input port. The 6-bit address 
register then sequentially addresses each of the 64 bits 

block and connection diagrams 
DoR A9-A6 CSA-CSO WE 

"'" CSA-0 

osc CSl 

CONTROL 
SYNC 

CSR SELECT 
(BAM CONTROL) 

Vee A5-ll DO 

Vss Voo A5-All DIR 

INPUT DATA FORMAT 

A9-A6 CSA-CSO I WE I SVNC I 
BIT NO. 10 7 6 

FIGURE 1. MM5785 RAM Interface Element 
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COPS 

with.in the selected register. In the Write mode, data to 
be stored is transferred from the processor on the D1N 
line and outputted to the memory on the DOR line. 
When reading, data flow is from the memory chip to the 
DIR pin. The data is buffered and shifted out to the 
processor on the DO line. All registers are cleared when 
the address sequence is complete. 

Four to sixteen line decoding of the CSA-CSD lines 
allows. addressing of as many as sixteen 1024-bit RAMs 
using a single MM5785. When interfacing memory circuits 
such as the MM74C930 or MM2102 to the MM5785, one 
transistor is required for the CSR (BAM control} line as 
shown in Figure 2. 

features 

• Directly interfaces the MM5782 and MM5799 Con
troller Oriented Processors to external RAM 

• Compatible with low power CMOS MM74C130 or 
low cost MM2102 RAM 

• Internal power-on dear 

Dual-In-Line Package 

" CSR \BAM DI 
CONTROL) 

SELECT l7 SYNC (FROM .MM5782\ 

26 
Voo osc 

25 
vcc OOR no RAM) 

NOT USED 
24 .A9 

23 
AO A8 

" Al Al -

21 
A1 A6 

A3 
20 

DIR 

10 19 
00 A4 

11 18 
cso A5 

12 17 
ese WE 

13 16 
eSl esa 

14 15 
Vss CSA 

TOP VIEW 

Order Number MM5785N 
See Package 23 
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absolute maximum ratings 

Voltage at Any Pin Relative to Vss Vss + 0.3V to V55-12V 
(All Other Pins Connected to V55) 

Ambient Operating Temper8ture 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

0°C to +70°C 
-55°C to +150°C 

300°C 

de electrical characteristics (TA= 25°C) 

PARAMETER CONDITIONS 

loo Operating Supply Current VoD = Vss - 9.5v 

ice Operating Supply Current Capacitive Loading Only 

operating voltage range 

7.9V $. Vss -Voo $.9.5V,4.5V $.Vee -Voo $. 5.5V 
(V SS is always the most positive supply voltage) 

MIN TYP MAX UNITS 

8 15 mA 

100 µA 

ice Peak Current CL= Max, R L =Open Circuit, 33 mA 

Duration = 400 ns 

OSC Input Levels 

V1H Logical High Level Voo = Vss-7.9V Vss:-,1.0 v 

V1L Logical Low Level VoD = Vss - 9.5V VDD+l.5 v 

D1N. SYNC Input Levels 

V1H Logical High Level VDo = vss- 7.9V Vss:-1.2 v 

V1L Logical Low Level VoD = Vss - 9.5V Vss:-4.0 v 

DIR Input Levels 

V1H Logical High Level voo+2.o v 

V1L Logical Low Level Voo+0.4 v 

Select Input Levels 

V1H Logical High Level voo=Vss-7.9V Vss:-3.2 v 

V1L Logical Low Level Voo = Vss-9.5V Vss:-4.5 voo+1.5 v 

voo+l.5 v 

l1H Input Current Level V1H = Vss-3.2V 

Voo = Vss- 7.9V -350 µA 

CSR Output Levels 

VoH Logical High Level IOH~-100 µA Voo+o.s v 

VoL Logical Low Level IOL~ 10 µA VoD+o.25 v 

DOR, WE, CS 1, AO-A9 

and CSA-CSD Output Levels 

VoH Logical High Level 10H'.s;-250 µA Vcc-1.0 v 

VOL Logical Low Level loL:::'.: 10 µA voo+o.5 v 

DO Output Levels 

VoH Logical High Level VDD = Vss-rnv 

loH~-loo µA Vss:-0.5 v 

VoL Logical Low Level Voo = Vss- 7.9V 

loL:::'.:25 µA VDD+3.7 v 
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ac electrical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OSC Input Frequency (1/tp) 320 400 kHz 

OSC Duty Cycle (Figure 3) 46 56 66 % 

OSC Input Transition Times 

tr Rise Time RC= 0.15 µ,s 350 ns 

tf -Fall Time CL = 25 pF, R L = 6 kfl 50 ns 

SYNC Input Timing (Figure3) 

ts Interval/Bit Time 10.0 12.5 µ,s 

tosch Hold Time 100 ns 

tstL High-to-Low Set-Up Time 680 ns 

tstH Low-to-High Set-Up Time 100 ns 

DIN Input Timing 

tstn Set-Up Time 2.5 µ,s 

thn Hold Time 1.0 µ,s 

DIR Input Timing CL -:;so pF 

tstr Set-Up Time 2.5 µ,s 

thr Hold Time 1.0 µ,s 

SELECT Input Timing CLOAD-:::; 100 pF, 
The SELECT .Input is normally (Figure 4) 

75 bits wide and envelopes 
.. 

the DIN input. The DOR out-
, 

put is the logical-OR of 

SELECT and DIN 

DOR, AO-A9 Output Propaga- CLQAD = 250 pF 

tion Delays 

tpdL. 5.0 µ,s 

tpdH 
CSA-CSD Output Propaga- CLOAD = 100 pF 

tion Delays 

tpdl 5.0 µ,s 

tpclH 10.0 µ,s 

WE and CS 1 Output Propaga- CLOAD = 250 pF 
tion Delays 

tpdl· 2.5 µ,s 

tpdH ' . 
DO Output Propagation Delays CLOAD = 100 pF 

tpdL· 2.5 µ,s 

tpdH 

Vss Power "ON" Time 

tpo (Figure 5) 1.0 ms 
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an 
~ functional description 

~ 
~ 

v,, 

MM74C930 

DI DO CS2 

r - - - - - - ,;..,..,.-=r:1;;.; - - - - - i 
Vss 

TORANi 

I 

I 
I 
I 

L------------- __ _J 

Vss 
VBAT 

1-41-+-----l>!SYNC _____ __. .... , 
BLK 

Vss 

MM5781 

K1-K4 

FIGURE 2. Hand-Held Calculator with Battery Augmented Memory (BAMI 

A power-on sequence is necessary to clear all registers 
and condition the MM5785 for data entry. Timing is 
described in Figure 5. Select must be toggled once 
before starting. 

An interface circuit is required in a non-volatile battery 
back-up system using the MM74C930. An example is 
shown in Figure 6. Before the MM5785 is selected, 
PoN is at a logical high level, 01 is "OFF," and the 

RAMs are disabled. If system power is removed, Vss 
collapses to Gnd, 01 remains "OFF" so that false data 
cannot be entered during power up. , 

During normal operation, PoN is in a logical low state 
and when the MM5785 is selected, 01 turns "ON" to 
enable the, RAMs. R L is chosen from the CSR loH 
spec to insure saturation of 01. CSR timing is shown in 

, Figure 5. 
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functional description (Continued) 

osc 

SYNC 

DIN 

DOR 

AO-A5 

A6-A9 

CSA-CSD 

WE 

CS1 

00 

INTERNAL 
CHIP CYCLE 

DIR 

DD 

V1H 
Vil 

V1H 
Vil 

V1H 
Vil 

VoH 
Vol 

VoH 
Vol 

VoH 
Vol 

VoH 
Vol 

VoH 
Vol 

VoH 
Vol 

V1H 
V1l 

VoH 
VOL 

T I 
A50NLY 

..l ~L 

T J 
:llilf SELECTED]l 

I~ 

i-"8 
HIGH~ l]ill Jl!L HIGH-Z 

1-- ¢ZD --J-- 01 --j- ¢1 D --j- ¢Z --J--- •20 --j- 01 -1-- •10 -f-- ¢2 --J--- "20 -I--•1 + 61 D -f--62-

(a) Write Mode (64 Consecutive Bit Times) 
~---+---thr-------l 

HIGH-Z 

(b) Read Mode (WE at Logical High Level. AO-A9, CSA-CSD and CS1 have Same Timing as Wri_te Mode) 

Note 1 _ Osc input duty cycle = -- = -
ti +.t2 tp 

Note 2. SYNC provides a 1 of 4 timing relationship with osc input, 
to establish osc edges as references for 1/0 timing. 

FIGURE 3. Input/Output Waveform Timing 

Al ----------------------------' 

A2 
_____________________________ _., 

A1~~~~~~~~~~~~~~~~~~~~~_.,-i_______ 
AD ~ 

--'----------------------.,.---A-6--A-.-A-N_D_C-tSA-CSD FIXED I 
>----------10 BIT TIMES--------->-----6 BIT COUNTER GENERATES~ 

64ADDRESSSTATES , 

Start bit is always positive logic "1," logical high level 
The above pattern indicates a write condition with CSA sel.ected. 

FIGURE 4. Typical Bit Pattern 
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functional description (Continued) 

SELECT 
INPUT 

'oN 
INTERNAL 

lJ 
tn r-DATA CAN BE ENTERED 

~ r---1 r-- > - 3.2V 

L__J L-.....J . :5:Vaa+t.SV 

Fl.GURE 5. Power-Up Timing 

~~~1 
L_Jj"'"~ 

I •oN 

I 
L_ 

MM5185 

- - _.:::. .J 

FIGURES 
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MM5788 printer interface chip 

general description 

The MM5788 is an MOS/LSI device designed to 
interface the National Controller Oriented Processor 
sets with various rotating drum and start-stop printers, 
as shown in Figure 1. It will drive up to 20 parallel 
print columns, with controls for ribbon color, paper 
feed, and paper take-up. An additional 4-bit output 
port provides a 1 kHz tone signal and there are three 
general purpose outputs under control of the processor. 

The MM5788 can also be used as a general purpose 1/0 
chip. In this mode, ten column drivers are outputs and 
nine function as input/output ports, all under program 
control. 

block diagram 

SYNC 

osc 
cs 

1 kH2 

1 2 ... 10 11 ... 20 

COLUMN OUTPUTS 
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features 

• Capable of driving Seiko Models 102, 104, 210, 220, 
101T, 310 and 320 (20 columns) 

• Paper feed inhibit for overprinting 

• Multiple paper feeds (up to 15) 

• Tone output for audio bleep under program control 

• Internal power "ON" clear 

• Single power supply operation 

• TRI-STATE® handshake acknowledge to allow mul
tiple MM5788's and other peripherals to be intermixed 
for system expansion 

• General purpose 1/0 mode 

• On-chip comparators to detect printer .timing signals 

I 
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absolute maximum ratings operating voltage range 

Voltage at Any Pin Relative to Vss 
(All other pins connected to V55) 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature 

Vss +0.3V to Vgg-12.0V 

0°C to +70°C 
-55°C to +150°C 

300°C 

6.5 s v 85 - v 00 s 9.5V 
(Vss is always the most positive supply voltage) 

de electrical characteristics (Ambient Operating Temperature) 

PARAMETER CONDITIONS MIN TYP 

100 Operating Supply Current TA=25°C 

Voo = Vss -9.SV 10 

OSC Input Levels 

V1H Logical High .Level Voo = Vss --6.SV vss-o.s 

Voo = Vss-7.9V V55-,1.0 

VIL , Logical Low Level Voo = Vss -9.sv 

SYNC, DATA, and C2 through 

C10 Input Levels 

V1H Logical High Level Voo = Vss --s.sv Vss-1.0 

Voo = V55-7.9V Vss-1.2 

V1L Logical Low Level Voo = Vss -9.sv 

CS (Chip Select) Input Levels 

V1H Logical High Level voo = Vss -a.sv Vss-2.0 

Voo = V55-7.9V V55-3.2 

Voo = Vss -9.SV V55--4.2 

V1L Logical Low Level Vss -9.SV:::; Voo $ Vss -6.SV 

l1H Input Current voo = Vss -7.9V 

V1H=V55-3.2V -350 

PF, RRIB, PRG, PTU and PRM 

Output Levels 

IOH Logical High Level VoH = Vss -0.9V, -0.7 

Voo = V55-7.9V 

VoH = Vss -0.9V, 

Voo = Vss -9.sv 

Cl through C20 Output Levels 

IOH Logical High Level VoH = V55-0.9V. -0.7 

voo = Vss -1.0v 

VoH = Vss -0.9V, 

voo = Vss -9.sv 

T P• Tr Input Levels 

V1H Logical High Level ·Voo+o.3 

V1L Logical Low Level 

AK Output Levels 

VOH Logical High Level Voo = Vss --s.sv v 55-o.0 

1 loH I< 100µA 

VOL Logical Low Level Vss -9.sv $ Voo $ Vss --s.sv 

lloLl<25µA 

XO, X1, X2and X3 

Output Level 

loH Logical High Level VoH = Vss-0.9V, -0.7 

Voo = Vss-7.9V 

VoH = Vss -0.9V, 

Voo = Vss -9.sv 

AK TRl:STATE Outputs 

loH Unselected Level Vo= Vss -0.SV, cs= V1H -10 

IOL Vo= Voo +O.SV, cs= VfH -10 

Vss -9.SV $ Voo $ Vss -6.SV 
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MAX UNITS 

mA 

v 

v 

Voo+1.s v 

v 

v 

Vss-4.o v 

v 

v 

v 

Voo+1.o v 

µA 

mA 

-3.0 mA 

mA 

-3.0 mA 

v 

Voo+o.1 v 

v 

vss+3.7 v 

mA 

-3.0 mA 

+10 µA 

+10 µA 



electrical characteristics 
. 

ac 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

lb Bit Time (Figure 5) 10 12.5 µs 

OSC Duty Cycle (Figure 4) 46 56 66 % 

1/tp OSC Input Frequency (Figure 4) 320 400 kHz 

OSC Input Transition Times Voo = Vss-9.sv, RC =·0.15µs, 

(Figure 4) 

tr Rise Time 350 ns 

tf Fall.Time 50 ns 

SYNC Input Timing Voo = Vss-7.9V, (Figure 4) 

tosch Hold Time 100 ns 

tstl High-to-Low Set-Up Time 680 ns 

ts th Low-to-High Set-Up Ti me 100 ns 

CS Input Transition Times Voo = Vss-7 9V, (Figure 4) 

tr Rise Time 2.0 µs 

tf Fall Time 10.0 µs 

lpdl High-to-Low Propagation Time 0.5 µs 

tµdh Low-to-High Propagation Time 2.5 µs 

AK Output Trahsition Times Voo = Vss-6.5V, CL :s:;·100 pF, 

(Figure5) 

tr Rise Time 1.4 µs 

tf Fall Time 2.3 µs 

tpdl High-to-Low Propagation Time 3 µs 

tpdh Low-to-High Propagation Time 2.4 µs 

PF, RRIB, PRG, PTU, PRM, TONE, Voo = Vss-6.5V, CL= 100 pF, 

C1 --C20 and X1-X3 REXT = 10k, (Figure 5) 

tr Rise Time 3 µs 

tf Fall Time 4.5 µs 

tpdl High·to-Low Propagation Time 4.5 µs 

. tpdh Low-to·High Propagation Time 4 µs 

connection diagram (Dual-In-Line Package, Top View) 

1 
Vss 2 
C15 "7 
C14~ 
C13 --'-

5 
C11 ~ 

C11 _!. 
PF ..2., 

RRIB-+ 

PTU -;'; 
PRG~ 

PRM ..!.!, 
11 

SYNC 1j' 
osc 7. 

OATA...;.;. 

cs~ 
AK...!!!, 

er ..!.!, 
C2 ~ 
CJ~ 
C4 ..!!!, 

..;. C16 

Ee,, 
..?!.. C18 

~ C19 

i2!- C10 

~NC 
~X3 
~X1 

31 17," Voo 
t-::-x.1 
~XO 
il?.- TP 

" I-::- TR 
17 

I-::- ClO 

i-!!. C9 

ENc 
~C8 
~Cl 
~.CG 
il!- cs 

Order Number MM5788N 
See Package 24 

Inputs 
osc 
SYNC 
cs 
Data 
TP, TR 

Outputs 
AK 

PF 
PTU 
PRG 
PRM 
RRIB 
XO 
X1-X3 
C1-C20 

Pin Descriptions 

- 400 kHz input from system osdllator 
- SYNC signal input from MM5782 
- A logical low level enables the chip 
- I nPut for ccintrol and data to be printed 
- I np·uts for synchronizing pulses from the controlled printer 

- Handshake output-functions as "READY" flag. Responds to 
CS with logical high level if ·ready to accept' data in Printer 
Control Mode. Operates as serial data output in general purpose 
1/0 mode. TRI-STATE 

-

-
-

-
-
-
-

Paper feed control 
Paper take up control 
Individual paper feed controls for dual tape printers such as the 
Seiko 101T 
Ribbon color control 
1 kHz Tone Output ·under program control 
General purpose latched outputs under program control 
Colufnn drive outputs (BCD digits. 1 _:__20 in command data field) 

The PF, PTU, PRG, PRM, RRIB and XO-X3 outputs are contro!led by command 
and operand signals from the MPE of the TCS processor set. Figure 3 shows a 
timing example .. Table I lists the various instruction codes. 
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functional description 
The MM5788 timing is derived from an external 400 kHz 
oscillator (OSC) which also drives the MM5781, MM5782 
processot. Bit synchronization is attained by using the 
processor SYNC output together with OSC to generate 
the 100 kHz internal clocks. All interface signals 
between the MM5788 and the processor are designed 
to move on the rising edge of OSC and be sampled on 
the falling edge of OSC. 

PROCESSOR HANDSHAKE 

The MM5788 receives commands and data serially from 
the processor. The handshake sequence is as follows: 
with timing diagram shown in Figure 2. 

• The processor drives the Chip Select (CS) line to a 
logic low level state, enabling the TRI-STATE buffer 
on the MM5788 acknowledge output (AK). 

• The AK output responds with a logic high state if 
ready to accept data or a logic low state if busy. 

• If AK is a logic high state, the processor waits for a 
start window (logic low state) on the AK line. The 
window is 4-bits wide and is used to synchronize the 
internal recirculating registers with the incoming data 
stream. The wait time is from 1 to 36 bit times. 

• Upon detection of the start window, the processor 
sends a serial data stream on the DATA line. This 
data stream consists of a start bit (logic high state) 
followed by a 4·bit command, a 4-bit operand, and 
up to 80 bits (20 digits) of BCD data. The BCD digits 
1-20 ·correspond to column outputs C1-C20, 
respectively. 

• The MM5788, responding to the start bit, shifts in the 
next 88 bits from the DATA line, drives AK to a low 
state, decodes and carries out the action specified by 
the command. The processor need send only the 4-bit 
command, the Operand and Data fields are optional. 

TABLE I. Instruction Codes for MM5788 

INSTRUCTION 

Print 

Paper Feed 

Lines Fed 

1 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

MOD 310 

Others 

Read External 

xx xx 
Reset 

Model 310, 320 

102, 104, 210, 220 

101T 

Load 

OPERAND 

1000 

0000 

ABCD 

0000 

1000 

1100 

1010 

0111 

0100 

0110 

1101 

0011 

0010 

1011 

1110 

0001 

1001 

0101 

1111 

dddd 

10dd 

01dd 

11 dd 

X3X2X1XO 

dddd 

CODE 

COMMAND 

OXYZ 

OXYZ 

10YZ 

1110 

1111 

1111 

1111 

1100 

1101 

9-24 

DESCRIPTION 

X = 0 Print Black 

X = 1 Print Red 

YZ = 00 Feed M, G 

YZ = 01 Feed G 

YZ = 10 Feed M 

YZ = 11 No M, G Paperfeed 

YZ = 00 Feed M,G 

YZ = 01 Feed G 

YZ = 10 Feed M 

YZ = 11 No M,G Feed 

Load C2-C10 serially on to AK 

Load Operand X3X2X1 XO into output latch 

Load data field into output buffer register 



functional description (con'd) 

TP II II 

DSC 

SYNC 

Vss 

Voo 

cs 

Vss Voo 

KEYBOARD l-!4._J ------K1-K4 

(14) 

(1) 

MM5788 

INB MM5781 

B~~c SYNC 'r's SKIP 

(8) 

so. 

(2) TIMING 

DRIVER 

DRIVER 

DRIVER 

FIGURE 1. Typical Printing Calculator Application 

Vss 

vDD 

MOTOR CONTROL (2) 

AK-----' ~~ 
1:---1-36 BIT TIMES---+-- 4 e'rT TIMEs--1 

DATA--------------~-
FIGURE 2. Handshake Timing 

II II II II ·~1--'-' -~''~/~!~'~'~~"-·~-"~~'-'~-'-'~-

RRIB _____ _.r-i .. ________ _, ,_ _____ _, ... ---------------

Cl -----------------1~1---------------~ 
C2 
___________ ... 

CJ ----------'fl2i1'"------11--------11----------------
C4 _______________ __,,__ _________ __.r(ii"1 .. _______ ~ 

PTU -----------------1 ... ---------------"' 
PF -----------------1!------------------..,...r----t_ 

FIGURE 3. Timing Example for Printing 123. in Red on Seik!> 102 Printer 
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functional description (con'd) 

T1 T1 
Duty cycle~--- ~ -

DSC 
T1 +T2 Tp 

INPUT 

Von 

FIGURE 4. Input Waveform Timing 

DSC 

VIH 
SYNC 

Vil 

AK 
VoH 

Vol 

PF, RRIB, PRG, PTU, 
PAM, TONE, VOH 

C1-C20 AND 
X1-X3 Vol 

INTERNAL ¢10 
CHIP CYCLE 

FIGURE 5. Output Waveform Timing 
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COPS 

MM5799 Controller Oriented Processor 

general description 
The MM5799 is an MOS/LSI device containing all 
system timing, logic, RAM and control ROM functions 
required for implementation of a Controller Oriented 
Processor. It is capable of scanning up to 56 keyboard 
switches or data may be entered as BCD data words. 
Eight outputs present information in either BCD or 
7-segment plus decimal point format and 4 additional 
latched outputs provide encoded digit timing informa
tion. Serial 1/0 ports allow expansion of the basic 
384-bit RAM store and interface to peripheral equipment 
such as printers. The circuit is capable of being 
programmed to perform a wide range of customer 
specified computation and control functions.· 

features 
• 10µs microinstruction cycle time 

• 1536. microinstruction ROM (8-bit instruction set) 

block diagram 

K1 
K2 
KJ 
K4 

Vss 
voo 

PO 

ROM 
1536 X B 

OSC SVNC 

(8) 

FJ F2 f.1 

• 384-bit RAM (96-digit) 

• 5 data or control inputs that provide keyboard 
scanning or BCD inputs 

• Internal power on clear with programmable external 
override 

• Serial input and serial output for data storage expan
sion or interface with a variety of peripheral interface 
chips 

• 3 general purpose input/output lines plus "blanking" 
output 

• 8 fully programmable outputs (7-segment, BCD, etc.) 

• Internal or external oscillator 

• Single power supply operation 

• Direct segment drive of LED's 

• Fully compatible with TCS peripheral interface 
elements and can be programmed to function as a 
secondary processor element in TCS system 

$KIP 
DECODE 

/NB 

'------+! F/P 1-------t--

DSP 

28-PIN 

001 

001 

QOJ 

004 

BlK 

s, 
s, 
s, 
•• s, 
s, 
s, 

SI 

so 

s, 

FIGURE 1. 
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O> 
O> absolute maximum ratings ..... 
in 

Voltage at Any Pin Relative to Vss Vss +0.3V to Vss -12v 
~ 
~ 

(All Other Pins Connected to Vssl 
Ambient Operating Temperature 0°C to +70°C 

Ambient Storage Temperature -55°C to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

de electrical characteristics 0°C-:;_ TA S +70°C, 7.9V S Vss - Voo S 9.5V unless otherwise stated 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Voltage (Vss - Vool 7.9 9.5 v 

Operating Supply Current (I DD) Vss- Voo = 9.5V, TA= 25°C 12 18 mA 

(Excluding Outputs) 

Osc Input Voltage Levels 

Logic High Level (V1HI Vss - Voo = 7.9V Vss-1.0 v 

Logic Low Level (V1Ll vss - Voo ~ 9.sv v 00+1.5 v 

Osc Input Resistance To Vss Two Options 3 krl 

6 krl 

INB, K1-K4, F1-F3 (For Keyboard) 

Input Voltage Levels 

Logic High Level (V1Hl vss - voo = 7.9v V55-3.2 Vss v 

Vss - Yoo= 9.sv v 55-4.5 vss v 

Logic Low Level (V1LI Voo+i.5 v 

INB, K1-K4 Input Voltage Levels (As Logic Input) 

Input High Level (V1Hl V55-1.o v 

Input Low Level (V1Ll Vss-4 v 

INB. K 1-K4 Input Current Levels (Through Keyboard) 

Input High Level !l1Hl V1H = Vss - 3.2V -350 µA 

Input Low Level (l1Ll V 1 L = Vss ·- 32V, Fluorescent Display -20 µA 

003 Input Voltage Levels 
(See Option 10) 

Logic High Level (VI H) 7.9v <; Vss - voo <; 9.sv V55-3.5 v 

Logic Low Level (V1Ll Vss - Voo = 7.9v Voo+2.5 v 

vss - voo = 9.5v voo+3.o v 

SI and Sync Input Voltage Levels 

Logic High Level (V1HI Vss - Voo = 7.9v Vss-1.2 v 

Logic Low Level (V1L1 vss - Voo = 7.9v Vss-4.0 v 

D01, 002, 004 Output Voltage 

Levels (Encoded Digit) 

Logic High Level (VoHl Rt.= 150 krl Vss-1.0 Vss v 

Logic Low Level (Vo Ll IQL = 3µA (If Load Present) voo v 00+o.5 v 

Logic High Level Current !IQH) Vss - voo = 19V 

VoH=Voo+1.5V -260 µA 

003 Output Voltage Levels 

Logic High Level (VOHl RL=150krl V55-1.0 Vss v 

Logic Low Level (VoLl loL = 3µA (Load Present) Voo voo+o.s v 

Logic High Level Current !loHI Battery Low "OFF," from 058664 

VoH = Voo + 3V 

Vss - Voo = 9.sv -·1.3 -0.3 rnA 

VoH =Yoo+ 2.5V 

vss Voo = 7.9V -1.0 -0.4 rnA 

Battery Low "ON," from DS8664 

VoH=Vss-3V 

Vss - voo = 7.9v -0.3 rnA 

VoH = V55-3V 

vss - Voo = 9.sv -0.4 mA 

Sa-Sg and Sp Output Current Levels (see option 7) 

Logic High Level Current 0QH} VoH = Voo + 3V 

5 mA Min -20 -10 -5 mA 

3 mA Min -12 -£ -3 mA 

Logic Low Level Current (lQLl Vol= Voo + 0.5V, (See Option 81 

Open Drain -1 µA 

Load Device to Voo 3 15 µA 
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de electrical characteristics (con't) 
PARAMETER 

SO and Sync Output Voltage Levels 

Logic High Level (Vottl 

Logic Low Level (VoLl 

Fl. F2, F3 Output Voltage Levels 

Logic High Level IVOHI 

Logic Low Level (VQL) 

Blk Output Voltage Levels 

Logic High Level (VQH) 

Logic low Level (Voll 

Osc Output Current Levels 

Logic High Level Current (IQHl 

Logic Low Level Current (IQL) 

Keyboard Key Resistance (RKEYI 

(!NB, K1-K4, F1-F3) 

INTERFACING WITH MOS 

All Outputs . 

Output High Voltage (VoHI 

Output Low V<>tage IVoLl 

!NB, K1-K4 Input Voltages 

Input High Voltage (V1H) 

Input Low Voltage (VOLi 

CONDITIONS 

(With Load and Driver to Vool 
Vss - Voe= 7.9v 

IOH = -100µA 

IOL = 15µA 

IOH = -30µA 

loL = 3µA 

loH = --0.5 mA 

IOL = 5µA 

(Output with Load to Vool 
VoH = Voo + 1.SV 

VoL = Voo + 0.5V 

LED Display Interface 

Fluorescent Display Interface 

(On·Chip Loads at Outputs) 

(No Input Loads) 

MIN 

Vss-<J.5 

Voe 

Vsg-1.5 

Vs5-1.5 

3.0 

Vss-1 

Voe 

Vss-1 

Voe 

TYP MAX 

vss 
v 00+3.7 

Voo+l.o 

v00+1.o 

-1.0 

200 

50 

vss 

Voo+1 

Vss 
Vsg-4 

ac electrical Characteristics (0°C S: TA S: +70°C, 7.9V S: V55 - Voo S: 9.5V unless otherwise stated) 

PARAMETER 

Osc Input Frequency 

O.c Duty Cycle (Figure 2) 

Osc Input 

Rise Time (trl 
Fall Time (If) 

Sync Input Timing 

Interval (t9, Bit Time) 

Low Hold Time (tOxHl 

High Hold Time (tQSCHl 

Low Set·Up Time (tSTLl 

High Set·U p Ti me I ISTH) 

K1-K4. INB. F1-F3. 003 

Input Timing 

'SK 
ILK 

SI Input Timing 

tsx 

tHLDX 

BLK Output Timing 

lpdBLK 

lrb 
F 1, F2, F3 Output Timing 

tpdf 

Osc Output Frequency 

Osc Output Duty Cycle 

Sync Output Timing 

Interval (ts. Bit Time) 

tpdsL 

tpdsH 

IHS 

001, 002. 003, 004, SO Output 

Timing 

lpd 

Sa-Sg. Sp Output Timing (tpdSEGl 

lnterdigit Blanking Time (Tl) 

CONDITIONS 

CL = 25 pF. R L = 6 kn 

RC= 0.15µs 

CLOAD = 50 pF 

CLOAD ::::20 pF 

CLOAD = 100 pF 

(For On·Chip Oscillator) 

CL =250pF 

CL= 100 pF (001-004) 

CL= 250 pf (SO) 
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MIN 

320 

46 

10 

100 

100 

680 

100 

1.75 
1.0 

1.5 

0.5 

0.3 

130 

33 

8.8 
0.1 

0.1 

0.1 

0.5 

TYP 

56 

56 

MAX 

400 

66 

350 

50 

12.5 

4.4 

4.4· 

450 

68 

30 

1.65 

1.25 

0.8 

4.0 

6.0 

7.5 

UNITS 

v 
v 

v 
v 

v 
v 

mA 

µA 

n 
kn 

v 
v 

v 
v 

UNITS 

kHz 

% 

ns 

ns 

JlS 

ns 

ns 

ns 

ns 

µ.s 

µs 

µs 

µs 

µs 

µs 

µs 

kHz 

% 

µs 

µs 

µs 

µs 

µs 

µs 

µs 



options 
In addition to internal programming, for various 
applications, the following input/output options increase 
flexibility of the MM5799 for both calculator and other 
computational operations. 

1) On-chip oscillator with oscillator output or.external 
oscillator with on-chip load resistor (6 k.11 or 3 kQ 
to vssl 

2) SYNC pin an output or input. The SYNC pin defines 
the beginning of an internal cycle time, <1>1. during 
coincidence of 'low levels on OSC and SYNC, as 
shown in Figures 2(a) and 2(b). 

3) D03 can be an output, an input or both. 

4) RAM can be organized as 8 registers of 12 digits 
or 6 registers of 16 digits. 

5) The shift register can be organized in either of the 
following two modes: 
i) Data is shifted continuously from SI through 

a 4-bit register to SO. An AXO . instruction 
exchanges contents of register A with contents 
of shift register. The lowest or.der bit is shifted 
out on SO. · 

TTL interlace 

The MM5799 can interface with LPTTL with the 
extern.al components shown below. The MM5799 outputs 
source current to provide a "1" level to LPTTL and 
external resistors must be provided to sink current for 
a "O" level. When driving the MM5799 from LPTTL 

5V 

Vee 

TTL 
OR 

LITTL 

GNO 

5V 

.,, 
1----e----IM··SI 

r K2 
KJ 
K4 
INB 

Vss 

Voo 

-4V 

ii) The input of the shift register is tied to one. 
AXO inputs SI to the most significant bit of A 
an.d A is shifted out of SO. Therefore, SI can be 
an input which does not affect SO, 

6) The EXC+ instruction can be modified not to skip 
on B going to 13. 

7) Segment outputs can be programmed for a mini
mum source current of 3 mA or 5 mA. 

8) All outputs may be open drain or have a load 
device to Voo. In addition SO may also have an 
active driver to VDD· 

9) Power-on-reset may be brought. in as an external 
reset pin. 

10) The K inputs and INB may be active high or active 
low. The switching levels can be set for a keyboard 
or for a logic input. Input loads can go to Vss. 
VDD or be absent. And the inputs can be made to 
withstand -35V for interfacing with fluorescent 
displays. 

11) The decodes of the BCD to segment PLA are mask
programmable for any characters (except 8). 

an on-chip load to Vss on the K inputs and JNB insure 
a proper high level. An external resistor to Vss must 
be supplied on the SI input. to overcome a load device 
to Voo on that pin. 

5V 

Vee 
so1----e----1M 

•so 

'] Sb -4V 

s, 
s, Rs 

LPTTL 

-4V 
F1} F2 FJ 

•• 
5V -4V 

"i') Vee 

004 
BLK 

-=-

8.4 kn is the maximum resistor that will still sink one LPTTL load and the lower 
resistor value still allows a 2.7V "1 '.' level for Rso. R51 and RF. RF of 2.Bk will 
overcome the device on SJ and 680.n is the minimum resistor that LPTTL can.sink. 

670n::; Rs1 ::; 2.81 kn 
3.5 kn::; Rso::; 8.4 kn 
1 .9 kn ::; Rs ::; 8.4 kn 
4.6 kn::; RF ::;a.4 kn 
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switching time waveforms 

INTERNAL 
CYCLE TIME '20 

V1H-===~~l'\-I 
SYNC UN) 

K1-K4,INB, VIH -~~~~~ 

F1-F3(1N) VIL-~~~~~ i-----T-"I "'"""'"'f"""""""""""""""""""""° , ____ _ 

VoH.:._~~~""""-"""---------1•_ ~====:ii _1-+------
F1, F2, F3 (OUT) 

INTERNAL 
CYCLE TiME 

Vlff· VoH 
DSC 

Note·. 6sc Duty Cycle = 

FIGURE 2(a). Input/Output T.iming Diagram (E_xternal SYNC) 

(IN DR OUT) VJL. Vol __ __,.._ 

VoH-===~Ci:\.. 
SYNC (OUT) 

SI :::-=====~-"-1H-L-DX_··--------------
FIGURE 2(b). Input/Output Timing Diagram (Internal SYNC) 
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en 
~ connection diagram 

:t 
:t 

Dual-In-Line Package 

28 
K1 D01 

27 
DOZ K2 

26 
D03 K3 

25 
D04 K4 

24 
SI INB 

23 so SYNC 

22 
BLK DSC. 

21 
F3 VDD 

F2. 
20 s. 

10 19 
F1 Sb 

11 18 s. PWRON 

Sp 
12 17 sd 

Sg 
13 16 s. 

s, 14 15 
Vss 

TOP VIEW 

Order Number MM57S9N 
SeePackage23 

functional description 

A block diagram of the MM5799 is shown in Figure 1. 
The control ROM is organized as 1,536 8-bit instruction 
words. ROM addressing is by an 11-bit Program Counter 
Register. P and 2 push-down address save registers, SA 
and SB. Internal data flow, storage .. and input/output 
lines are controlled by 8-bit ROM instruction words. 

Arithmetic and logic functions are performed in the 
4-bit adder with results stored in accumulator A. 

The RAM contains 384 bits, addressed as 96 4-bit words. 
Register lengths are under program control; e.g., the 
memory can be formatted as 6 registers x· 16 digits, 
8 registers x 12 digits. 

Seven outputs are decoded by the segment PLA and 
brought out as either BCP or 7-segment information 
depending on the software program. Decimal position 
is brought out on the Sp line. The segment and decimal 
point output buffers are capable of driving LED displays 
directly. Digit timing information for driving displays 
and external keyboard scanning is. encoded into a 4-bit 
code and brought out on the digit output lines D01-
D04 and used by the DS8664, DS8665, DS8666, 

9·32 

DS8881 or DS8882 Decoder/Drivers to generate up to 
14 digit outputs. A 2-bit code is used in systems employ-· 
ing the DS8874 Decoder/Driver (Figures 4 and 5). 

Serial input and output ports (SI and SO) are provided 
for accessing external RAM and interfacing with peri
pherai equipment such as printers. 

4 K-inputs may be used for direct data inputs or as key 
inputs scanned by 14 externally decoded digit output 
lines (D01-D04) for up to 56•key keyboards. There are 
3 additional general purpose latched input/output ports, 
Fl -F3. The BLK output is used as a blanking signal for 
the digit decoder/driver. One general purpose input INB 
can be tested under program control. 

The MM5799 has an internal power-on clear which is 
initiated when the VDD supply has reached a nominal 
value of Vss-6V. The power-on clear is then.extended 
for an additional l ms. External power-on clear can be 
provided which will override the internal clear when 
power supply turn-on time is not within the design 
specification of the MM5799, see Options, no. 9. 



register and 1/0 port definitions 

standard 
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DESCRIPTIONS 

12,288-bit Control ROM 
1,536 words x 8 bits (24 pages of 64 words) 

11 ·bit Program Register 

[ Page 
Word 

Pp (P11 - P7)] 
Pw (P6 -P1) 

2 x 11-bit Program Address Save Registers 

384-bit RAM organized as 8 registers x 12 digits x 4 bits 
(r x d x z) or 6 x 16 x 4 

7-bit RAM Address Register 

l Register Br (B7 - B5) J 
Digit Bd(B4-B1) 

DESIGNATIONS 

p 

SA,SB 

M 

B 

4-Bit Accumulator A 

4-bit Holding Register H 

1-bit Carry Register C 

4 Data or Control Inputs 

3 General Purpose Programmable Input/Output Lines 

8 Latched Programmable Outputs 
(Sa-Sd available as BCD under program control) 

General Purpose Input 

4 Latched Digit Outputs 

Serial Input and Output Ports 

Blanking Signal Output 

K1-K4 

F1-F3 

Sa-Sg. Sp 

INB 

D04-D01 

SI and SO 

BLK 

instructions 

MNEMONIC DATA FLOW 

AD M+A->A 

ADD C+M+A->A 

1 ->CifA;;:,10 

0->C if A< 10 

SUB M+A+ C->A 

Overflow-. C 

COMP A->A 

OTA 0->A 

ADX IV) A+Y->A 

HXA H~A 

TAM 

SC 1->C 

RSC 0->C 

TC 

TIN 

TF IN) 

TKB 

TIR 

SKIP IF 

A<10 

Overflow 

No overflow and Y ·* 6 

A=M (Bl 

C= 0 

INB = 1 

F (N) =O 

K= 1 

003 =O 
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DESCRIPTION 

Add M (8) to A, store sum in A 

, Add carry bit to M (Bl. Add sum to A, store sum in A 

Set C if A?; 10, reset C if A< 10 

Subtract' A from M 

Overflow to C 

One's complement o~ A to A 

Clear Accumulator 

'Add constant (Y) to A Store sum in A. 

v~ 1, 2 ... 15 

Exchange contents of H register with A 

Compare contents of A to M (Bl, skip if A= M (8) 

Set C register 

Reset C register 

Skip if C = 0 

Test INB. Ac.tive stBte of input i.s programmable 

Test F (N) pin. N = 1, 2;3 

Skip if any K input ac:=tive. Active state of input is 

programmable 

Test 003 pin as input 

I a 



standard instructions (con't) 

MNEMONIC DATA FLOW SKIP IF DESCRIPTION 

BTD • Bd-+ 004 - D01 Transfer contents ·of Bd to digit output latches, 
turns BLK output low for one cycle time 

DSPA A-+Sa-Sd A4 - A 1 to output latches, directly to outputs Sa - Sd· 

H-+Se-Sg H3 - H 1 to output latches, direct to Se - Sg. 
C -+Sp C to Sp latch 

; DSPS A-+$0 -Sg A to output latches, 7-segment decoded to Sa - Sg. & . C-+Sp Segment decode is programmable. C to Sp latch g . AXO Sl-+A Exchange accumulator with serial input/output a. .: ' A-+SO 

LDF If 15": 15"-+ F3 N = 1, 2,·3. Load F (N) from next instruction word. 

If 14": f3* -+ F2 2 microcycle instruction 

If i2*: Ti'-+ Fl 

READ K4-K1-+A Read K inputs to A. Active state of input is programmable 

GOTO(GOI 15-11-+Pw Load next ROM instruction address 

If Pp= 1111 X: If on page 36g or 37a reset page address to 369 (Note 1) 
11110-+Pp 

CALL 15-11-+Pw. Call subroutine. If not on page 368 or 3 79, push down 

11111-+ Pp address save registers. Set page address to 37g 
If Pp;" llllX: 

~ SA-+ SB, 
0 

-~ P+1-+SA 

• RET SA-+ P Pop up ROM address save registers u. 

i SB -+SA. SB -+ SB 

8 RETS SA-+ P RET, then skip next instruction upon return 

SB-+ SA, SB-+ SB SKIP 

LG/GO Load P 2 microcycle operation. Long GO TO, Load 

f4- f1. ta*-> Pp Pp and Pw (Note 11 

le* -11*->Pw 

LG/CALL SA-> SB, P + 1 ->SA 2 microcycle operation_ Long call: Load Pp 

Load P and Pw. Push down address save register (Note 1) 

NOP No operation 

EXC (rl A#M (Bl Exchange data word at M (6) with A. EXCLUSIVE·OR Br 

Br@r-+Br with r. r = 0, 1, 2, 3 

EXC-lrl A#M (B) Exchange and 9ecrement Bd 
~ Br (£1 r-+ Br. Bd-> 15 EXCLUSIVE-OR Br with r. r = 0, 1, 2; 3 0 

'i ·Bd-1-+Bd 
Q. 

EXC+(r) A ~M (B) Bd --rQ Or Exchange and increment Bd 0 
.t: 

Br (£1 r-> Br. Bd-+ 13 EXCLUSIVE·OR Br with r. r = 0, 1, 2, 3 .!!' 
0 

Bd+1-+Bd <':' 
~ MTA(rl M IBl-+A Load accumulator with data word M (B) 

:il Br<±) r-+ Br EXCLUSIVE-OR Br with r. r = 0, 1, 2, 3 

LM (YI Y-+M IBI Load memory with Y. Y = 0, 1, 2, ... 15 

Bci+1-+Bd Increment Bd 

~ !! SM (ZI 1-+ M IB, ZI Set Bit Z of M (Bl, Z = 1, 2, 4, 8 
<':' .2 
0 ~ RSM (Z) 0-+ M IB, ZI Reset Bit Z of M IBI 
E " "Q. 

TM (ZI M (B,Z) =O Test Bit Z of M (Bl.-skip if 0 ;:;; 0 

l!l LB Ir.di r-+Br. d--r Bd r = 0, 1, 2, 3. d ;' 0, 11, 12, 13, 14, 15. 
0 

Load B register. Successive LB's are ignored ·~ 

1i (Note 2) 
0 

17* - 15*-+ Br, 2 microcycle instruction. Lo_ad next ROM 
~ 

LBL 
.,, l4*-l1*--rBd word into B register .,, 
<( 

ATB A-+ Bd Transfer conter'lts of accumulator to Bd register 

~ 
E BTA Bd-> A Transfer contents of Bd register to accumulator 

:il HXBR H-Br Exchange contents of Hand Br registers 

Note 1: ROM pages 109 through 179 cannot be used. *Second nl icrocycle word 

Note 2: d = 4, 11, 12, 13, 14, 15 when RAM is configured 8 x 12 x 4. 

9-34 



operation codes 

OPCODE 

•a •1 1615 1413 1211 00 

00 xx 00 00 NOP 

00 xx 00 01 HXBR 

00 xx 00 10 ADD 

00 xx 00 11 SC 

00 xx 01 00 TF1 

00 xx 01 01 TIR 

00 xx 01 10 MTA (r) 

00 xx 01 11 EXC (r) 

00 xx 10 00 EXC-(r) 

00 xx 10 01 EXC+ (r) 

00 xx Hi 10 LB (r, 0)* 

00 xx 10 11 LB (r, 11) 

00 xx 11 00 LB (r, 12) 

00 xx 11 01 LB (r, 13) 

00 xx 11 10 LB (r, 14) 

00 xx 11 11 LB (r, 15) 

01 00 00 xx RET 

01 00 01 xx TM (1) 

01 00 10 xx RSM (1) 

01 00 11 xx RSM (2) 

01 01 00 xx ATB 

01 01 01 xx ADX (4) 

01 01 10 xx .ADX (8) 

01 01 11 xx ADX (12) 

01 10 00 xx LG (36, 37) 

01 10 01 xx LG (27, 26) 

01 10 10 xx LG (17, 16) 

01 10 11 xx LG (7, 6) 

01 11 00 xx LM (0) 

01 11 01 
, 

xx LM (4) 

01 11 10 xx LM (8) 

01 11 11 xx LM (12) 

10 xx xx xx CALL 

11 xx xx xx GO 

*Programmable 0 - 10. 

applications information 

Versatility of the MM5199 is enhanced by the availabil· 
ity of circuits to interface the chip with a variety of 
drum printers, displays, and additional read/write store. 

The MMS785 RAM Interface Element allows expansion 
of the on-chip 384-bit store using 1024 x 1·bit random 

, access memory chips. Figur~ 3 illustrates the technique 
used to interface the MM5799 to additi_onal RAM such 
as might be required in a low-cost electronic cash register 
system. Low power CMOS memory is used with battery 
standby power available for retention of totals during 

9,35 

MNEMONIC 

01 10 11 

DSPA COMP OTA 

DSPS AXO HXA 

AD SUB TAM 

LBL RSC LDF 

TF2 TF3 READ 

TKB BTD TIN 

RETS RSM (8) BTA 

TM (2) TM (4) TM(8) 

SM (1) SM (8) RSM (4) 

TC SM (2) SM (4) 

ADX (1) ADX (2) ADX (3) 

ADX (5) ADX (6) ADX (7) 

AOX(9) ADX (10) ADX (11) 

ADX (13) ADX (14). ADX (15) 

LG (35, 34) LG (33, 32) LG. (31, 30) 

LG (25, 24) LG (23, 22) LG (21, 20) 

LG (15, 14) LG (13, 12) LG (11, 10) 

LG (5,4) LG (3, 2) LG (1,0) 

LM(1) LM (2) LM (3) 

LM (5) LM (6) LM (7) 

LM (9) LM (10) LM (11) 

LM (13) LM (14) LM (15) 

( 

periods .of power interruption. MM2102 RAMs may be 
used ·for low-cost storage when power is n!>t critical. 

The MM5788 Printer Interface Element provides the 
logic and co,ntrol functions necessary to op~rate a Seiko 
Model 101, 102, 104, 210, 310 or 320 type printer 
from the MM5799. DS8863A transistor buffers are used 
as current amplifiers between the MM.5788 an<;! printer. 
A typical application of the MM5799 in a printing 
calculator i's illustrated in Figure 4. The MM5788 is also 
useful as a data interface element providing 9 1/0 pins 
and 12 output" ports. 

al 
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applications information {con't) 
MM74e9Ja (4) 
1024 x 1 RAM 

(10) 
AXI---

r- vce Dl 

DO 

WE 

csJr.. CSA 

r- VoD es2 

es1 I-+ 

(10) 
AX 

H-1 Vee Dl 

DO 

WE 

CS3~TO CSg 

..-i VDD eS2 

eS1~ 

(10) 
AX 

H-1 vce D1 

DO 

WE 

CS3~ TO CSc 

HvoD CS2 

cS1f+ 

{10) 

•xr---..... Hvce 01 

OD 

WE 

eSJ ~TOCSo 
HvoD CS2 

CS1 I-+ 
VD a 

Vee 

Vss VDD 

l I 

.-- DSC so 

MM5799 

r- BlK Sii---
Dlll-004 SYN 

I L 
001-004 

L...i BLK 

DS8664 ....._ 
osc 

T l 
Vss voo 

._____, r=-
osc SYN 

esl--WE 

AX 

OOR 

:: CS1 
MM5785 DOI---

cs. 

:: eso 

csc 

+- cso Von CSR 
OI 

DIR 1 T 
Vee Vss 

~ ..... -~· 

14 
TD 
DIGITS 

-0 Voo 

-0 Vee 

Note. 01 and R 1 are required only if the RAMs are operated on battery during system power "OFF.'' 

FIGURE 3. MM5799 with Expanded RAM 

lED 
DISPLAY 

(13) 

IBI 

l+---------1"41~001-004 so 

058664 

oscl---------....a~osc MM5799 

.-----------1--l>IK1-K4 SJ 

1141 

SEIKO 
PRINTER 

MODEL 310 

OS8863A 

DS8863A 

COLOR: I------------' 
MOTOR 

058692 

SYN 

111 

FIGURE 4. Printing and Display Calculator 
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applications information (con't) 

181 .r: 
Sp 

r 7x9-, 
·[• 

I KEYROARD I MATRIX 

_l _l 

I I : 
L H- p 

K1 K2 Kl K4 HCP '--1 Sa 004 

Ml/157gg 

'----1 8Pvss 
001 H• voo 

ON-OFF 

'o 
+ ~ -9V 

BATTERY--

~ 

LEO 
DISPLAY 

088874 . 

Vee 

f 

GND 

FIGURE 5. Low Cost 9-Digit Calculator Using MM5799 

FIGURE 6. Low Cost Scientific Calculator Using MM5799 

There are 6-digit decoder/drivers that can be used with 
the MM5799 in LED systems. Three are actually the 
same basic bipolar chip with different metal mask 
options. The DS8664 is the decoder for low power, 
battery operated applications. It supplies 1 of 1.4 outputs 
decoded from the 4 bits of encoded timing information 
generated by the MM5799. The active output state sinks 
at least 80 mA of driving current at each of its 14 digit 
outputs. The DS8665 is similar, but has inverted outputs 
that source 8 mA of current and is used in conjunction 
with DS8692 transistor arrays for large LED displays 
with high current requirements. The DS8666 is used in 
special applications which require only 8 digits or less 
of high current display, .but need all 14 digits out to 
scan keyboards or address extra data storage. It has 8 
current sourcing digit outputs and 6 sinking type out
puts. An output enable signal can be used to blank the 
outputs of the drivers during input transition periods to 
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RESISTORS 18) 

KEVBOA'RO 

:~~~'"'"1---------. 

K4 K1-K3 

50{:~:;-1-------...i1NB 

..--------1-17) Sa-Sg 

19) 

088692 

19) 

MM57Q9 {4) 
..---------ISp 001-DCl4 

01-09 

(8) 

088694 

SPECIAL FUNCTIONS BURNER ANO OVEN 
(6) TEMPERATURE 

CONTROL OUTPUTS (5) 

088665 
DSC 

s.o< vss -voa < 9.sv 

FIGURE 7. Oven Timing and Control System 

eliminate any timing "glitches" at the outputs or redµce 
power dissipation of the system during shut-down mode. 
The DS8664 has an on-chip 3-cell battery voltage 
sensing circuit which signals a low battery condition 
back to the MM5799 through the D03 input. The 
fourth decoder/driver that can be used is the DS8874. 
It is useful for very low-cost handheld calculators as 
shown in Figure 6. The DS8881, DS8882 are similar to 
the DS8664, but have active high outputs to drive 
vacuum fluorescent grids (digits). 

An on-chip oscillator is available for applications in 
which frequency variations are not critical. An oscillator 
al.so exists on the DS8664, DS8665, DS8666, 058881, 
and DS8882 Decoder/Driver and can be used for more 
critical . applications. An external timing resistor and 
capacitor provides more accurate setting of oscillator 
frequency . 



applications information (con't) 
Application of the MM5799 as an oven timing and 
control system is illustrated in Figure 1. The controller 
derives timing signals from a 50 or 60 Hz line and dis
plays time of day in the "idle" mode. The chip stores 
turn-on time, turn-off time and temperature for each of 
4 burners and the oven. Six special function outputs are 
provided for control of lights, fans, etc. This application 
illustrates the. use of the MM5799 in the general area of 

8V GND 

vss Von 

control processors. The DS8694 has clocked input 
latches which allow the segment outputs of the MM5799 
to be used as both control and display ports on a time 
multiplexed basis. 

Figures 8 and 9 show some example methods of 
expanding 1/0 and control for general controller appli
cations. 

S.SEGMENTS SELECT 1 OUTPUT Sa-Spt----------1-------------, 
001 _ 004 4·81T OUTPUT 

MM5799 

MM74C173 
QUAD 0 

FLIP-FLOP 
• • • • • • • • • • MM74C173 

L CLOCK 
B K , 

Program 

Set-up A. H. C 
DSPA 
Set-up B 
BTD 

O'UT 1 

Output 1 of 8 Select 

- Output 4-Bit Data 

FIGURE 8. 8 Output Groups of 4 Each 

OUT 8 

Flt--------------------------. F2t--------------------. 
•FJI------------~ 

MM5799 

001-004 
SEGMENT 
DECODER 
DRIVER 

8-BIT 
O/A 

ANALOG 
OUTPUT 

LEOS 

FIGURE 9. Multiplexed Display and 8-Bit DIA 
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MM57109 number processing unit 

general description 

The MM57109 is an MOS/LSI digit-oriented micro
processor intended for use in number processing applica
tions.. Scientific calculator functions, test and branch 
capability, internal data storage, and general purpose 
input/output ports have been combined in this single 
chip device. Programming is done in calculator keyboard 
level language with software development simplified and 
generated code more reliable because algorithms are 
preprogrammed in an on-chip ROM. Data or instructions 
can be synchronous or asynchronous; digit count, 
calculation mode, error control are user programmable; 
a sense input and flag outputs are available for single 
bit control. 

The MM57109 r:;an be used as a stand alone processor 
with external ROM/PROM and program counter (PC). 
Alternatively, it can be configured as a peripheral 
device on the bus (lf a microprocessor or minicomputer. 

features 

Scientific calculator instructions .(RPN) 
• Floating point or scientific notation 
• Up to 8-digit m~ntiss\I, 2-digit exponent 

block diagram 

CLOCK 

SVNC 

INSTRUCTIONS/ 
DATA ANO SENSE 

INPUTS il&-11) 

CLOCK 
GENERATOR 

CONTROL 

REGISTER 
FILE 

BUFFERS 

DIGIT ADDRESS 
!DA4-DA1) 

DATA OUT 
(D04-001) 

FLAG OUTPUTS 
(Fl, F2, ERROR) 

HOLD 1/0 CONTROL SIGNALS 
(ROV, ISEL, BR, R/W, DAS) 

COPS 

• 4-register stack, 1 memory register 
• Trigonometric functions, logarithmic functions, yx, 

ex, 11', et.c. 

• Error flag generation and recovery 

Flexible input/output 

· • HOLD input allows asynchronous instructions, 
single step, DMA stall 

• Asynchronous digit input instruction (AIN) with 
AIN ready (ADR) input 

• Multi-digit 1/0 instructions (IN, OUT) 
• Programmable mantissa digit count 
• Sense input and flag outputs 

Branch control 

• Conditional and unconditional program branching 
• Increment/decrement skip on zero for program loops 

Interface simplicity 
• Single <P clock 
• Low power operation 
• Generation of 1/0 control signals 
• Separate digit input, output, and address bus 

connection diagram 

Dual-In-Line Package 

11/DI 
28 

DAI 

l2/D2 
27 

OA2 

13/03 26 OA3 

14/04 
25 

OA4 

lsfADR 24 ls/JC 

SVNC 23 8R 

osc 22 WIS 

ISEL 21 Vcio 

HOLD 20 004 

R/W 
10 19 

003 

POR 
11 18 

002 

ROV 
12 17 

DOI 

ERROR 
13 16 

Fl 

14 15 Vss F2 

TOP VIEW 

Order Number MM57109N 
See Package 23 
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MM57126 COPS memory 

general description 
The MM57126 is a 1024-bit shift register designed to 
directly interface with National's MM5782 and MM5799 
Controller Oriented Processors. The device is configured 
as sixteen 64-bit registers with address decoding and con
trol logic to perform the handshake sequence and to 
synchronize the MM57126 timing with the controlling 
processor. A chip select input allows up to fourteen· 

block diagram 

DSC 

SYNC 

Voa 

Vss 

INTERNAL 
SYNC 

COUNTER 

REGISTER 
ADDRESS 
DECODER 

COPS 

MM57126 registers to be used with a single processor 
when the decoded digit lines are used as chip select drive. 

features 
• Direct interface to MM5782 and MM5799 for RAM 

expansion 
• Chip select input for multiple MM57126 system usage 

1K SHIFT 
REGISTER 

ROD 

FIGURE 1. MM571261K Shift Register Element 

connection diagram 

Dual·ln~Line Package 

Voa NC 

ROD 

SYNC 

Vss DSC 

TOP VIEW 

' FIGURE 1a. 

Order Number MM57126N 
See Package 17 
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Pin Description 

OSC - Oscillator input 

SYNC - SYNC Input from Controller Oriented 
PrOcessor 

SEL - Chip select line input. Active at logical low 
level (VDDl 

D1N - Data input from Controller Oriented 
Processor (SO). 

RDO Output to Controller Oriented Processor 
(SI). RDO is active logical low level 
(Vool when chip is .ready. During read 
command data stream flows out of 
MM57126. 

Vss - Positive power supply terminal. 6.5V ~ 
Vss - VDD::; 9.sv 

Voo - Negative power ·supply terminal. 6.SV ~ 
Vss - VDD $ 9.SV. 



absolute maximum ratings operating voltage range 

Voltage at Any Pin Relative to Vss · Vss + 0.3V to Vss-12v -s.sv;:: v 5$-voo ;::-e.sv 
(All Other Pins Connected.to V55) 

Ambient Operating Temperature 
Ambient Storage Temperature 

o•c to +10°c 
-ss•c to +iso•c 

300°c· 

(Vss is always the most positive supply voltage) 

Lead Temperature (Soldering, 10 seconds) 

de electrical characteristics (0°C to +10°c except where noted otherwise) 

PARAMETER CONDITIONS MIN TVP MAX 

Operating Supply Current Oool .Voo = Vss- 9.5V, TA= 25°C 12 20 

OSC Input Levels 

Logic High Level (VI H) voo = Vss - 6.5v . Vss-1.0 

Logic High Level (V1H> Voo = vss- 7.9v vs5-1.o 

Logic Low Level (V 1 L) Voo = Vss -9.5V voo+1.5· 

SYNC and b1N Input Levels 

Logic High Level (V1H) voo = Vss - 6.5v vs5-1.2 

Logic High Level (V1H) Voo = Vss - 7.9V Vss--1.2 

Logic Low Level (V1 L) voo = Vss - 7.9v Vss--4.0 

SEL Input Levels 

Logic High Level (V1H) Voo = Vss - 6.5v · Vss-2.5 

voo = vss - 7.9v vs5-3.2 

voo = Vss - 9.5V Vss--4.5 

Logic Low Level (V 1 L) Vss- 9.5 s v 0 o s .vss- 7.9v. Voo+1.5 

voo = Vss - 6.5v Voo+0.4 

High Lev.el Current 01 H) VJH = Vss - 3.2V -350 

Voo = Vss - 7.9V 

High Level Current (11 H) V1H = Vss - 2.5 -350 

Voo = Vss - 6.5v 

RDO Output Levels 

Logic High Level (VOH) IOHS-lOOµA Vss--0.5 

6.5 S Vss - Voo S 9.5 

Logic Low Level (VOL) IOL:0::25µA 

voo = Vss- 6.sv Voo+2.5 

Vss- 9.5 s v 00 s Vss - 7.9 vo0 +3.7 
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ac electrical characteristics (0°'c to +70°C except where noted otherwise) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Bit Time (t9) 10 50 µs 

OSC Input Frequency 80 400 kHz 

OSC Duty Cycle (Figure 5) 46 56 66 % 

Tl 1.1 , µs 

T2 OSC Frequency= 400kHz 0.85 µs 

SYNC Input Transition Times 

Rise Time (tr) 0.5 µs 

Fall Time (tf) LO µs 

OSC Input Transition 

Time 

Rise Time (tr) OSC Frequency= 400kHz 330 ns 

Fall Time (tf) 50 ns 

SYNC Input Set-Up Times 

tsET-UP to V1L (Figure 5) 2.0 µs 

tSET-UP to V1H 0,0 µs 

D1N Input Transition Times 

Rise Time (tr) 1.2 µs 

Fall Time (tf) 2.2 µs 

D1N Input Set-Up Times 

ts ET-UP 2,5 µs 

tHOLD (Figure 4) 3,5 µs 

SEL Input Transition Times 

tr 2.0 µs 

tf 0,1 µs 

SEL Input Set-Up Times 

ts ET-UP 2.5 µs 

tHOLD (Figure 4) 3.5 µs 

ADO Output 

tr CLS100pF 2.0 µs 

tf VDo = Vss - 6.5v . 2.0 µs 

tpdH Voo = Vss- 7.9V, (Figure4J 3.5 µs 

tpdH Voo = Vss - 6.5V, (Figure 4) 5.5 µs 

tpdl Voo = Vss - 6.5V, (Figure 4J 3.5 µs 

tpdl 1 Voo = Vss - 7.9V, (Figure 4) 4.0 µs 

functional description 

The chip is configured as sixteen 64-bit shift registers, 
with appropriate address decoding and control logic 
to perform the handshaking sequence and synchronize 
the MM57126 timing with the controlling processor. 

The processor must generate a start bit first, then 16 
write commands to clear the MM57126 on power "ON". 
Figure 2 shows a typical system configuration using 
multiple MM57126's for, RAM expansion. 
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functional description (Continued) 

The MM57126 communicates serially with the processor. 
The handshake sequence is (Figure 3): 

a) The processor drives the chip select (SE L) line to a 
logical low level state. 

b) The ready output (RDO) responds with a logical 
low level when MM57126 is ready to communicate. 

c) For a valid handshake, the DtN input should be at 
logical low level during ready transition, and the 
MM57126 should receive the start bit within 3 to 
12-bit times from the ready transition; else the 
ready output is reset and the processor has to wait 
(if SEL is still at low level) for the next ready. 

d) During a valid handshake, the data stream consists 
of: a start bit, a read/write bit, a 4-bit Delay, 4 regis
ter address bits and 64-bits of data as shown in 
Figure 3a. Data flows serially in or out of the 
MM57126, depending on the read/write command. 

e) Handshaking terminates when the ready signal goes 
back to a logic high level. 

The Controller Oriented Processor can be programmed to 
generate the following assembly language routine for 
expanding data storage using one or more MM57126's. 

MAIN PROGRAM 
(i) Write: Write register 0 of processor to register N on 

the selected chip Y. 

Instruction 

LB 2, 15 
LM N 

LBL 
0, y 

CALL WRITE 

Comments 

Load register 
address N into 
M (2, 15). (N = 
0, 1, 2, ... 15.) 
Load B register of 
processor with , 
MM57126 chip 
address Y. (Y = 
1, 2, ... 14). 
Call subroutine 
WRITE 

(ii) Read: Read register (N) on the selected chip (Y) to 
register 0 of the processor. 

Instruction 
LB 2, 15 
LM N 
LB 0, 15 

CLEAR OTA 

EXC-
GO CLEAR 
LBL 

O,Y 

CALL READ 

Comments 

Register 0 should 
be cleared 

Y is the selected 
MM57126 chip 
number 

Call subroutine 
READ 
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SUBROUTINE 

WRITE 

READ 

NEXT 

Instruction 
RSC 

GO 
SC 

NEXT 

OTA 
ADX 5 
NOP 
TC 

ADX 2 

NOP 
HXA 
OTA 
AXO 

Instruction 

BTD 

NOP 

so 
0 

0 
0 
0 

NREADY OTA 
AXO 
ADX 
GO 
OTA 
AXO 
NOP 
GO 

1 0 
READYH 0 

0 
0 
0 

READYH OTA 
AXO 
ADX 
GO 
HXA 

NREADY 0 
0 
0 

1 0 
READYH 0 

0 

CHECK 

REP 

DELAY 

AXO 0 

1 
R/W 

NOP 
OTA 
LB 2, 15 1 

AXO 
MTA 2 
AXO 

TC 
GO DELAY 
MTA 

AXO 
EXC-
GO REP 
BTD 
RET 
NOP 
RSC 
GO CHECK 

0 
0 
0 

Comments 
Reset C register 
of processor to 
OforWRITE 

Set C register to 1 
forREAD 

READ/WRITE 
code to MM57126 
will be a 0 if 5 is 
placed in A, and a 

'1 if A is 7 
A= 7 in case of 
READ 

A+>H 

Clear the serial 
input/output port 

Comments 

Select MM57126 
chip 

Check ready 
signal transition 
from high-to-low 
level (MM57126 
is ready to 
communicate) 

Transfer READ 
or WRITE instruc
tion pattern to 
I /0 port to be 
shifted serially to 
MM57126 

Shift the register 
address (N) 
serially to 
MM57126, and 
point to M 
(0, 15) 
If it is the read in
struction, go to the 
the delay loop to 
allow 1/0 port be 
filled.with first 
digit 
Shift 64 bits of 
data 

Delay loop 



functional description (Continued) 

-
"'[_ 

. Sp . DISPLAY . 
s, .. ~ ~ ~ 

SEL (14) MM57126 . r (14) . . . . . . . . . . . r---, . . 
KEY MATRIX . . 

I I . . . 
I I . 

SEL (1) MM57126 

L- - - .J .. M N c 
~ (1) 

Q c; 0 0 0 ~ m s ~ ~ .. M ~ 0 " " " " " 
t-+ DA 

2 .. .. 
t-+ De Q \;; 

~ .. 
DSB664 g l:; 

~s, ~ De .. 
Do 1;; . osc GND Vee :li . 

MM5799 0: . . 
.______:_, s, 

l Cr 

~ ~H 

... ,~ 8.75V 
DC·DC 

CONVERTER ±0.75V 

SYNCU1J11" 

RDO 

so ' 

Vss VDa SYNC 
SI 

:r 

FIGURE 2. System Diagram 

"--~--t----C~O-N-Ol-T~IO~N-f-O~R~V-A~Ll-D~H-A-N-DS_H_A_K_E----1------,f~ 
THE START BIT SHOULD BE SENT IN -

DiN ________________ s_r_~-~~'-'n__ :sP:o:_ ______ of~ 

i----------74·81T STRING---------, 

FIGURE 3. Timing Diagram for Handshaking Sequence 

64 BITS 
DATA 

x x· 

REGISTER 
ADDRESS (N) 

FIGURE 3a 

READ _j 
BIT 

START 
BIT 

c~~Ii~~~~ r-¢2DT¢1-t-¢1D-r-•Z--r-•2DT-•1--r-o1D-t-o2--r¢2D-T-•1-! 

DSC 

SYNC 

FIGURE 4 
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functional description (Continued) 

Tp 

vSs 
VoH T1 T1 

Duty Cycle= 

osc 

Vol I 
Tl +T2 

Voo 
-T2----t---T1_J 

Vss 
90% 90% 

OUTPUTS 

Voo 
Vol 

Vss 

osc 

I 
voo['---

l--- tHo Lo----------

INPUTS 

Note. ts ET-UP is defined as time from osc. makes VoH or VoL transition to' input V1H or V1 L transition {ref. Figure 4, corresponding 
osc. time). 
tHOLD is defined as time from osc. makes VoH or VoL transition to input V1H or V1L transition (ref. Figure 4, corresponding osc. 
time). 

FIGURE 5 
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COPS 

MM57140 Controller Oriented Processor (COP) 

general description 
The MM57140 is an MOS/LSI device containing all 
system timing, arithmetic and logic, RAM, and control 
ROM functions required for implementation of a Con
troller Oriented Processor. It is capable of scanning up 
to 36 keyboard switches, or data may be entered as BCD 
data words through four input lines (K1-K4). Two 
general purpose inputs are available, and a third general 
purpose input shares an 1/0 pad with segment G. Nine 
output digits can be programmed as 1 of 9 (D1-D9), 
or as binary output on D1-D4, with a separate decoding 
of 1 of 5 on D5-D9. The segment outputs are mask 
programmable for either 7-segment output, or 4-bit 
binary output. All outputs on the MM57140 are latched, 
permitting the ROM to perform other functions while 
holding output data constant. Many options, and flex
ibility in programming permit the MM57140 to perform 
a. large variety of customer-specified computations and 
control functions. 

block and connection diagrams 

FIGURE 1. MM57140 Block Diagram 
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features 
• 25 µs micro-instruction cycle time (typ) 

• 630 micro-instruction ROM (8-bit instruction set) 

• 220-bit RAM (55 digits) 
• Four data or control inputs can provide keyboard 

scanning, or 4-bit binary inputs 

• Three inputs directly accessible by the ROM (IN1, 
IN2, Sg/IN3) are available 

• Internal power-on clear with mask programmable 
external override (IN 1) 

• ROM programmable latched digit outputs 1 of 9 
multiplexing (D1-D9), or Binary (D1-D4), and 
1 of 5 multiplexing (D5-D9) 

• Mask programmable latched segment outputs, 7-
segment or 4-bit binary 

• Decimal point latched segment output 

• General purpose latch output independent of segments 

• Internal, or external oscillator 

• Single power supply operation 

• Direct segment drive of LED's 

• Direct digit drive of LED's and TTL 

Dual-In-Line Package 

04 28 05 

03 27 07 

02 26 06 

01 25 08 

K4-+5 24 Van 

K3 23 09 

K2-+7 22 GPO 

K1-+8 21 s, 

osc-+ 9 20 Sb 

s 9/IN3++ tD 19 NC 

INl 11 18 St 

Sp 12 17 sd 

s, 13 16 s, 

Vss 14 15 .._. IN2 

TOP VIEW 

Order Number MM57140N 
See Package 23 

Pin Descriptions 
K 1-K4 Keyboard Inputs 
IN1, IN2, IN3 General Purpose Inputs 
OSC Programmable as External Oscillator 
Dl-09 
Sa-Sg 
Sp 
GPO 
Voo 
".ss 

Digit Outputs 
Segment Outputs 
Decimal Point Segment Output 
General Purpose O~tput 
-9 Volts 
0 Volts 



absolute maximum ratings 
Volume at Any Pin Relative to Vss 
(All Other Pins Connected to Vssl 
Ambient Operating Time 

Vss +o.Jv to Vss -12v 

operating voltage range 
s.sv '.O Vss- v 00 '.O s.sv 

Ambient Storage Time 
Lead Temperature (Soldering, 1 O seconds) 

o'c to +10°c 
--65°C to +150°C 

300°C 

de electrical characteri!;tjc~ 
PARAMETER COl\IDITIOlllS 

100 Operating Supply Current Voo = V55-9.SV, TA= 25°C 

Keyboard Scan· Input Levels 

(K1-K4) 

V1H Logical High Level Voo = Vss - s.sv 

voo = Vss - e.sv 

_VIL Logical Low Level Voo = V55-6.5V, l1L '.5: f-80 µAl 

Voo=V55-9.5V, 11L$ 1-80 µAl 

Segment Output Current for VouT=Vss-1.0V, Voo = V55-6.5V 

Code= 40,90 VouT = Vss - s.ov. Voo = Vss - 8.ov 

VQUT = Vss - 6.5V. Voo = Vss - 9.5V 

Segment Output Current for See Performance Characteristics 

all Other Cases 

IN1, IN2, IN3 Input Current See Performance Characteristics 

Digit Output Current 

IOH Logical High Le.vol VQUT = Vss-2.0V, Voo = Vss -6.SV 

IOL Logical Low Level VouT= V55-3.0V 

GPO Output Voo = Vss - 6.sv 

VQH Logical High Level IOUT = -550 µA 

VoL Logical Low Level iouT= s µA 

RKB Keyboard ·Resistance (K1-K4) 

ac electrical characteristics 
PARAMETER 

Ext. Osc. Frequency 

Ext. Osc. Duty Cycle 

Ext. Osc. Rise Time (T rl 
Ext. Osc. Fall Time (Tf) 

GPO Transition Times 

High-to-Low 

Low-to-High 

Digit Output Transition Times 

High-ta-Low 

Low-to-High 

Se:gment Output Transition Times 

.i High-to-Low 

Elec. Option Code= 10, 60 

11,61 

20, 70 

21, 71 

22, 72 

30,80 

31,81 

32,82 

Low-to -High 

Elec. Option Code = 10, 60 

11,61 

20, 70 

21, 71 

22, 72 

30,80 

31,81 

32,82 

Keyboard Inputs 

Low4o·High Transition Time 

After Key Release 

CONDITIONS 

(Figure2) 

(Figure2) 

Voo = Vss -6.5V,CL = 50 pf 

Voo = Vss - 8DV' CL= 100 pf 

Voo = Vss - 8.0V, CL= 50 pF 

CL= 25 pf 
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MIN 

Vs$-4.0 

Vss-4.0 

Voo 

voo 

f-2.51 

-300 

20 

Vsg-1.0 

MIN 

70 

40 

TYP 

8 

-8 

TYP 

160 

50 

8 
3 

7.7 

42 
7.9 

4.4 

22 

8.7 

4.8 

2.4 

2.0 

2.1 

2.9 

3.1 

3.4 

5.6 

5.9 

6.3 

6 

MAX 

15 

Vss 

Vss 
Vgg-6.0 

Vss-6.3 

l-121 

voo+0.6 

5 

MAX 

280 

60 

1 

150 

20 

1 

UNITS 

rnA 

v 

v 

v 

v 

rnA 

rnA 

rnA 

µA 

rnA 

v 

v 

ldJ 

UNITS 

kHz 

% 

µs 

ns· 

µs 

µs 

µs 

µs 

I 

µs DI 
µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

_µs 

µs 

µs 

µs 

µs 

µs 

µs 



functional description 

A block diagram.of the MM57140 is shown in Figure 1. 
The control ROM is organized as 630 8-bit instruction 
words. ROM addressing is by a 1 O·bit Program Counter 
included in register P, a subroutine flag (SR), a 10·bit 
save register (SA), and a 6·bit save register (SB). This 
structure permits a one micro-cycle subroutine instruc· 
tion to call a subroutine which is restricted to one 
specific page by setting SR, and a general two micro· 
cycle subroutine to call a subroutine on any page. Two 
levels of subroutine can be achieved by calling a restricted 
subroutine from a general subroutine. 

The RAM contains 220 bits, addressed as 55 4-bit words. 
Data is formatted as 5 registers containing 11 digits each. 
·(See Figure 7.) 

Segment outputs are decoded by the segment PLA and 
brought out as either 7 segments, or 4-bit binary. The 
decimal position is brought out on the SEG Pline. The 
segment, decimal point, and digit output buffers are 
capable of driving LED displays directly. Digit timing 
information for driving displays and external keyboard 
scanning is encoded into a 4-bit code (D 1-D4) with 
1 of 5 digits (D5-D9). or as 1 of 9 digits (Dl-09). 

Yoo 

Four K inputs may be used for direct data inputs, or as 
key inputs scanned by internally decoded digit output 
lines (D1-D9) for up to 36 key keyboards. There are 
two additional inputs ( IN1, IN2) which are available to 
the ROM. A third input (IN3) sharing a common 1/0 
pad with Segment G is also available to ~he ROM. 

The MM57140 has an internal power-on· cl ear which is 
initiated when the VDD supply has reached a nominal 
value of Vss.-6V. The power-on clear is then extended 
for an additional i .0 ms. An external power-on clear 
can be provided _with a mask option, through the use of 
JN 1, which overrides the internal clear when power 
supply turn-on time exceeds the 1.0 ms specification ·of 
the MM57140. 

The digit outputs utilize non-refreshing bootstrap to 
achieve the high current sink capability (see de electrical 
characteristics). Therefore, a software refresh must be 
used to toggle the digit outputs at least every 10 ms at 
room temperature and 1 ms at 50°C to continuously 
sink 20 mA. Otherwise, the depletion type load device 
will provide 10 µA sink current capability at Voo + 
1.0V without toggling digit outputs. 

T1 
Duty Cycle ,; -

Tp 

FIGURE 2. External Oscillator 

~ 
~ 
~ 

K4 

0 Vss-
-•v Voo-

MM51140 

r-----------, 
I 4 X 9 KEYBOARD MATRIX I 

I 
I 

I 
I .. H-

I 
I 
I 
I 
I 

.J 

~ 02 

03 

04 

05 

D& 

07 

08 

09 

L DISPLAY J 
~Jj SEG B 

SEGC 

SEG D 

SEG E 

SEG F 

SEG G 

SEG P 

FIGURE 3. Low.Cost 9-0igit Calculator Using MM57140 
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... -
1 
I 
1, 
I 
I 
I 
I 

Dic~~~:~~~ ~ 

SQUARE;::;-..!!!!. 

K1 ., 
K3 

•• 
,...!!! 

-- , r- -, 
I I I 
I I I 

. _:_ 
I I I 
I I I 

I 4 X 5 KEYBOARD I I FIVE I 
I MATRIX I I STATIC I 
I I I SWITCHES I 

L------J L--.J 

i!!!--- FUNCTION 1 

~FUNCTION2 
~FUNCTION3 
~FUNCTION4 

SEGA · 

SEG B 

SEG C 

SEG D 

SEG E. 

MM57140 
SEG F 

n 
L DISPLAY 

D5 

06 
Dl 

DB 

DB 

FIGURE 4. Clock and 4-Function Timer 

J 



functional description (Continued) 

APPLICATIONS 

The ROM, RAM, architecture of the MM57140 enables 
it to be used in a wide variety of control applications. 
Flexibility is achieved on the input and output line 
through the use of various mask opti'ons. Figure 5 and 
Figure 6 illustrate the digit and segment options. on the 
MM57140. 

A low-cost calculator scheme, (Figure 3), takes advan
tage of a 1 of 9 decode of the digit lines to scan a 
keyboard and provide timing signals for a 9-digit display. 
The segments are decoded as 7-5egment outputs. Both 
segment and digit outputs drive calculator type LED 
displays directly. 

Figure 4 suggests a circuit which permits the MM57140 
to function as a clock with four presettable and reset
table function outputs by using an alternate digit option. 
This clock provides time keyboard setting of digit on 
and off times for each of the four functions. Other 
applications requiring input, output as described in 
Figures 5 and 6 may be provided by the MM57140 when 
ROM and RAM c<jpacity coincide. 

)
BINARY 
OUTPUT 
DSPB 

1OF9 
DSPA, DSPC 

)
:BINARY 
OUTPUT 
DSPB 

} 
1 OF5 . 

OSPA, DSPC 

See· Mask Programmable Options for the details of 
the options. 

l·SEGMENT 
OUTPUT 
OSPA 

BINARY 
OUTPUT 
OSPA 

FIGURE 5. Digit Options FIGURE &.Segment Options 

d15 

d14 
d13 
d12 

d10 
d9 
d8 
d7 
d6 
d5 

B765 

B4321 

IHI 
1110 
11D1 
UDO 
1011 
1010 
1001 
1000 
0111 
D110 
D1D1 

,g •1 •2 ,3 ,4 
ODO OD1 D10 011 1XX 

·D. 15 1,15 2, 15 3, 15 
D, 14 1. 14 2.1.4 3, 14 
D, 13 1, 13 2, 13 3, 13 
0, 12 1,12 2, 12 3, 12 

0, 7 1,l 2, l 3, l 
0 6 1 6 2,6 3·'6 

, 
0,5 1,5 2,5 3,5 

FIGURE 7. RAM Map 

09 
08 
07 
06 
05 
04 
03 
02 
01 

The indicated RAM cells are those that can be directly 
addressed by a single ROl)ll instruction [LB(r,d)). The output 
decoded lines are shown on the right-hand side vs the B(d) 
value before as DSPC comr:nand. 

mask programmable options 
11 Oscillator Options 

DESCRIPTIONS CODE 

Internal Osc. 0 
External Osc. 1 

2) IN1 Options 

DESCRIPTIONS CODE 
CURRENTS 

(NOTE 41 
Ext. Power ''ON" (Pull.lJp to Vss> 00 Source 
(Notes 1 and 21 

Testable 1 Floati'!]j_l~ut (Note 2) 10 
Input [ Pull-Up to V..ss_(Note 2) 11 Source 

l Pull-Down .to VDD (Note 21 12 Sink . 
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mask programmable options (Continued) 

3) IN2 Options 

DESCRIPTIONS CODE 
CURRENTS 

(NOTE4) 

Floating Input (Note 2) 0 

Pull-Up to Vss (Note 2) 1 Sm~rce 

Pull-Down to Voo (Note 2) 2 Sink 

4) I NJ Options 

(a) 7-5egment Outputs 

DESCRIPTIONS *CONDITIONS CODE 
CURRENTS 

(NOTE4) 

Floating Input If Seg. Output Elec. 00 
(Note 3) Option is 00,40, 

50 or 90 

Pull-Up to Vss Seg. Output Elec. .01 Source 
(Note 3) Option must be 00, 

40, 50 or 90 

Pull-Down to Voo If Seg. Output Elec. 02 Sink 
(Note3) Option is XO,X1 or 

X2,.where X = 1, 2, 
3,6,7,8 

*See Segment output elec. options 

(b) Segment as Binarj Outputs 

DESCRIPTIONS CODE 
CURRENTS 

(NOTE 4) 

Floating lnput·(Note 2) 10 
Pull-Up to Vss (Note 2) 11 Source 

Pull-Down to Voo (Note 2) 12 Sink 

5) Digit Output Options 

DESCRIPTIONS CODE 

*01-09 Multiplexed (1of9) 00 
by DSPCOnly 

*01-09 Multiplexed (1 of 9) 01 
by DSPA or DSPC 

01 -04 Binary Output 10 
by DSPB Only, 
05-09 Multiplexed (1 of 5) 
by DSPC Only 

01-04 Binary Output 11 
by DSPB Only, 
05-09 Multiplexed (l of 5) 
by DSPA or DSPC 

*01-04 may be turned ·~ON" by DSPB 

6) Segment Output Fune. Options 

DESCRIPTIONS CODE 

7-Seg_ment Outputs 
Binary Output (SA-Sol 
Binary Output (SA-So) Inverted 

DIGITS 

SEGMENT 

SEGMENTS (INVERTED! 
FOR BINARY OUT ONLY 

7) Segment Output Elec. Options 

*DESCRIPTIONS 
CODE 

(NOTE 4) 
DRIVER LOAD 

7-SEGMENT 

0 
1 
2 

BINARY 
SIZE SIZE 
(MIL) (MIL) OUTPUTS OUTPUTS 

45/0.3 00 50 
10/0.3 0.3/0.4 10 60 

0.55/0.4 11 61 
20/0.3 0.3/0.4 20 70 

0.55/0.4 21 71 
1.1/0.4 22 72 

45/0.3 0.3/0.4 30 80 
0.55/0.4 31 81 
1.1/0.4 32 82 

45/0.3 40 90 
(Note 5) (Note 5) 

*Segment source and sink currents are dependent 
upon the siz~ of driver and load devices. respectively_ 

Code 00,40, 50 and 90 don't have current sinking 
capability. 

8) Decimal Point Output Elec. Options 

Same as 7-segment output elec. options. 

9) Skip PLA Options 

DESCRIPTIONS 

EXC- Skips When Bd = 0, 4, 8, 12 

EXC- Skips When Bd = 0, 8 

EXC- Skips When 8d = 0, 4 

EXC- Skips When Bd = 0, 1, 2, 3 

EXC- Skips When Bd = 13, 15 

CODE 

.3 
7 

11 

12 

16 

Note 1: Internal power "ON" is still active but it will be overridden by external power "ON." 

Note 2: State of the pin wheri the input is Open. 

Note 3: State of the pin when segment g output is turned "OFF." 

Not,e 4: See Performance Characteristics for detail. 

Note 5: Seg. output elec. option code 40, 90 are recommended for direct LED display. See de electrical characteristics for current capabilitY. 

These nine options must be specified to program proper functions, inputs and outputs of the chip. Example. For on-chip osc. direct display 
calculator, ~he following options should be chosen: 

1) Osc option -0 6) Segment output func. option -0 
2) IN1 option -00 7) Segment output elec. option - 40 
3) IN2 option - 2 (not used for calculator) 8) Decimal point output elec. option - 40 
4) IN3 option - 00 (not used for calculator) 9) Skip PLA option - 12 
5) Digit output option - 01 
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typical performance characteristics 

120 
110 
100 

c 90 
3 BO ... 
" 70 .. 
"' l)l 60 
"i 50 

"' 40 z 
§ 30 

20 
10 

IN1 Input Currents (Max) 

•s~u~ci.cbo~ = \1 

~ H:fJ: ±± ~ IZI 
N ~~S .. NK'. V~D ~-ts.:: 

Vss-UV j-I[_ ~ 

~ ISINK·Voo=\ ~ 
t-.vss-uv 
1ILl [ 

1 2 3 c s s 1 a e 10 11 12 

Vss -V1N (V) 

For IN1 co~e = 00, see IN2 characteristics. 

< 
3 ... 
u .. 
"' j 
I .. z 

§ 

240 
220 
200 
180 
160 
140 
120 
100 

BO 
60 
40 

20 

IN3 Input Currents (Max) 

CODE=12 ~~ 
~INK.Yoo= ~ss.-~.sv, 
~CODE=12 
~ ls1NK· Voo = Vss -6.SV 

bS.i ~!.: . 1-LL 
~ ~ i!,ounJ-

~ JS: 

1L .l 11 
rl l ll_ 

1 2 3 4 5· 6 7 8 g 10 11 12 

Vss-V1N (V) 

IN3 code = 02 ·is chosen and if 
segment output el·ec. option is 

Code= XO, IN3 sink current 
is 1 times of code= 12 

Code= X1, IN3 sink current 
is 1.84 times of code= 12 

Code = X2, I N3 sink current 
is 3.67 timl!s of code = 12 

where X = 1, 2, 3, 6, 7, 8, 

Segment Output 
Source Currents (Min) 

12,-,r-=::---,,::-:c,...,.,:-=,-,-,--,-., 

11 
10t-1-i--r--r-r--r::..,..-i'"-t-+-t 

1 2 J 4 5 6 7 8 9. 10 11 12 

Vss -Vou1 !Vl 

where X = 0, 1, 2 
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c 
3 ... 
" g; 
2l 
I .. 
" § 

IN2 Input Currents (Max) 

30 ,-,-,---,-~~-r-,..-,,-,-.-~-, 

25 

20 

15 

10 

•soURCE 

1 2 3 4 s s 1 a e 10 11 12 

Vss -V1N (VJ· 

1 N1 (code= 00) source currents 
are same as IN2 source currents. 

Segment Output 
Sink Currents (Min) 

130 .-.-.--r--r-~~-r-~r-i--.--, 
120 
110 
100 
90 

l :~ 
~ 60 

.!!> 50 
40 
H ~.lf--.(-"!'~il..t:-flct-+-+-+-J 

20 f-f!'?:~~~!=t~ 10 ~ 

1 2 3 4, 5 6 7 8 9 101112 13 

Vss - VouT IV) 

where X = 1. 2, 3, 6, 7, 8 

Segment Output 
Source Currents (Min) 

1 2 J 4 5 6 1 8 g 101112 13 14 

Vss -Your !VI 

where X = o. 1, 2 



standard instructions "O" =low= Voo; "1" = high = Vss 

MNEMONIC DATA FLOW STATUS - SKIP IF DESCRIPTION 

AD M +A->A Add M(B) to A, Store sum in A. 

ADD C+M+A..,.A Add carry bit to M(B). Add sum to A, 

store sum in A. 

1 ~ C Overflow "O~erflow 
1£ SUB 
0 

M+A+c_,,.A Subtract A from M 

-~ Overflow_,,. C Overflow Overflow to C 

!!. COMP 
-

One's complement of.A to A A->A 
0 
u LAX(Y) Y->A Y->A Y=0,-15 •t 
E ADX(YI A+Y_,,.A No overflow Add constant (Y) to A. Store sum in A. 

~ Y= 1, 2 ... 15. 

TAM A= M(B) Compare contents of A to M(6), skip 

if A= M(B) 

SC 1..,.C Set C register 
RSC 0-> c Reset C register 
TC C=O Skip if C = 0 

DSPA* A..,.Sa-Sg.C->Sp A to output latches. 7-segment decoded 

to Sa - s9. Segment decode is 

programmable. {7-segment or 4-bit binary). 

'5 C to Sp latch. 

~ DSPB 84 - Bl..,. 04 - D1 84 - 81 to digit output latches D4 - 01 

~ DSPC* B4 - Bl-> 09 - 01 Always Skips 84 - B 1 decoded to digit output 
il. .= latches, (1 of 9)-, Bd = S..,. 13 

RGPO Reset Output GPO is latched to Vss 
SGPO Set Output GPO ;S latched to Voo 
READ K4-Kl ->A Read K inputs to A 

~ 
TINl INl = 1 Test IN1 

TIN2 IN2 = 0 Test IN2 
~ 

il. TKB K=O Skip if any K input active. 
.= TIN3 IN3= 0 Test IN3 (SEG g) 

GO 15-11-> p Load next ROM instruction address. 

CALL If (LG) SET - SR Call subroutine. I~ previous 

15-1, ... p, instruction was not LG, set SR. 

SAw..,. SBw. P+1 ..,. SA 
~ RET SAw..,. Pw Pop up ROM address save registers. 0 
't; If (SRI SAp ..,. Pp OSR c 
~ 

SAw**SBw u. 

g LG/GO 14-11..,. Pp Two micro·cycle operation. Long GO 
c ts - 11 (Second Word I ..,. Pw TO, Load Pp and Pw. 0 

(,,) 

LG/CALL SA-+ SB, P + 1 ..,. SA Two micro-cycle operation. Long 

15 - I 1 (Second Word)..,. Pw call. Load Pp and Pw. Push down 

address save registers. 

NOP No operation. 

EXC (r) A" M(B) Exchange data word atM(B) with A 

Br © r-+ Br EXCLUSIVE-OR Br with r. r=O, 1,2,3 

~g 
EXC-(r) A+-M(B) Exchange and decrement 8 

>·.;::: Br (£J r..,. Br, Bd - 1..,. Bd Bd 4 3, 2, 1, 0 EXCLUSIVE-OR Br with r. r= 0, 1,2, 3 
C5 f! EXC +(r) A,, M(BI Exchange. and increment Bd E !t 
~o Br (£J r-+Br.Bd+l-+Bd Bd-> 13 EXCLUSIVE-OR B,with r. r=O, 1.2,3 

MTA(r) M(B)->A Load accumulator with data word.M(B) 

Br © r-+ Br EXCLUSIVE-OR Br with r. r= 0, 1,2,3. 

~.! 
TM (ZI M (8, ZI = 0 Test bit Z of M(B). skip if zero 0 .. 

E :;; 
"."' Z=1,2,4,8 ::;; 0 

LB (r,d) r-+ Br, d-+ Bct r-0, 1,2,3.d=5,6, 7,or 12, 13, 14, 15 

E ., 
ATB A-+ Bd Transfer contents of accumulator to 

,, c Bct register 
,, 0 

BTA Bd ..,.A Transfer contents of Bct register to <( .... 

> l? accumulator 15 !t 
EO SB7 Set B7 Sets B 7. 5th register is add,ressed 
~ independent of B5 and 86. 

RB7 Reset B7 85 and 86 are unchanged 

*DSPA can be programmed to turn on DSPC. 
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Keyboard Encoder Circuits 

MM5740 90-key keyboard encoder 

general description 

The MM5740 MOS/LSI keyboard encoder is a 
complete keyboard interface system capable of 
encoding 90 single pole single throw switch closures 
into a usable 9-bit code. It is organized as a bit 
paired system and is capable of N key or two key 
rollover. The MM5740 is fabricated with silicon 
gate technology and provides for direct TTUDTL 
compatibility on Data and Str'Obe outputs without 
the use of any special interface componen~s. 

features 

• TRI-STATE® data outputs directly compati
ble with TTL/DTL or MOS logic 

• Function inputs directly compatible with TTU 
DTL logic 

block and connection diagrams 

For additional application information, see 
AN-128 and AN-139 at the end of this section. 

• Only one TTL level clock required 

• N key/two key rollover (mask programmable} 

• 90 key-quad mode capability 

• One 'character data storage 

• Repeat function (selectable} 

• Shift lock with indicator capability 

• Key bounce masking by single external capacitor 

• Level or pulse data strobe output 

• Data strobe pulse width control 

... 
&DUN Cf 

~" 
Dual-In-Line Package 

¥ 
* " 40 

- IHI.TA " 89 
------oro~~~~l ClOCK~ '" CLOCK " " ---u 

•·<>---+ 

1-----.,--+~:::H 

SNIH : CONTROl : C~~~fllllll 
I 
I 
I 
I 
I 

OUTPllT 
EllAIU 

TR I-STATE is a register~d trademark of National Semiconductor Corp. 
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" " B1 

XB " .. 
X7 J5 

X6 34 .. 
" " " J1 '~ 

" 10 JI " " 11 " " " Y7 

DATA STROBE OUTPUT ,, 28 Y6 

{)A1ASTROBECONTROL 27 " OUTPUT ENABLE " REPEAT VJ 

KEY-BOUNCE MASK 11 24 

'" " Zl 

CONTROL " 21 "' SHlfTLOCKl/O " SHIFT 

TOP VIEW 

Order Number MM5740N 
See Package 24 



absolute maximum ratings 
Data and Clock Input Voltages and Supply 

Voltages with Respect to Vss +0.3V to -20V 
Power Dissipation 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

600 mW at TA = +25°C 
-25°C t~ + 70°C ambient 

-65°C to +160°C 

300°C 

electrical characteristics (Note 1,5) 

PARAMETER CONDITIONS 

Clock Repetition Rate 

Clock Pulse Width Rep. Rate= 200 kHz 
Rep. Rate= 10 kHz 

Clock Amplitude 
Logic Level ."O" 
Logic Level "1" 

Clock Transition Times 

Risetime Rep. Rate= 200 kHz 
Falltime Rep. Rate= 200 kHz 

Clock Input Capacitance 

Data Input Levels, Y1 thru Y10 
Logic Level "O" 

Logic Level "1" 
Logic Level "O" 
Logic Level ''1 '' 

Data Strobe Control 
Logic Level "O" 

Logic Level "1" 

Data Output Levels, Xl thru X9 
Logic Level "O" When Connected to Yl thru Y10 
Logic Level "1" via S~itch Matrix, {CL"" 75 pF) 

Bl thru 89 and Data Strobe 
Logic Level "O" I = 100µA (Note 21 
Logic Level "1" I = 1.6 mA (Note 21 

Shift Lock Voltage Open Before Closure 

Shift Lock Voltage Closed Switch Closed 

Shift Lock Voltage Locked After Release, (I= LO mAJ 
(Figure 21 

-Transition Times 
Data Strobe (T os1) Cc = 100 pF, I = 1 .6 mA 
Data Strobe IT DSO I Cc= 100 pF, I= 100µA 

Data Output Levels 

IT001I Cc= 100pF, 1 = l.6mA 

IToool CL= 100 pF, I' lOOµA 

OutpUt Enable Setup Time {Toes) 

Output Enable Release Time {T OER) 

Repeat Input Pulse Width (T RPwl (Note 31 
fcLOCK :: 10 kHz 
fc'LOCK -= 200 kHz 

Power Supply Current IGG1· lss 

MIN TYP MAX 

10 200 

2.4 2.6 
20 80 

3.25 
+0.4 

100 
100 

5.0 

V55 -1.5 
-4.5 

3.25 
'0.4 

+3.5 
. +0.4 

Vss - 0.75 
-4.5 

V66 -l.O 
+0.4 

VGG - 2.0 

Vss 

Vss .. 5.0 V55 - 8.0 

2.5 
1.0 

2.5 
1.0 

2.5 

2.5 

10 
0.5 

20 35 

NOte 1: These specificStiOns apply for Vss = +5.0 VDC ±5%, VGG = -12.0 VDC ±5%, VLL = GND and TA= .0°C to +-70°C. 

Note 2: When outputs Bl thru 69 and. Data Strobe are driving TTLIDTL V55 - VLL <; 5.25V. When driving MOS, Vss -
VLL s 10.0V. 

1 
Note 3: '!rpw rTiin. = 100 x f clock 

Note 4: If shift and control inputs are derived from a single pole, single throw switch closure to V55. a 100 OHM resistor 
returned to VLL (GND) 1s required on these inputs. 

Note 5: The following inputs have i'nternal pull-up resistors to V55: clock, output enable, repeat, shift, control. 
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UNITS 

kHz 

µs 
µs 

v 
v 

ns 
ns 

pF 

v 
v 
v 
v 

v 
v 

v 
v 

v 
v 
v 
v 
v 

µs 
µs 

µs 
µs m µs 

µs 

ms 
ms 

mA 



0 
rt description of pin 
It> 
:? NAME 
:? 

X1-X9 

Yl-YlO 

B1-B9 

Data Strobe Output 

Data Strobe Control 

Output Enable 

Repeat 

Key-Bounce Mask 

Shift 

Control 

Shift Lock 1/0 

Clock 

Vss 

VLL 

functions 

PINNO. 

4-12 

22-31 

1, 33-40 

13 

14 

15 

16 

17 

21 

19 

20 

3 

32 

2 

18 
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FUNCTION 

These pins are chip outputs which are used to 
drive the key switch matrix. When activated (at 
the appropriate scan tirTie) they are driven high. 

Pins 22-31 are the Y'sense inputs which are con
nected to the X drive lines via the key switch 
matrix. They are internally precharged to a low 
state and are pulled high upon switch closure. 

These are the data outputs ·which represent the 
code for each keyswitch. They are TRI-STATE 
outputs with direct TTL compatibility. When the 
output enable input (Pin 15) is high, these outputs 
are in the third state. 

The function of this pin is to indicate that valid 
data has been entered by the keyboard and is 
ready for acceptance. An active data strobe is 
indicated by a high level. The data strobe may be 
operated in the pulse or level mode as indicated by 
the timing diagram. 

The basic purpose of thiS input is to provide 
data strobe output pulse width control. When con
,necled to the data strobe output (Pin 13), the 
data strobe will exhibit a one bit wide pulse width. 
The pulse width may be varied by interposing an 
RC network between the data strobe output and 
the strobe contn;>I input. For leyel mode of opera
tion the data strobe control input may be tied to 
Vs5 o.r to the data strobe output. 

This input serves to TRI-STATE the data output 
(Bl-89) lines. In addition, it controls the return 
of the data strobe to the idle condition (low state) 
which is needed in the level strobe mode of 
operation. 

The repeat input is qesigned to accept a repeat 
signal via the repeat key. One data strobe will be 
issued for each positive interval of the repeat 
signal. Thus, if a 10 Hz signal is applied to th~ 
repeat input via the repeat switch. a 10 character 
per sec9nd data strobe will be issued when a data 
key and the repeat key are held depressed. 

This pin ls intended as a timing node to mask 
switch key·bounce. The mask time interval is 
generated by connecting a capacitor to this pin. 

When this input is brought to a logic "O" !Yssl 
level, the encoder will a:ssume the shifted char· 
acter· mode. -

A logic . "O" places the encoder in the cqnrrol 
character mode. 

This pin is intended to serve as an iriput when the 
shift lock key is depressed. It places the encoder 
in the shift mode. Upon release of the key, the 
shift mode will be maintained and this pin will 
serve as an output to drive an indicator. This tune· 
tion is reset by depressing the shift key. 

A TTL compatible clock signal is applied to this 
pin. A bit tjme is defined as the time from one 
negative going transition to the succeeding nega· 
tive going transition of the clock. 

+5.0V supply 

Ground 

-12V supply 



timing diagram 

PULSE 
STROBE 

MOOE 

CLOCK 

DETECT ~ 
SWITCH ~"."-' 

CLOSURE "'-'-' 

CHARACTER 
STORED 

( ~~~~UTS 
DATA 
STROBE 

DATA 
STROBE 

---------~ 

KEY-BOUNCE M~SK TIME 
(OETERMINATEO BX EXTERNAL C) 

~-----.+---, 
'\ 

+0.4 

Toes--j 
j !Torn 

LEVEL 
STROBE 

MODE OUTPUT 
ENABLE u-
ou.:!.~~~,------------------------~ 

ro---------HIGH IMPEDANCE STATE ----------J 1'-----

applications information 

OUTPUT 
ENASU 

'" 

T' 
A) DATA STROBE PULSE WIDTH" 

ONE CLOCK PERIOD 
BJ wrnER DATA STROBE PULSE WIDTH 

CONTROLLED RV RC 

Pulse Data Strobe Mode 

key bounce capacitor values 

500 

400 

- 300 
u 
z 
;: 
" 200 
~ 
5 

100 

1.0 2.0 

TIME (ms) 

3.0 4.0 

FIGURE 1. Key-Bounce Mask Time 
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Level Data St•obe Mode 

I 

mJ 



application 

-IZV GND 

' 'II. 
_,,__J 111 1· I OPEN I CLOSED 

-12V 

FIGURE 2. Shift Logic 1/0 Interface 

repeat switch function 

SWITCH~") 
DATA 

MMSJO(I STROBE 
REPEAT 

0 IN~UT I 

OSCILLATOR 

Repeat Switch Connections 

CLOCK~~i--f1_JU1_.fl-J 

REPEAT ~1.<t<:+---+--il------, 
INPUT 

DATA ______ _.n-~_'_1._1 _________________ fT_ 
STROBE 

Note: Both Repeat Switch and a Data Key must be depressed to enable repeat function. For N-Key RoUover, the data 
outputs will represent the current valid data key (N Key Roll during Repeat). 

typical applications 

t;~.'-~- -
'""JJ 

Repeat Function 

FOllN-KEYROLLOVER 

K£YSWITCHMATAIX 
190MAXI 

SINGLE-~OlE,SINGLE 

HIROW.MOMENTAR'f 
.+-+.-+--

x, -- x. 
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DATA 
STAQSE 

CONTROL 

' ' ' ' L-.,Y..,-1 
-'-
-r-

' ~ 



CODE ASSIGNMENT CHART 

Customer: 

Date: 

MATRIX COMMON UNSHIFT SHIFT CONTROL 
SHIFT 

ADDRESS CONTROL CHARACTER 

x v. 81 82 83 84 8g Bs Bs 87 Ba Bs Ilg 87 Ba Bs Bs 87 Ba Bs Bs 87 Ba us s c SC 

(Note31 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

0 N·Kev Aollover 

0 2 Key Rollover 

Page,Q of3 !Note II 

Note: Use 88 if parity bit is desired 

Note 1: 3 code assignment charts are required for each keyboard encoder pattern. Fill in a "1" or "O" in each output box 
(81 thru B9l. Indicate page number. 
Note 2: The matrix is 9 "X" locations by 10 "Y" locations. 
Note 3:·Writein 10 one's, 10 two's, etc. in suCC11ssive X address locations up to 9. This will fill 3 charts. The first page will have 
address matrix location 1,1; 1,2: 1,3 ... 1,10; 2,1; 2.2 ... 2,10;3,1, etc. up to 3,10. Page 2 has 4,1to6,10. Page 3 has 7,1to9,10. 
Note 4: A contact closure at the address matrix l_ocatlon will cause the appropriate bit pattern to appear at the output in nega-
tive true logic. VoH = "0"; VoL = "1." 

Note 5: See application note AN-80 for coding exe~ple. ,. 
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MM5740AAE, MM5740AAF CODE ASSIGNMENT CHARTS 

MATRIX 
COMMON 

ADDRESS 

x y ., . , 83 •• 
1 1 0 0 0 1 

1 2 0 0 1 0 

1 3 1 0 1 0 

1 4 1 0 0 0 

1 5 0 1 0 0 

1 6 1 1 0 0. 

1 ' 0 0 0 0 

1 8 0 1 1 0 

1 9 1 0 0 1 

1 10 1 1 1 0 

2 1 0 0 I 1 

2 2 1 0 I 1 

2 3 0 0 1 1 

2 4 1 0 1 1 

2 5 1 1 0 1 

2 6 0 1 1 1 

2 7 0 0 0 0 

2 8 1 0 0 1 

2 9 0 0 0 1 

2 10 1 0 1 1 

3 1 0 0 0 0 

3 2 0 1 0 1 

3 3 0 0 0 0 

3 4 1 1 1 1 

3 5 1 1 D l 

3 6 0 1 1 1 

3 7 1 1 1 1 

3 8 0 0 0 0 

3 9 1 1 1 1 

3 10 0 1 D 1 

MATRIX 
COMMON 

ADDRESS 
·x y •• ., •• •• 

4 1 1 0 0 1 

4 ' 1 0 0 1 

4 3 1 1 1 1 

4 4 1 1 0 1 

4 5 0 0 1 1 

4 6 0 0 1 1 

4 7 0 1 1 1 

4 8 0 0 1 1 

4 9 1 1 0 1 

4 10 o I o 0 1 

5 1 0 1 1 0 

5 2 1 0 1 0 

5 3 1 0 0 1 

5 4 0 1 0 1 

5 s 0 0 0 1 

5 6 1 0 1 1 

s 1 0 1 1 1 

5 8 ' 0 1 1 

5 9 0 1 1 1 

5 10 1 1 1 0 

~ 1 1 0 1 0 

• 2 0 1 0 0 

6 3 0 0 1 0 

6 4 0 1 1 0 

6 5 ' ' 1 0 

6 6 0 1 1 0 

• 7 0 . 1 0 0 

• 8 0 0 0 1 

6 9 1 0 0 1 

• 10 0 0 1 0 

Negative True Logic 

8 1 - B7 = ASCII Code 

UNSHIFT .. .. •• . , •• .. 
0 1 1 0 1 1 

0 1 1 0 1 1 

0 1 1 0 0 1 

0 1 I 0 I I 

0 1 1 0 1 I 

0 1 1 0 0 1 

1 1 1 0 0 1 

0 1 I 0 0 I 

0 1 1 0 0 1 

0 1 I 0 1 I 

0 0 0 0 0 0 

1 0 0 0 1 0 

0 1 0 0 1 I 

0 1 0 0 0 I 

0 0 0 0 1 0 

0 0 0 0 1 0 

1 0 1 0 1 0 

0 0 0 0 0 0 

1 0 0 0 1 0 

1 0 1 0 0 I 

0 1 1 0 0 1 

1 0 0 0 0 0 

0 1 0 1 0 0 

1 1 1 1 1 1 

0 1 1 0 1 0 

1 D 1 0 0 0 

0 .o 1 0 1 1 

0 1 0 1 0 1 

0 0 0 1 1 0 

1 1 1 0 D 0 

UNSHIFT .. •• .. . , •• •• 
0 1 1 0 0 0 

0 0 0 I 1 0 

1 0 0 1 1 I 

0 0 0 1 0 1 

0 0 0 1 1 I 

0 0 1 0 1 1 

1 o I 1 0 0 1 

0 0 0 1 1 0 

0 0 0 1 0 0 

0 1 1 ' 0 0 

0 ' 1 0 0 0 

0 1 0 1 0 1 

0 1 0 1 0 1 

0 0 0 1 1 0 

0 0 0 1 0 0 

0 0 0 1 0 1 

1 0 0 1 0 1 

0 0 0 1 0 0 

0 0 0 1 0 0 

0 1 1 0 1 0 

0 1 1 0 0 0 

0 1 0 1 1 1 

0 1 0 1 1 1 

0 0 0 1 1 0 

0 0 0 1 0 0 

0 1 0 1 0 1 

0 0 0 1 0 0 

0 1 0 0 0 1 

0 1 0 0 1 1 

0 1 1 0 1 0 

Ba = Even parity {on B1, B2. 63, 84, Bs. 65, 67, Bal 
6 9 = Selective Repeat Bit 

Note: Use 8 8 if parity bit is desired. 

SHIFT CONTROL 
SHIFT 

CONTROL .. ., .. .. .. ., . , .. •• . , • • us 
1 0 1 1 1 0 1 1 1 0 1 8 

1 0 1 1 1 0 1 1 1 0 1 4 

1 0 0 1 1 0 0 1 1 0 0 5 

1 0 1 1 1 0 1 1 1 0 1 1 

1 0 1 1 1 0 1 1 1. 0 1 2 

1 0 0 1 1 0 0 1 1 0 0 3 

1 0 0 1 ., 0 0, I I 0 0 .. -. 
1 0 0 1 1 0 0 I 1 0 0 G 

1 0 0 I I 0 0 I 1 0 0 9 

1 0 ' 1 I 0 1 1 1 0 1 7 

0 0 0 0 0 0 0 0 0 0 0 FF 

0 0 1 0 0 0 1 0 0 0 1 CH 

0 ~ I 1 0 0 1 1 0 0 1 FS 

0 0 0 1 0 0 0 1 0 0 0 GS 

0 0 1 0 0 0 1 0 0 0 1 VT 

0 0 1 0 0 0 I n 0 0 I so 
1 0 I 0 I 0 1 0 1 0 1 SP 

0 0 0 0 0 0 0 0 0 0 0 HT 

0 0 1 0 0 0 I 0 0 0 1 BS 

1 0 I 0 1 0 0 1 I 0 I 

I 0 0 1 1 0 0 1 1 0 0 '" 
0 0 0 0 0 0 0 0 0 0 0 LF 

0 1 1 1 0 0 1 0 0 0 0 p 

1 1 1 1 1 1 1 1 1 1 1 DEL 

1 0 0 1 1 0 1 0 1 0 0 

1 0 0 0 1 0 0 0 1 0 0 

1 0 0 0 I 0 1 ' 1 0 0 

0 1 0 1 0 0 1 1 0 0 1 p 

b 1 1 '0 0 0 0 0 0 0 0 D 

1 0 1 1 1 0 0 0 I 0 1 

SHIFT CONTROL 
SHIFT 

CONTROL .. ., .. •• .. . , .. •• •• ., • • us 
1 0 1 1 1 0 0 0 I 0 1 9 

0 I 1 0 0 0 0 0 0 0 0 I 

0 1 0 0 0 0 0 1 0 0 1 0 

0 1 1 0 0 0 1 1 0 0 0 K 

0 1 0 0 0 0 0 I 0 0 1 L 

1 0 0 0 1 0 1 1 I 0 0 

1 0 I 0 1 0 0 1 1 Io 1 

0 1 I 0 0 0 0 0 0 0 0 L 

0 1 0 0 0 0 ,1 0 ·0 0 1 K 

1 0 0 1 I 0 1 0 1 0 0 B 

1 0 1 · 1 1 . 0-1 0 0 1 i 0 1 G 

0 1 0 1 0 10 '1 1 0 0 1 u 

0 1 0 ; 0 0 1 1 0 Io 1 y 

0 1 1 0- 0 0 0 0 0 0 0 J 

0 1 0 0 0 0 1 0 0 0 1 H 

0 1 1 0 0 0 1 1 0 '0 0 M 

0 1 1 0 ! 0 0 1 1 0 0 0 N 

0 1 0 0 0 0 1 0 0 0 1 M 

0 1 0 0 0 0 1 0 0 0 1 N 

1 0 0 1 1 0 1 0 1 0 0 7 

1 0 1 1 1 0 0 0 1 0 1 5 

0 1 1 1 0 0 0 1 0 0 0 R 

0 1 1 1 0 0 0 1 0 0 0 T 

0 1 1 0 0 0 0 0 0 0 0 F 

0 1 0 0 0 0 I 0 0 0 1 G 

0 1 0 1 0 0 0 1 0 0 0 v 
0 1 0 0 0 0 1 0 0 0 I B 

0 0 0 1 0 0 0 1 0 0 0 CAN 

0 0 1 ,1 0 0 1 1 0 0 1 EM 

1 0 0 1 1 0 1 0 1 0 0 4 
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CHAJ'.'ACTER 

s c SC 

8 8 B .• 4 4 

5 5 5 

1 1 1 

' ' 2 

3 3 3 

•.• " 
,, 

6 6 B 

9 9 9 

7 7 7 

FF FF -t-~ 
CR CR CR 

FS FS' FS 

GS GS GS 

VT VT VT 

so so so 
SP SP SP 

HT .HT HT 

BS BS BS 

,, 
'·' 

LF LF LF 

"' OLE NUL 

DEL DEL DEL 

, I 

p OLE OLE 

0 SI SI 

CHARACTER 

s c SC 

I 9 I 

! HT HT 

SI us 

' VT ESC 

FF FS 

L FF FF 

K VT VT 

' 8 I 

& " & 

u NAK NAK 

y EM EM 

J LF LF 

H BS BS 

J CR GS 

,\ so RS 

M CR CR 

N so so 
7 

",, ' .. ., 
R DC2 OC2 

T DC4 OC4 

F ACK ACK 

G BEL BEL 

v SYN SYN 

8 STX STX 

CAN CAN CAN 

EM EM EM 

s 4 s 



M!in5740AAE, MM5740AAF CODE ASSIGNMENT .CHARTS (CONTINUED) 

MATRIX 
COMMON 

ADDRESS 

x y 81 82 

7 1 0 1 

7 2 1 0 

7 3 1 1 

7 4 0 0 

7 5 0 0 

7 6 1 1 

7 7 1 0 

7 8 0 1 

7 9 1 1 

7 10 1 1 

B I 1 0 

8 2 1 1 

8 3 0 1 

8 4 1 1 

8 5 1 1 

8 6 0 0 

B 7 1 1 

8 8 0 0 

8 9 1 0 

8 10 o. 1 

9 1 0 0 

9 2 1 0 

9 3 1 1 

9 4 1 0 

9 5 1 0 

9 6 0 1 

9 7 0 1 

9 8 1 1 

9 9 0 0 

9 10 1 0 

Negative True Logic 

8 1 - B7 "' ASCII Code 

83 ., 
0 0 

1 0 

0 0 

1 0 

1 0 

0 0 

1 0 

I 0 

1 0 

0 0 

1 0 

1 0 

't' 0 0 

1 0 

0 1 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 l 

0 a 
0 0 

1 0 

0 0 

8, 85 

0 I 

0 0 

0 1 

0 0 

0 1 

0 0 

0 1 

0 I 

0 I 

0 ~ 
0 0 

0 I 

0 0 

0 I 

0 0 

0 1 

0 ~ 
0 1 

0 1 

0 1 

0 0 

0 1 

0 1 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

0 1 

UNSHIFT SHIFT CONTROL 

85 87 8s 85 85 8, .. 85 ., a, 8, 

0 0 0 I 0 0 0 1 0 o :_[o 
0 1 1 0 0 I 1 0 0 0 '0 

0 0 1 I 0 0 1 I 0 0 I 

0 1 0 0 0 I 0 0 0 0 I 

0 0 0 I 0 0 0 1 0 ' 0 0 

0 I I 0 0 1 I 0 0 0 0 

0 0 1 I 0 0 I I 0 0 1 

0 0 I I (I 0 ' I 0 0 ' 
0 0 0 1 0 0 0 I 0 .o 0 

I 0 0 0 ln-+- 4-ln o 
0 0 0 

-7+0-. "-~-'- ~o 
0 1 I 1 n '1 I l 1 j 0 I 0 I 0 

--+~ 
0 0 0 0 0 0 ~- ++HH: -

1 ' 0 I 1 I 0 0 1 0 

0 0 I O ! 0 I o j_ I oJo J_O 1 

0 1 -r;--~1· 1 I I 0 ' 0 0 

0 0 0 0 J_o__;,_'l __ 0 oJ_o lo o 
0 0 1 1 : o I o 1 9~ 0 0 0 --;--1-~~ -;;- 0 0 

' 
I 0 1 0 1 0 _o_ 1 _ 1 0 ' 1 

0 0 j--~ j-0-t-O 0 0 0 0 0 lo 
0 l I 0 l 1 I I) 0 I) 

a 0 0 1 0 0 0 1 0 ' 0 0 

0 1 0 0 0 1 0 0 0 ! 0 I 

0 0 '1 0 0 0 1 0 0 0 1 

0 1 a 1 0 1 0 1 0 0 I 

0 0 1 0 0 0 1 0 0 0 I 

0 0 0 0 0 I 0 0 0 0 0 0 

0 0 1 0 0 0 1 0 0 0 1 

1 0 1 0 1 0 0 I I 0 1 

Ba "' Even parity (c:m 8 1 , 0 2 , 63, 84, 65, BG, 87. Bs) 
8 9 "' Sel.ective Repeat Bit 

Note: Use Ba if parity bit. is desired. 

ASR 

ASR 33 
MM5740AAE IN-KEY ROLLOVER I 
MM5740AAF 12-KEY ROLLOVER I 

Typical Keyboard Arrangement 

1p,9 

SHIFT 

CONTROL 
CHARACTER 

85 ., ., ., us s J_ c SC 

I 0 0 D DC2 DC2 __ TDC2 OC2 

0 0 0 0 E ' JENG ENG 

I 0 0 I DC3 DC3 I DC3 DC3 

0 0 '0 1 D 0 EOT : EOT 

I 0 0 0 OC4 DC4 OC4 DC4 

0 0 0 0 c c ETX El X 

I 0 0 I NAK hlAK t~AK NAK 

1 IO 0 1 SYN SYN SYN SYN 

I 0 '0 0 ETB I ETB ETB EH! 

0 1 0 1 3 # 3 II 

(I 0 0 0 ENO ENO ENO I ENO 

I 0 0 0 w \"·J EH! Em 

0 0 0 0 ACK AC!< ACK I /\CK 

I f 0 0 1 s s DC3 DC3 

0 0 0 i' BEL B!::L , BEL. ! sEL 

1 0 0 0 x x (Af\j Cf.i,N 

0 0 0 '0 SI SI SI SI 

I 0 0 I OLE OLE DLE iJLE 

I I 0 0 0 DCl DCl DCl DCI 

0 -+-'--+"-- 0 2 2 

0 0 0 0 MUL NUL NUL !'!UL 

1 0 0 0 0 0 DCl -o~ 
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Keyboard Encoder Circuits 

MM5745, MM5746 78-key keyboard encoder 

general description 

The MM5745, MM5746 MOS/LSI keyboard encoder is 
a complete keyboard interface system capable of 
encoding 78 double-pole single-throw switches (hall
effect, capacitive, or contact) into a 10-bit code. Full 
quad-mode operation allows 4 independent 10-bitcodes 
per switch. Debounce circuits for contact keys are 
provided for 3 function switches. The MM5745, MM5746 
is fabricated with low threshold metal gate P-channel 
enhancement devices and ion-implanted resistors and 
provides for direct TTL/DTL compatibility on Data 
and Strobe outputs without the use of any special 
interface components. 

features 

• 78- key quad-mode capability 

• N-key/2-key rollover 

• 1 character data storage 

• Level or pulse data strobe output 

• Data strobe pulse width control 

• Key bounce delay control 

• Function key debounce circuits 

• Data and Strobe outputs directly compatible with 
TTL/DTL or MOS logic 

connection diagrams (Dual-In-Line Packages) 
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1ll 11 12 1J 
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Order Number MM5745N 
See Package 24 
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See Package 24 
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absolute maximum ratings 

Voltage at Any Pin Except Outputs Vss + o.3V to vss - 25V 
Voltage at Any Output Pin Vss + o.3V to Vss- 2ov 
Power Dissipa,tion 700 mW at TA= 25°C 
Operating Terhperature -25°C to +70°C ambient 

Storage Temperature -65°C to +160°C 

Lead Temperature (Soldering, 10 seconds) 300°c 

electrical characteristics (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V1H High Level Input Voltage With Respect to Vss -1.5 v 

V1L Low Level Input Voltage_ With Respect to VDD 0.8 v 

VoH High Level Output Voltage With Respect to Vss -1.8 v 

VOL Low Level Output Voltage With Respect to VDD. IOL = 1.6 mA 0,4 v 

llL Low Level Input Current (Logic) Vss = 5.25V, V1N = 0.4V (Not Including -1.6 mA 

MOS Inputs), (Note 2) 

tr 10-90% Output Rise Time CL= 50 pF 1 µs 

tf 90-10% Output Fal,I Time CL= 50 pF 1 µs 

td Delay Time Input to Output Delay Capacitor= 0, RL = 2oon 20 µs 

ts Delay from Strobe to Data Output 0.5 µs 

Dtd Delay R/C Time Delay ±25% Variation Max per Given Set ·40 80 µs 

of Rand C 

R-Useful Range 200 680 kn 

C-Useful Range at Min R Q,001 0.002 µFd 

ltd Inhibit One-Shot Time Delay ±25% Variation Max per Given Set 1 30 ms 

of Rand C 

R-Useful Range 200 680 kn 

C-Useful Range at Min R 0,025 0.75 µFd 

Std Strobe One-Shot Time Delay ±25% Variation Max per Given Set 40 80 µs 

of Rand C Typ 

R-Useful Range 200 680 k.11 

C-Useful Range at Min R 0.001· 0.002 µFd 

Btd Debounce Oscillator ±25% Variation Max per Given Set 1 7 ms 

of Rand C 

R-Useful Range 200 680 kn 

C-Useful Range at Min R 0.025 0.175 µFd 

iss Supply Current Vss= 5.25V 100 mA 

IGG Bias Current VGG = -18V 5 mA 

Note 1: Vss = 5V ±5%, Voo =God, Vss = -12V to-18V and TA= o"C t9 +10°c. 
Note 2: The following inputs have internal pull-up resistors to Vss= Output Enable, Output Data Polarity. 

functional description 

A block diagram .of the MM5745 and MM5746 keyboard 
encoders is shown in Figure 1. Connection diagrams for 
these devices are shown on the previous page. The 
following discussions are based on Figure 1. 

specified with each reprogramming of the coding mask. 
A maximum of 78 input codes may be specified. 
Typically, coding takes the form of 2 out of 13 inputs. 

Cqded Key Inputs 

Thirteen MOS type coded key inputs, designated A-M 
can be coded in an M of N format. These codes must be 

10·11 

Contact Key Inputs 

Three MOS type contact key inputs designated A, B and 
C can be used to debounce contact type switches. 

s:: 
s:: 
C1I ..... 
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functional description (Continued) 

Mod11 Select Inputs 

Two mode inputs, designated S1 and S2, are used to 
select any 1 of the 4 output coding modes. The binary 
number selections to represent a given output code 
mode must be specified with each reprogramming of 
the coding mask. 

Output Data Polarity Input (MM5746 Only) 

The Output Data Polarity Input, when switched from 
one state to the other, causes a reversal of the output 
data polarity. When open, the input is held high, logical 
"1 ", by an internal pull-up resistor, and the data comes 
through non-inverted from the output ROM. 

Output Enable Input 

The Output Enable Input enables the output storage 
latches to accept new output data and allows an output 
strobe to be generated. When the input is open, an 
internal pull-up resistor holds the input high, logical "1 '', 
and enables the output. When held low, logical "O", 
the output and strobe are disabled. 

Debounce Oscillator R/C Input 

The Debounce Oscillator R/C Input is a timing input 
that can eliminate closing or opening contact bounce 
durations of between 1 to 2 clock periods. Depending 
upon the length of bounce and R/C values chosen, 
the output will be delayed from the inputs from 1 to 
14 ms. The resistor connects to VGG and the Capacitor 
connects to Vss-

Strobe One-Shot R/C Input 

The Strobe One-Shot R/C Input is a timing input used 
to adjust the width of the delayed output strobe. The 
strobe width has a ±25% variation for a given set of R 

OUTPUT 

Vss 

INPUT DECODER 

----1a----
OUTPUT ENCODER 

{ 
INPUTAi>---+B=:A} CONTACT 

CON~:;; INPUT Bo------+ DEBOUNCE B KEVS 
OUTPUT 

INPUT Ci>---+ C 

OEBOUNCE <>-----+ + 
OSCR/C ~ 

and C. The pulse width range can be varied between 
1 µs and 10 ms. The resistor and capacitor timing 
elements are connected as stated for the Debounce 
Oscillator R/C input. 

Inhibit One-Shot R/C Input 

The Inhibit One-Shot R/C Input is a timing input used 
to disable the Encoder Chip outputs for a period of 
ti me after new data ha~ appeared at the outputs and a 
strobe issued. The inhibit time is necessary to allow the 
Coded Key inputs to settle out after a ·keyswitch is 
depressed. The time slot is adjustable from 1-10 ms 
±25%. The recovery time is less than 100 µs. The 
resistor and capacitor timing elements are connected 
as stated for the Debounce Oscillator R/C Input. 

Delay R/C Input 

The Delay R/C Input is a timing input used to determine 
that valid data is present at the Coded Key Inputs. 
Valid data mus.t be present continuously for some period 
of time adjustable between 40 and 80 µs ±25% before 
the data is accepted as val id data. The resistor and 
capacitor timing elements are connected as stated for 
the Debounce Oscillator R/C Input. 

Contact Key Outputs 

Three contact key outputs designated A-C provide 
bounce-free non-inverted outputs corresponding to their 
respective inputs. 

Data Outputs 

Ten Data Output lines designated BO-B9 are provided. 
The specific output code related to a given input code 
and mode must be specified with each reprogramming 
of the coding mask. 

STROBE WIDTH 
ONE-SHOT 

RIC 

STROBE 
OUTPUT 

89 1DTH DATA OUTPUT (MM5745) 

BB l DATA OUTPUTS 
BO (MM5745 AND MM5746/ 

FIGURE 1 
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functional description (Continued} 

Strobe Output 

The Strobe Output is used to indicate that new data 
has just been placed on the Data Output lines. 

Data Transfer 

Input data, typically in a 2 out of 13 format, is intro
duced by depressing a keyswitch. The data passes 
through the input buffers, input inverters, and is 
decoded into single line codes if the data is valid. There 
are a maximum of 78 single line codes and these are 
coded into 41-bit output words. The 41st bit is used to 
enable the delay R/C timer. Valid input data must be 
present continuously for typically 60 µs before it is 
accepted as valid input data and the proper output codes 
and strobe are generated. 

The status of the mode select inputs determines which 
of the 4 10-bit output codes are selected (first 40 
bits). The mode select lines are programmable in binary 
format and therefore are decoded into single line codes. 
The output encode in reality has 82 input lines (78 
input codes and 4 modes}. When a valid input code is 
present and the mode is selected, the proper 10-bit 
word is steered th rough the Mode "OR" Gates and to 
the inputs of the storage latches. When the proper delay 
interval has elapsed, the load logic loads the new data 
into the storage latches. 

Both polarities of the 10 data bits are fed to the 
Polarity Select Gates where the output Data Polarity 
Input selects the desired polarity output. The selected 
10 data bits output the chip through the Output Buffers. 

Logic Sequence 

The Logic Se(juence is not initiated until the successful 
completion of the delay timing cycle. At the c0mpletion 
of the delay cycle, 3 things happen almost simultan
eously. First, a load signal of approximately 2 µs is 
fed to the storage latches to accept new data. Second, 
the Strobe Pulse, typically 60 µs wide, is generated. This 
pulse will not go true until at least 1 /2 µs after the data 
is present at the outputs. Third, the inhibit timing cycle 
is initiated within 2 µs after the load .and strobe inputs 
are generated ·and locks out the load and strobe inputs 
for the duration Of the inhibit timing cycle. This insures 
that only one strobe is generated and no data is changed 
during the 1nhibit cycle. 

If the input data disappears less than 1 /2 µs after the 
completion of the delay cycle, it is possible that erro
neous logic sequencing can take place. The symptoms 
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are new data, but no strobe or no new data, but a strobe · ~ 
is generated. · v• 

If the output enable input is held faise, no· logic !: 
sequencing can take place and the chip remains locked !: 
up with the existing data statically available at the ~ 
outputs and no strobes can be generated. ..,. 

O» 
.A programming option is available wherein a level strobe 
can be specified instead of the· delayed strobe as des· 
cribed above. In this option, the level strobe goes true at 
the end of the delay cycle as does the delayed strobe, 
but is remains true as long as a valid data input signal is 
present. It is not affected by the inhibit timing cycle. 
The level strobe responds to the data "input lines and is 
inhibited only by the Output Enable going false. 

Debounce Circuiu 

The debounce circuits utilize a pulse train clock oscil
lator and shift registers. The input must remain in one 

·state for 2 consecutive clock pulses before it will change 
the output to that state. The outputs follow the input, 
in that they are non-inverting. 

OPTIONS 

The following options are customer specified. (For 
format information, see Programming Format section) .. 

Input Code 

The input code M out of N (typically 2 out of 13) must 
be specified for each reprogramming of the coding mask. 

Mode Select 

The Mode Select lines bit pattern must be specified for 
each mode for each reprogramming of the coding mask. 
Each mode must be specified whether used or not. 

Output Code 

The Output Code must be specified for each input code 
and mOde as above. 

Strobe 

The Delayed Strobe is a4tomatically selected unless the 
option for the level strobe is selected. 

Input Resistors 

Each of the 13 inputs and the 2 mode select inputs may 
have internal resistors (4.5 kil ±30%) connected to Vss. 
VDD or left open. 



functional description (Continued) 

Programming Format 

The MM5745 and MM5746 keyboard encoders are 
programmed using 4 types of punched data cards whose 
function and format are explained as follows: 

I. Shift Input (Mode,!lelect) Cards 

Mode select data is contained in a set of 4 cards which 
specify the ROM mode to be .selected for each of the 
possible shift input combinations. 

Column 

1-6 

8 
10 

12 

Sl:ilFT INPUT CARD FORMAT 
(Columns not listed V¥ilf contain no punches) 

Possible 
Characters 

"OPTION" 

Digits 1-4 
'°"or Blank 

(Note 5) 
Digits 0-3 

Meaning 

Shift input-ROM mode 
assignment to be specified 
Particular shift inPut 
Equals, nothing punched 

ROM mode: 
0 =Mode 1 
1=Mode2 
2 =Mode 3 
3 =Mode 4 

II. Device Option Cards 

Device option data is contained in a set of 16 cards 
which specify level or delayed strobe output and establish 
positive, negative or floating input resistor connections. 

Column 

1-6 

7,8 

10 

12 

DEVICE OPTION CARD FORMAT 

Possible 
Characters 

"OPTION" 

Digits 5-20 

=or Blank 
(Note 5) 
Digits 0, 1 or 2 

Meaning 

Device options 'to be 
specified 
Involved device inputs and 
outputs are respectively, 
A-M, S1, S2 and Delay/ 
Level strobe output 
Equals, nothing punched 

For options 5-19: 
0 ""' No connection 
1 =Input resistor tied to 

VoD 
2 = Input resistor tied to 

Vss 
For option 20: 
0 = Level strobe 
1 = Delay strobe 

Note 1: Words 01 through 09 require leading zeros. 

111. Coding Data Cards 

ROM coding data is contained in a set of 78 cards with 
1 card for.each ROM word. 

CODING DATA CARD FORMAT 

Possible 
Column Characters Meaning 

Character A Address character 
2,3 Digits 00-77 ROM word identification 

(Note 1) 
5 Digits 0, 1, 2 or Input A input code 

3 (Note 2) 

17 Input M input code 
20 Digits 0 or 1 IS1 enable gate code 

(Note 3) 
24 Digits 0 or 1 Output 9, mode 1 (Note 

4) 

33 Output 0 
36 Digits 0 or 1 Output 9, mode 2 (Note 

4) 

45 Output 0 
48 Digits 0 or 1 Output 9, mode 3 (Note 

4) 

57 Output 0 
60 Digits 0 or 1 Output 9, mode 4 (Note 

4) 

69 Output 0 
71, 72 Digits 00-54 Decimal row sum {total 

of all 1 'sin a particular 
row) 

IV. TB Cards 

The total of all 1 's in the individual columns of data 
established by the previous Coding Data Cards is stored 
.:m 54 TB cards. This allows a cross check of the data. 

Columns 

1,2 
3,4 

6 
9, 10 

TB CARD FORMAT 

TB 

Possible 
Characters 

Digits 00-54 

=or Blank 
Any value between 
between 00 and 
78 

Meaning 

TB card identification 
Particular column of data 
totalled 
Equals, nothing punched 
Total of all 1 's in that 
column 

Note 2: A pattern of .O's and 1's describes the input codes. A "2" indicates that neither the original nor the inverted array lines have 
transistors associated with them, while a "3" means both lines have' transistors associated with them. 
For example, if only 11 inputs are used, use a "2" in the remaining 2. This means only 11 of the 13 gates needs to be checked, thereby 
increasing yield. If less than 78 inputs are used, a "3'~ in one of the 13 inputs prevents the input from being used._ 
Note 3: A "1" indicates that the JSl signal will be generated by the word line. A "O" means .that IS1 is not generated. Used to block 
any unused decoded input out of the 78 total. 
Note 4: ''0" and "1" symbols for the output codes correspond to the logic levels defineP for the device outputs. 
Note 5: If cards were punched on a keypunch machine with character sets other than IBM ¢>29 type, a "BLANK" should be used 
rather than an "=". 
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typical performance characteristics 

~ 
.;; 
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Delay Capacitor Values 

0.01 .-..-..--.---...---.--.-ic-.-..-1 /! ...... 
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timing diagram 
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Keyboard Encoder Circuits 

MM54C922/MM74C922 16 key encoder 
MM54C923/MM74C923 20 key encoder 

general description 

These CMOS key encoders provide all the necessary 
logic to fully encode an array of SPST switches. The 
keyboard scan can be implemented by either an external 
clock or external capacitor. These encoders also have on
chip pull-up devices which permit switches with up to 
50 kQ on resistance to be used. No diodes in the switch 
array are needed to eliminate ghost switches. The 
internal debounce circuit needs only a single external 
capacitor and can be defeated by omitting the capacitor. 
A Data Available output goes to a high level when a 
valid keyboard entry has been made. The Data Available 
output returns to a low level when the entered key is 
released, even if another key is depressed. The Data 
Available will return high to indicate acceptance of the 
new key after a normal de bounce period; th is two key 
roll over is provided between any two switches. 

An internal register remembers the last key pressed 
even after the key is released. The TRI-STATE® outputs 

connection diagrams 

AOWY1 

ROWY2 

ROWY3 

ROW Y4 

OSCILLATOR 

KEYBOUNCE MASK 

COLUMN X4 

COLUMN XJ 

GND 

Dual-In-Line Package 

TOP VIEW 

18 
Vee 

17 DATA OUT A 

16 DATA OUTS 

TS DATA OUT C 

14 DATA OUT 0 

13 OUTPOF ENABLE 

ll DATA AVAILABLE 

Tl COLUMN Xl 

TO COLUMN X2 

Order Number MM54C922N 
or MM74C922N 
See Package 20 
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provide for easy expansion and bus operation and are 
LPTTL compatible. 

features 

• 50 kfl maximum switch on resistance 

• On or off chip clock 

• On chip row pull-up devices 

• 2 key roll-over 

• Keybounce elimination with single capacitor 

• Last key register at outputs 

• TRI-STATE outputs LPTTL compatible 

• Wide supply range 3V to 15V 

• Low power consumption 

Dual-In-Line Package 

AOWY1 20 Vee 

ROW V2 19 DATA OUT A 

AOWY3 1S DATA OUT B 

ROWY4 17 DATA OUT C 

ROWY5 16 OATAOUTll 

OSCILLATOR 15 OATAOUTE 

KEYBOUNCE MASK 14 OUTPUT ENABLE 

COLUMN X4 
13 

DATA AVAILABLE 

COLUMN XJ 
12 

COLUMN XT 

GND 10 11 
COLUMN X2 

TOP VIEW 

Order Number MM54C923N 
or MM74C923N 
See Package 20A 



absolute maximum ratings 
Voltage at Any Pin Vee - o.3v to Vee+ o.3V Package 0 issipati6n 500mW 
Operating Temperature Range Operating V CC Range 3V to 15V 

MM54C922, MM54C923 -55°C to +125°C Vee 18V 
MM74C922, MM74C923 -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range -£5°C to· +150°C 

de electrical characteristics Min/max limits apply across temperature range unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VT+ Positive-Going Threshold Voltage at Vee= 5V, l1N;::o.7mA 3 3.6 4.3 v 

Osc and KBM Inputs vcc= 1ov. l1N;:: 1.4 mA 6 6.8 8.6 v 

Vee= 1sv, l1N;::2.1 mA 9 10 12.9 v 

VT- Negative-Going Threshold Voltage at Vee= 5V, l1N;::D.7mA 0.7 1.4 2 v 

Osc and KBM Inputs Vee= 1ov. l1N;::1.4mA 1.4 3.2 4 v 

Vcc=15V, l1N;::2.1 mA 2.1 5 6 v 

V1N(l) Logical "1" Input Voltage, Except Vee= 5V, 3.5 4.5 v 
Osc and KBM Inputs Vee= lOV, 8 9 v 

vcc = 1sv. 12.5 13.5 v 

V1N(O) Logical "O" Input Voltage, Except vcc = sv, 0.5 1.5 v 
Osc and KBM Inputs Vee= 10v. 1 2 v 

Vee= 15v. 1.5 2.5 v 

lrp Row Pull-Up Current at Y1, Y2, Y3, Vee= sv. VIN= 0.1 Vee -2 -5 µA 
Y 4 and Y5 Inputs Vee= 10v -10 -20 µA 

vcc = 15v -22 -45 µA 

VouT(1) Logical "1" Output Voltage Vee= 5v. lo= -10µA 4.5 v 

Vee= lOV, _10 = -1oµA 9 v 

vcc=15V, lo=-10µA 13.5 v 

VoLJT(Oi Logical "O" Output Voltage Vee= 5V, lo= 10µA 0.5 v 

Vee= lOV, lo= lOµA 1 v 

Vee= 1sv. lo= lOµA 1.5 v 

Ron Column "ON" Resistance at Vee= 5V, Vo= 0.5V 500 1400 n 
X 1, X2, X3 and X4 Outputs - Vey= 10V, Vo= lV 300 700 n 

Vee= 15V, Vo=1.5V 200 500 n 
ice Supply Current Vee= 5V, Osc at OV 0.55. 1.1 mA 

Vee= 10v 1.1 1.9 mA 

Vee= 15v 1.7 2.6 mA 

ilN(1) Logical "1" Input Current at Vee= 15V, V1N = 15V 0.005 1.0 µA 
Output Enable 

llN(O) Logical "O" Input Current at Vee= 15V. v 1N =av -1.0 -0.005 µA 

Output Enable 

CMQS/LPTTL INTERFACE 

V1N(1) Logical "1" Input Voltage, Except 54C, Vee= 4.5V Vcc-1.5 v 

Osc and KBM Inputs 74C, Vee= 4.75V Vcc-1.5 v 

V1N(O) Logical "O" Input Voltage, Except 54C, Vee= 4.5V 0.8 v 

Osc and KBM Inputs 74C, V CC = 4. 75V 0.8 v 

VoLJT(l) Logical "1" Output Voltage 54C, V CC = 4.5V, 2.4 v 

lo= -360µA 

74C, Vee= 4.75V. 2.4 v 

lo= -360µA 

VouT(OI Logical "O" Output Voltage 54C, Vee= 4.5V, 0.4 v 

lo= -360µA 

74C, Vee= 4.75V, 0.4 v 

lo= -360µA 
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de electrical characteristics (con't) 

PARAMETER I CONDITIONS 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

I sou RCE Output Source Current (P-Channel) Vee= 5V, VouT = OV, 
TA= 25°C 

ISOURCE Output Source Current (P-Channel) Vee= 10v, VouT= ov, 

TA= 25°C 

ISINK Output Sink Current (N-Channe)) Vee= 5V, vouT =Vee. 

TA= 25°C 

ISINK Output Sink Current IN-Channel) Vee= 10v, VouT =Vee. 

TA= 25°C 

MIN TYP MAX UNITS 

-1.75 -3.3 mA 

-8 -15 mA 

1.75 3.6 mA 

8 16 mA 

CJ ac electrical characteristics TA= 2s0 c 
it 
:ii! 
:ii! 
....... 
N 
N en 
CJ 
'd' 
in 
:ii! 
:ii! 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdQ,1pd1 Propagation Delay Time to CL= 50 pF, (Figure 1) 

Logical "O" or Logical "1" Vee= 5V 60 150 ns 

from D.A. Vee= 1ov 35 80 ns 

vcc = 15v 25 60 ns 

toH,tJH Propagation Delay Time from RL = 10k, CL= 5 pF, (Figure 2) 

Logical "O" or Logical "1" Vee= 5V RL = 10k 80 200 ns 

into High Impedance State Vee= 10V CL= 10 pF 65 150 ns 

Vee= 15v 50 110 -ns 

tHQ,tH1 Propagation Delay Time from RL = 10k, CL= 50 pF, (Figure 2) 

High Impedance State to a vcc = 5V RL = 10k 100 250 i:is 

Logical "O" or Logical "1" Vee= 10V CL= 50 pF 55 125 ns 

vcc = 15v 40 90 ns -
C1N Input Capacitance Any Input, (Note 2) 5 7.5 pF 

CouT TR I-ST A TE Output Capacitance Any Output, (Note 2) 10 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should l;Je operated at these limits. The table· of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

switching time waveforms 
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block diagram 
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typical performance characteristics (con't) 

Typical FscAN vs Cose 

g 
" 
~ 

10k 

1k 

100 

10 
0.01 0.1 

typical applications 

.I 

J1 

case lµFI 

10 

Typical Debounce Period 
vsCKBM 

0.001 L--'--'-'-"=~-'-W.U. 

0.1 10 100 

Synchronous Handshake (MM74C922) Synchronous Data Entry Onto Bus (MM74C922) 

MM74C922 

X4 KBM 

c 
T 

*10C 

DA 

DATA AVAILABLE 
llNVITATION) 

Outputs are enabled when valid entry is made and 
go into TRI-STATE when key is released. 

Asynchronous Data Entry Onto Bus (MM74C922) 

10C 

MM74C922 * KBM 

1----- TO DATA BUS 

DA!---... - DATA AVAILABLE 

F E 

1/6 74C04 

Outputs are in TR I-STATE until key is pressed, then data is placed on bus. 
When key is released, outputs return to TR I-STATE. 

Note 3: The keyboard may be synchronously Scanned by omitting the capacitor at osc. and driving osc. directly if the system clock 
rate is lower than 10 kHz. 
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Keyboard Encoder Circuits 

MICROPROCESSOR MATES WITH MOS/LSI KEYBOARD ENCODER 

ABSTRACT 

This application note is intended to show how to 
interface a keyboard to the IMP-16 microprocessor for 
the purpose of text editing_ An example which includes 
suggested hardwar.e and software is presented to illus
trate data inputting from the keyboard to the micro
processor. This example can be used either with the 
IMP-16 chip set or with the IMP-16C/200 or IMP-16C/ 
300 card. 

INTRODUCTION 

The MM5740 keyboard encoder interfaced to an IMP-16C 
card microprocessor provides a very cost-effective means 
of data entry that takes full advantage of the benefits of 
MOS/LSI technology_ The MM5740 is a complete 
keyboard interface system capable of providing quad 
mode* 90 key keyboard encoding in a single integrated 
circuit. This chip detects a key switch· closure and 
translates it into a coded output while providing all of 
the necessary functions for modern keyboard system 
design. Data and control outputs are directly com
patible with the TTL logic inputs on the IMP,16C. 
Characters are read from the keyboard into the read/ 
write memory on the I MP· 16C card by means of a 
program contained in PROM's on the card or in external 
memory. The <;haracters may be reformatted, edited, 
converted to binary and processed, transferred to a 
floppy disk or cassette for more permanent recording, 
or transmitted to a central computer facility. Typical ap
plications include text editing typewriters, alphanumeric 
CRT display controllers, remote terminal controllers, 
data entry and recording systems, operators console in 
man-.machine interactive systems, supervisory or process 
control systems. Further application information ·is 
contained in AN-80 MOS Keyboard Encoding and 
AN-124 IMP-16 Peripheral Interfacing Simplified. Figure 
1 is a functional diagram of a keyboard/IMP-16C inter
face using the LSI keyboard encoder. 

90 KEV 
KEYBOARD 

INTERFACE CONSIDERATIONS 

The Keyboard 

Connecting a physical keyboard to the MM5740 will be 
covered briefly in the following discussion. ·A more 
comprehensive treatment is .detailed in AN-80, pgs 3 · 4. 
For this discussion, reference should be made to Figure 2 
which details the pin connections. 

The matrix drive (X1 -X9 ) and sense (Y 1 -Y10 ) lines 
are normally connected to each other via the switch 
matrix. These lines detect contact closure and sense the 
key that was depressed. The corresponding character is 
obtained from a read only memory in the MM5740 
which has been mask programmed for the desired code. 
Nine bits are available for each character. Bits 0 to 7 
are generally information bits while bits 8 and 9 may be 
used for parity or special character control. When a valid 
key is entered the corresponding 9-bit character is stored 
internally in latches within the MM5740. After a delay 
of one bit time (one clock period) the data strobe 
(pin 13) signal will go high, indicating that data is ready 
and stored in the output latches. This signal alerts the 
IMP-16C that the character may now be taken. The 
function of the data strobe control input (pin 14) is to 
control the resetting of the data strobe once it has been 
activated. The output enable (pin 15) serves as the 
TRI-STATE® control for the code data output lines 
(81 to B9 ) and is used to control the resetting of the 
data strobe output. 

To minimize response time, the MM5740 is operated in 
the pulse data strobe mode. The output enable is tied 
to groLJnd so that the outputs are alvvays enabled. The 
data strobe is tied directly tb the data strobe control. 
With this connection, a pulse which is one bit time wide 
will appear on the data strobe line to indicate available 
data is present. With a 200 kHz clock, one bit time 
translates into. a 5 µs data strobe pulse. 

TIMING & 
CONT AOL 

SW 
LINES 

IMP-16C 

FIGURE 1. ·Functional Diagram 

*Quad mode means the four basic keyboard modes which are; UNSHIFT, SHIFT, CONTROL, SHIFT CONTROL. 
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Note 1: MM5740AAE denotes inve1ted ASCII code, even parity, 
andN•eyro11over. 
Note2: Clockfrequency=200 kH2. 

Note 3: Scan period .e450µs. 
Note 4: Key bounte mask time 4 ms. 
Note 5: Data strobe= Sµs pulse. 

MMS740AAE 

RPT 

16 21 

SHIFT 

500pF 

DATA OUTPUTS 
(9-BIT CHARACTER) 

TYPICAL KEY 
SWITCH WITH 

DIODE 

12k 

18k 

-llV 

FIGURE 2. MM5740 Pin Connections 

In the following sample interface design the MM5740 
chip and several discrete components are mounted. on 
a communications keyboard. A cable from the 40 
pin connector on the keyboard to an 8 1 /2" x 11" 
interface board provides the physical communications 
I ink to the processor. The interface board has space 
available for components to implement a cassette and 
CRT interface for text editing applications. Pages of text 
could be stored as cassette records, called up by the 
keyboard and displayed on the CRT. Appropriate key
board commands could be programmed to edit the page. 
Lines could be inserted, deleted, copied or moved as 
required. The finished page could be restored on the 
cassette. Figure 3 is a schematic diagram of the key
board interface logic board. 

MM5740-IMP-16C INTERFACE 

Three instructions are necessary for the IMP-16C to 
detect that a character is ready for input and to obtain 
that character. These instructions are given below: 

LI 3, X '80 

BOC 13,. +O 

RIN 0 

;DEVICE ADDRESS IN AC3 

;WAIT FOR CHARACTER READY 

;INPUT CHARACTER INTO ACO 

The first instruction sets the peripheral device address of 
the keybaord (X'80) into accumulator 3 (AC3). This is 
necessary for proper execution of the RIN instruction 
(AC3 is added to the sign extended displacement field of 
the RIN instruction and sent to the peripheral over the 
ADX lines). The address was chosen so as not to be in 
conflict with any of the IMP~16P peripherals. 

The BOC instruction is essentially a test for keyboard 
character ready. The data strobe output (DSO) from the 
keyboard (cable connector pin 12) is stored in a set-reset 
latch built from cross coupled NANO gates (see Figure 3). 
This is because the DSO pulse width is one clock period 
or 5.0µs and the processor might not detect DSO in the 
required time. Refer to Figure 4 for IMP-16C/MM5740 
timing. The complement output of the latch (Q) is 
connected to jump condition 13 (JC13). The BOC 
instruction tests for JC13 and branches to the PC relative 
address specified in the displacement field if the condi
tion is true. Normally JC13 is true; when a key is 
pressed C>SO goes high which forces Q low. The jump 
condition will then be false and the next instruction 
executed. This next instruction is a RIN 0 which takes 
the character from the keyboard encoder ( 81 to B8 ) 

into ACO. Thus, this program is in a one-word BOC 
loop until a key is pressed. 
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Execution of the RIN instruction causes: 

1. The peripheral device address and order code to be 
placed on the ADX lines at T4 of microcycle 6 (see 
Figure 1-3, /MP-16C Application Manual Supplement 
1, pg. 1 - 3. There are eight timing pulses, T1 to T8, 
each rnicrocycle. The RIN instruction requires 7 of 
these rnicrocycles). 

)----.......:"~a o~r2 
)----.......:'':;,i C DECODER 

DM1474 

KIDIDJ 3 

04 

RD Pl 

... 

2. The RDP (Read Peripheral) flag to be pulsed at T2 
of microcycle 7. This is used as a peripheral input 
gating signal. 

The peripheral address and order codes on the ADX 
lines are set into TTL latches on the IMP-16C during 
RIN rnicrocycle 6; The ADX lines are sent to all 
peripherals, but only the one whose .address is specified 

L._~._J ____ _, CLk 

CLR t-----t., f :i. .. . r~ ... 
C2 

50DpF 

.. 
Uk 

•• 
~··r 

DM9602 
ONE 

SHOT 

.. 
"' 

11 

12 

DM9602 
ONE 

SHOT 

CLOCK 

D- CABLE CONNECTOR 
(TO KEYBOARD) 

FIGURE 3. Text Editing Keyboard (TEK) h1terface Logic for IMP-16C 

CLOCK 

DETUl 
SWITCH 

CLOSURE 

CHARACTER 
STORED 

KEV-BOUNCE MASK Tlr.tE 
(OETERUIKATED BY EXTERNAL Cl 

PULSE [l·:~ru~ ____ _, 
STROBE 

MODE v-\ DATA 

STROBE --------.1 . ~-----

JC13 

1Mf.18C 
SIGNALS RDPL -----------------' 

ENBl* 

ft.o'"5JJ;.is 
ltilll'l."'1.4µ$ 
tENIL •-,, 1,4µ$ 

FIGURE 4. MM5740/IMP-C Timing Diagram 
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will respond. A BCD to binary decoder (DM7442) is 
used to select ofle of eight possible order codes. This 
provides modular expansion capability if new peripherals 
(keyboards, CRT's, cassettes, printers) are added to the 
keyboard microprocessor system. The RDP signal is 
latched (RDPL) on the interface to guarantee that it will 
be valid at T7 of RIN microcycle 7, when data is taken 
by the processor. At this time the address and order 
code is valid and the ENBL signal goes low. This signal 
enables the TRI-STATE buffers {DM8096, DM8098) 
which complement the inverted ASCII keyboard data 
(B1 to B8 ) and place it on the SW bus to the processor. 
The data is taken by the processor at T7 and transferred 
into ACO bits 0 to 7. At this point, one character has 
been obtained by the processor_ The ENBL signal is also 
used to reset the data strobe latch which makes 0 high 
and JC 13 true. This reconditions the I MP-16C to be 
ready for the next character. 

The MM5740's clock input (CLK) is provided by a dual 
one shot (OM9602) connected as an oscillator. A 200 
kHz square wave is generated using the logic shown 
in Figure3. 

THE PROGRAM 

In addition to the three instructions given, a control 
program is necessary to pack, store and count characters 

READL: 

INITIALIZE 
WORD COUNT 

FOfl 72 CHARACTERS 

Note1: ACZetmtainsbufleraddresspointer. 

NO 

and insert line delimeters-carriage return (CR) and line 
feed (LF). A flow chart and coding for the program are 
given in Figures 5 and 6. 

A line of text is terminated by a CR or when 72 
characters have been entered. The CR-LF is inserted 
and an address pointer is incremented to designate the 
start of the next line. At this point, the user may 
request that the last I ine or entire message be typed on 
the teletype using the MESG routine in the TTY 16P 
PROM. Editing functions such as insert, delete, replace, 
copy, or move lines could be provided if the information 
was to be output to a CRT, cassette or floppy disc. 
Although the keyboard encoder (MM5740) used was 
mask programmed for inverted ASCII code with even 
parity, any code could be used. 

CONCLUSION 

The example below demonstrates a keyboard/micro
processor interface taking full advantage of the benefits 
of LSI technology-small size, increased reliability, fewer 
interconnections and much more functional capability 
per unit cost. These advantages may be exploited in a 
.wide range of m.an-machine or operator interaction 
systems, 

INCREMENT BUFFER 
ADDRESS POINTER 

INAC2 

LF-NUL--. ACD 

CR= Carriage return 

LF = li!lefeed 

NUL" Null character 

Note Z: JC13 false indicates data itrobe has been latched a11d character may be read via RIN 0 instructiud. 

FIGURE 5. Flowchart of Subroutine (READL) that Reads One Line from the Keyboard 
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i 
2 c1m:113 
::; 13700 
4 
5 0700 89i4 A 
6 070i ti91X: A 
7 137i;::12 29i4 A 

9 
:Hc1 [17[13: 0000 A 
:1:1 0704 :t::rJ5 A 
::L:2 1]7(15 :1-402 A 
i:3 
:1.4 0706 4A\":1i A 
15 0707 2iF9 fl 
:16 
:17 0·10:::: :~.::soc A 
:t:::: l:'.:1709 A5~?14 .A 

19 
20 
2:1 070A 4AOi A 
22 0708 4COO A 
L·:: 070C A;:oo A 
24 
25 [17~'.:l[:t 2[1[1:::: fl 
26 13·?r2IF 
2·7 \::f?(IF 2:1.Ft A 

29 
:::;:c1 ff? LL 
:::t 07:1:1. OOFF A 
::2 C17L! oo:;:::c• A 

(J?i:3: ODOR A 
JA (17:1-4 0AOi<:1 A 
:I5 (17:1-5 :tC1(IO A 
J:6 \'17:t6 7EC::;· I°! 

]::3 

40 
4i 
42 07:1 c' 4C:;'.:4 fi 
4:: 1::17:t:=.:: i=t:tF.c' A 
44 07:1-9 4F:::;:o f~ 

45 07:1A :tOFF A 
46 1~17'.LE: 1::14(30 A 
4 7 07:1.C 6:1F4 A 
4:::;: \'37:10 F:1F4 A 
49 07:1.E 2100 A 
50 071F 5C:~J:::: A 
5:1 07:;'.:0 J::t:::::l. A 
52 13721 :tDFF A 
53: 07:22 i.:;J40~:::1 A 
54 [1723: 6:1ED A 

55 0724 34..::10 A 
56 ~1725 A20(1 A 
57 (1726 61EA A 
58 J.]727 °F:1Efl R 
59 (17;2:'.::: ;2:10E; A 
6fo) 13729 4A12i:t A 
6:1 07:;:i=t 7DE5 A 
62 (172B ;2:1EE A 
63 
64 

. TITLE TEK 
A SECT 

. =>,:···700 

·' MA IN PF.'.OGRAM 
TEK: LD 2,STADDR 
GO. ST 2,MADRES 

·' INITIALIZE MESG ADDR 

JSR READL ;READ i LINE & STORE 
PUT :1 IN AC0 FOR TTY LINE.0 TO CONTINUE READING, 
2 TO OUTPUT ALL LINES ON TTY 

HALT 
BOC :: .. OUTL 
BOC 4.0UTM 

;ENTER 0/:1/2 IN AC0 
;BIT0 AC0=:1 OUT LINE 
;BIT:i AC0=:1 OUT MESAG 

CONTINUE ENTERING NEXT LINE 8'T' DEFAULT 
A I :::;z :2 .. :1 
.JMP GO 

OUTPUT ENTIRE MESSAGE 
OUTM LD i.STADDR 

ST 1,MADRES 

ON· TT'T' 

; INCR ADDRESS PTR 
·' COtHINUE 

;SETUP MESG STARTING 
ADDF.:ESS 

·' Et-HEP 0 AS LAST /•./OPD FOF.'. MESG ROUTINE IN TTY16P 
OUTPUT LINE OR MESSAGE 

OUTL AISZ 2,i ·' I NC:F.'. AC:•DRESS 
LI 0, 13 
'.:;T [1 .• ( 2 > 

OUTP~r ON TTY USING MESG SR IN TTY16P PROM 
JSR @MESG ;OUTPUT ON TTY 

MADF.:ES: =. +1 
.JMP 

DATA AF.'.EA 

GO 
;MESSAGE ADDRESS 
.; READ NE>'.T LI NE 

WDCNT =. +1 ;WORD COUNT FOR KBD 
H00FF: . WORD X'00FF ;MASK RT WD 
CF.'. . . l·.IORD >,: ··· 1308D ·' C:F.'. l·J PAF.: I T'T' 8 IT 
CPLF: . WORD X'0D0A ; 'CR-LF' 
LFNULL WORD X'0A00 ; 'LF-NUL' 
STAODR: . l·JOF.'.D >,:·'im30 ·'ST ADDRESS OF MESG 
MESG: WORD X'7EC3 ;MESG SR ADDR TTY16P 

READ 1 LINE FROM KEYBOARD & STORE IN 36 WD.~UFFER 
STARTING BUFFER ADDRESS IN AC2 
CHARS ARE READ.PACKED & STORED 
CR IS TEF.'.MIMAING CHAR CR LF AT END OF LINE 
~:13 FOR DATA STROBE OUTPUT WHEN KEY IS PRESSED 

f?EADL : LI 1:3 .. 3:6 ·' WJF.:D COUNT 
ST o .. l•./Dct-IT 
L I J: .. >': ·· ::=:o 

F.:C:•l..i.JOP : BOC :t3: ... +O 
RIN (1 

AND (1. HCK1FF 
'.':.KNE ~3 .. C:F.'. 
JMP CR ODD 
SHL 
RCP'T' 
BOC 
F.:IN 
At-JD 

!':ADD 
ST 
AND 
SKNE 
JMP 
AISZ 
DSZ 
.JMP 

(1 .. ::: 

~~1 .• 1 
i3 ... +O 
[1 

~3. H~c10FF 

::L 0 
0 .. (2) 
(1 .• H00FF 
~:::i .• CR 
CREVEN 
2, :1 
l•lDCtH 
l<'.DLOOP 

ENTER CR-LF AS LAST WORD 

FIGURE 6. Coding for Text Editing Keyboard (TEK) 
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·' DEi/ICE ADDRESS 
·' l•JA IT FOR l)ATA STROBE 
·'READ :1 CHAR INTO AC0 
; MASK OUT LEFT B'T'TE 
; IS IT A .. "CR·' 

;MOVE TO LEFT BYTE 

; WA IT FOF.: DATA STROBE 
.; READ 1 CHAR INTO AC0 
; MASK OUT LEFT BYTE 

; 2 PACKED CHARS 
·' STOPE IN BUFFER 
;WAS LAST CHAR A CR 

; I NC:F.'. AC>DF.: PO INTER 
·' DECR S, TEST WD COUNT 

)> 
z 
.!.. 
N 
00 



co 
N ... 

I 

z 
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65 o7~~~c :::;·JE6 , .• , 
1Sf: 07:~:[« A::::oo f-1 
t:•{ ~'.~?:?F o:::-:ou Fi 
6:::~ 

69 o-?:?F •'1 f'HH. 1=i 
c'O· 07'·1~1 :'H.E:~ H 
~'·l i::'l7.~'.::L ~::·:lFE: J'i 

( .. :;. 

74 

r" r 

CF: 
CPF»iEN 
C:PL.F 
CPOE:•D 

H1::10FF 
l.Ft·.!IJl.L 
MFl[•F:E·:; 
ME:;c; 

ciun .. 
OUTM 
F:Dt...onp 

PFFIC•L 
STAN•P 

J.C10'21 
i?:i ··:-· ~:~ C~i 

1c17J2 

07:2F· 
07:1 .::: 
(1·?:?C 
1°1.!0:l 

CCI l 
171;:'l· I 
~7170F~-
Ct?·l.(~ 

O?'Of1 
l]('i;:):~; 

1°1('.LA 

17:171-7 
07:1. ':) 

H 
H 
1=i 
H 
A 
t-i 
l'i 

H 
~i 

H 
1::1 
A 

A 
Fl 

TEK 07CH'°l f1 
l•JC<CNT 07Hc1 A 
NO EF:POf;: L I NE:=:. 
SOURCE CK. ~ FlElA 

CF~·C1/)[1 

Er·nEP 
C. i~'. E 1·/ E ~·4 

0.- CPLF 
(i .. (2) 

PTS lJ 
LF-NUL AS LAST WOPD 
AI:=:;z 2 .. l 
i...[· 

JMP 
o .. LFtHJLL 
CF:OOD+1 

r·iE~::::::AGE E:UFFEF: 

;CR/LINE FEED CHARS 
;STORE IN BUFFER 

; INCR ADDRESS PTR 
;LINE FEED/NULL CHARS 

EHCH LIW:: cmn1:.in-.1·0:: 1-1 MA:0<H1UM ClF 72 PAU<ED CHARS 
Hl'·ff• A CF:-LF 

:<< 1.U0\3 
nm TEf· 

FIGURE 6. Coding for Text Editing Keyboard {TEK) (Continued) 
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Keyboard Encoder Circuits 

MOS ENCODER PLUS PROM YIELD QUICK TURNAROUND 
KEYBOARD SYSTEMS* 

INTRODUCTION 

Most modern keyboard designs employ MOS/LSI key· 
board encoder IC's to implement all the necessary 
electronic functions. The key codes specified by the 
customer are programmed into a read only memory 
which is an inherent part of the encoder. Although some 
common encoder formats are available off the shelf, such 
as ASR33 teletype (MM5740AAE or MM5740AAF). 
there are many instances where variations of common 
formats are needed. Since these. formats are mask 
programmed into the keyboard encoder, there is a certain 
amount of lead time (approximately 12 weeks) before a 
customer receives his final circuit. 

By using a binary coded keyboard encoder in conjunction 
with a programmable read cinly memory, customers can 
build prototype keyboard systems or fill small volume 
orders in minimum time. T[lis approach keeps 
all the encoding electronics and timing the same as in 
the final system, so that a minimum of redesign is 
necessary to configure the actual final version. This is 
done when the keyboard encoder with the final mask 

I+-
KEY 

KEYBOARD BINARY SWITCH 
MATRIX ENCODER OUTPUTS 

r-+ 

programmed key codes is received. In addition, the 
usefulness of being able to reassign key codes quickly 
in the PROM makes system debugging and alteration 
an easy task. 

The basic configuration for this implementation is shown 
in the simplified block diagram of Figure 1. The key 
switches and all timing signals are configured in the 
normal manner. The keyboard encoder chip will emit 
binary codes for each valid keyswitch closure. These 
binary outputs are used as addresses for the PROM 
which is programmed with the desired actual code for 
each keyswitch. Each key closure is transformed first 
to an address by the encoder and then to the final code 
by the PROM. In this manner, a general design is 
possible, with the only variable being the contents of 
the PROM which is easily and quickly programmed. 
When changes are necessary, the PROM may be erased 
and reprogrammed quickly making it an easy task to 
finalize design alterations. 

ADO RESS 
INPUTS 
~)KEYCODE L__}--. OUTPUTS 

FIGURE 1. Simplified Block Diagram 

*REFERENCE: AN-80 MOS Keyboard Encoding by Dom Richiusa 
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KEYBOARD IMPLEMENTATION 

A typical implementation of this approach is shown in 
Figure 2. The encoder employs a dynamic scanning 
technique to identify key closures. Each keyswitch is 

defined by a particular X drive line and Y sense line of 
the encoder. In addition to the basic operation oftrans
lating a switch closure to a coded output, the MM5740 

~" -? :++ 
7 

JJk LM555 J I-

=r'·'LS-f 
~ 

12V ~ <-
~"" <• NO 

"'"i ~""' 
~ ,.. " 

17 15 ' 18 32 T,J.1,, ' J " 2J 

12 x, KBM OE VlL VGG v~ 

~ 11 X2 Bl AS 

10 ~ x, 82 A7 

g 
x. 

' 
BJtl----2! A6 

x, 
B4~A5 7 

" 
' x, BS~A4 
5 x, B5~A3 
4 x, MM574DAAC 

OR B6~A2 
22 Y10 MM574DAAO 

23 v, 87~A1 

24 Y2 
BS~AO 

25 v, 

za Y4 

27 Y5 

" v, 

" v, 

~ DS 

JO v, osc 
4 

31 Y9 sHrFTLK 20 
CLK RPT SHIFT CONTROL 

D'" 19 150 

1 lOHz ~i P.-, 
150 

~ 560k 1 s: I ~ 7 
R CONTROL 

I-' 
S SHIFT 

51i0k LM555 3 

¥ ! 7 •SV 

'I"'9 No1e1: N·key rollover-MM5740AAC 
Z·key roll~ver -MM574DAAD 

Note2: Clock frequency" 1110 ~Hz. 

Note]: Scancycte~9DOµ,. 

Note4: Repeatrijte = 1Dcharacten;persecond. 

Nute 5. Key bounce mask tune - 4 ms. 

Note 6: Data strube = 10µ~ pube. 

FIGURE 2. Typical Keyboard System 

10-28 

87 f!!-+ 
86 ~ 

B5 ~ 

.. fl!-+ KE 
MM!iW4 co 

83 f1!-+ OU 

B2 µ:.._ 

81~ 

" ~ 

DATA STROBE ---=u= 
SHIFT 
LOCK r--1 

•Sv---t--/ 

I _{OJ l 
r= ~ - L_ __ _J ~ 

- 12V 
40mA 

CMl-7371 

EN2ZZZ 

..___ 
-12V 

y 
OE 
TPUTS 

18k 



provides all the functions necessary for modern keyboard 
system design. This includes all the logic necessary for 
key validation, 2-key or N-key rollover, bounce masking, 
mode selection and strobe generation. Table I illustrates 
the relationship between keyswitch matrix position, key 
mode and the binary coded outputs of the MM5740 AAC 
or AAD encoder. The AAC version provides for N-key 
rollover while the AAD is a 2-key rollover encoder. 
Since there are nine X lines, ten Y lines and four modes, 
360 nine-bit codes are possible. 

In the general application using 90 four mode keys, a 4k 
PROM (MM5204) should be used. If less than 64 four
mode keys are all that is required, a 2k PROM (MM5203) 
may be substituted. In this case, the most significant 
bit (B 1) from the encoder is dropped and Table I 
addresses would go from 0-255. When progrnmming 

the PROM, it should be noted that the MM5740 uses 
a bit paired coding system. Any particular key will have 
5 common bits (B1, B2, B3, B4, B9) and 4 variable 
bits (B5, B6, B7, BB) which may change when going 
from one mode to another. In addition, encoder coding 
is specified in terms of negative logic so that it may be 
necessary to complement positive logic PROM contents 
when ordering encoder masks. 

By careful PC board layout, the encoder/PROM proto
typing system can utilize the same PC board as the final 
system with the PROM removed. This can be accom
plished by arranging the traces so that it is possible to 
provide jumpers from the encoder outputs to the PROM 
outputs. Utilizing this approach allows for a minimum 
of tooling, parts counts and quick turnaround time for 
new designs. 

TABLE I. Encoder/PROM Mapping 

KEV POSITION ADDRESSES KEY CODE OUTPUTS 

MODE (ENCODER OUTPUT) (PROM CONTENTS) 

x v B1 B2 B3 B4 B9 B5 B6 87 BB B7 86 B5 B4 B3 B2 81 BO 

1 1 Unshift 0 0 0 0 0 0 0 0 0 

1 1 Shift 0 0 0 0 0 0 0 0 1 

1 1 Control 0 0 0 0 0 0 0 1 0 

1 1 Shift Control 0 0 0 0 0 0 0 1 1 

1 2 Unshift 0 0 0 0 0 0 1 0 0 

1 2 Shift 0 0 0 0 0 0 1 0 1 
USER 

1 2 Control 0 0 0 0 0 0 1 1 0 
DEFINED 

1 2 Shift Control 0 0 0 0 0 0 1 1 1 
KEY 

CODES 

9 10 Unshift 1 0 1 1 0 0 1 0 0 

9 10. Shift 1 0 1 1 0 0 1 0 1 

9 10 Control 1 0 1 1 0 0 1 1 0 

9 10 Shift Control 1 0 1 1 0 0 1 1 1 

*Encoder ourputs are listed in positive true logic _notation. 
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ADDRESS Bl B2 B3 B4 B9 BS 

1 1 1 1 1 1 1 1 
1 2 1 1 1 1 1 1 ., 

3 1 1 1 1 1 0 
1 • 1 1 1 1 1 0 
1 5 1 1 1 1 0 1 
1 6 1 1 1 1 0 1 
1 1 1 1 1 1 0 0 
1 8 1 1 1 1 0 0 
1 9 1 1 1 0 1 1 
1 10 1 1 1 0 1 1 
2 1 1 1 1 0 1 0 
2 2 1 1 1 0 1 0 
2 3 1 1 1 0 0 1 
2 4 1 1 1 0 0 1 
2 5 1 1 1 0 0 0 
2 6 1 1 1 0 0 0 
2 7 1 1 0 1 1 1 
2 8 1 1 0 1 1 1 
2 9 1 1 0 1 1 0 
2 10 1 1 0 1 1 0 
3 1 1 1 0 1 0 1 
3 2 1 1 0 1 0 1 
3 3 1 1 0 1 0 ·o 
3 4 1 1 0 1 0 0 
3 5 1 1 0 0 1 1 
3 6 1 1 0 0 1 1 
3 1 1 1 0 0 1 0 
3 B 1 1 0 0 1 0 
3 9 1 1 0 0 0 1 
3 10 1 1 0 0 0 1 
4 1 1 1 0 0 0 0 
4 2 1 1 0 0 0 0 
4 3 1 0 1 1 1 1 
4 4 1 0 1 1 1 1 
4 5 1 0 1 1 1 0 
4 6 1 0 1 1 1 0 
4 1 1 0 1 1 0 1 
4 B 1 0 1 ,. 

0 1 
4 9 1 0 1 1 0 0 
4 10 1 0 1 1 0 0 
5 1 1 0 1 0 1 1 
,s 2 1 0 1 0 1 1 
5 3 1 0 1 0 1 0 
5 4 1 0 1 0 1 0 
5 5 1 0 1 0 0 1 
5 6 1 0 1 0 0 1 
5 7 1 0 1 0 0 0 
5 8 1 0 1 0 0 0 
5 9 1 0 0 1 1 1 
5 10 1 0 0 1 1 1 
6 1 1 0 0 1 1 0 
6 2 1 0 0 1 1 0 
6 3 1 0 0 1 0 1 
6 4 1 0 0 1 0 1 
6 5 1 0 0 1 0 0 
6 6 1 0 0 1 0 0 
6 7 1 0 0 0 1 1 
6 8 1 0 0 0 1 1 
6 9 1 0 0 0 1 0 
6 10 1 0 0 0 1 0 
1 1 1 0 0 0 0 1 
1 2 1 0 0 0 0 1 
1 3 1 0 0 0 0 0 
1 4 1 0 0 0 0 0 
1 5 0 1 1 1 1 1 
1 6 0 1 1 1 1 1 
1 1 0 1 1 1 1 0 
7 8 0 1 1 1 1 0 
1 9 0 1 1 1 0 1 
1 10 0 1 1 1 0 1 
8 1 0 1 1 1 0 0 
8 2 0 1 1 1 0 0 
8 3 0 1 1 0 1 1 
8 4 0 1 1 0 1 1 
8 5 0 1 1 0 1 0 
8 6 0 1 1 0 1 0 
8 7 0 1 1 0 0 1 
8 8 0 1 1 0 0 1 
8 9 0 1 1 0 0 0 
8 10 0 1 1 0 0 0 
9 1 0 1 0 1 1 1 
9 2 0 1 0 ,, 1 1 
9 3 0 1 0 1 1 0 
9 4 0 1 0 1 1 0 
9 5 0 1 0 1 0 1 
9 6 0 1 0 1 0 1 
9 7 0 1 0 1 0 0 
9 8 0 1 0 1 0 0 
9 9 0 1 0 0 1 1 
9 10 0 1 0 0 1 1 

*NEGATIVE LOGIC NOTATION "1""' -, "O" = + 

TABLE II. Truth Table 
MM5740/AAC or MM5740/AAD 

UNSHIFT SHIFT 

B6 B7 BB 
~· 

B6 87 B8 

1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 -, 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1· 1 1 1 ., 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 6 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 ·1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 0 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 .o 
0 1 1 1 0 1 ·o 
1 1 1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 l'. 0 
1 1 .1 0 1 1 0 
0 1 1 0 0 1 0 
1 1 1 1 1 1 0 
0 1 1 1 0 1 o· 
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85 B6 B7 B8 85 86 B7 BB 

1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 (j 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 

·1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 o· 1 0 0 0 0 
1 ' 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1. 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 

' 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 

·1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 '1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 Q 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 0 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 
0 1 0 1 0 1 a· 0 
0 0 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 
1 0 0 1 1 0 0 0 





Display Driver Selection Guide 

LED DRIVERS 

NO.OF DEVICE INPUT 
VouT iouT 

NO. OF INPUT RECOMMENDED 
MAX (mA} INVERTING COMMENTS 

DRIVERS TYPE COMPATIBILITY PINS CODE APPLICATION 
(VI SINK SOURCE 

LED SEGMENT DRIVERS 

4 058895 MOS 10. 17 16 No louT Internally Set 

DS75491 MOS 10 50 50 14 •inverting with Emitter Grounded 

0575493 MOS 10 30 16 No 

MM74C925 CMOS 6.5 40 16 Clock 4-Digit Counter/Driver with Multi-
plexed 7-Segment Output Drivers 
and 4-Digit Enable Drivers 

MM74C926 CMOS 6.5 40 18 Clock 4-Digit Counter/Driver with Multi-
plexed 7-Segment Output Drivers 
and 4-0igit Enable Drivers 

MM74C927 CMOS 6.5 40 18 Clock 4-Digit Counter/Driver with Multl-
plexed 7-Segment Output Drivers 
and 4-0igit Enable Drivers 

MM74C928 CMOS 6.5 40 18 Clock 4-Digit Counter/Driver with Multi-
p1exed 7-Segment Output Drivers 
and 4-Digit Enable Drivers 

5 DS8861 MOS 10 50 50 18 . *Inverting With Emitter Grounded 

7 MM74C48 CMOS 18 20 16 BCD 

CD4511 CMOS 18 20 16 BCD 4-8 it Storage 

"' 
DM7446A TTL 30 40 16 BCD 

DM7447A TTL 15 40 16 BCD 

DM7448 TTL 5.5 6 16 BCD Requires External.Transistor 

DM74LS47 TTL 15 24 16 BCD 

DM74LS48 TTL 5.5 6 16 BCD 
' D,M74LS49 TTL 5.5 8 14 BCD 

DM74LS247 TTL 15 24 16 BCD 

DM74LS248 TTL 5.5 6 16 BCD 

DM74LS249 TTL 5.5 8 16 BCD 

DS8659 CMOS 5 10 Dice Yes CMOS Watches 

058856 TTL 5.5 6 16 BCD Requires External Transistor 

DS8857 TTL 5.5 50 16 BCD louT Internally Set 

DS8858 TTL 5.5 50 16 BCD louT Externally Set 

8 DS8867 MOS 10 14 18 No 

9 058647 CMOS 5 10 Dice Yes CMOS Watches 

058648 CMOS 5 10 o·ice No CMOS Watches 

LED DIGIT DRIVERS 

4 DS8658 MOS 5 100 Dice Yes CMOS Watches 

6 DS8646 MOS 5 100 Dice Yes CMOS Watches 

DS8870 MOS 10 350 14 Yes DS75492 Pin-Out 

DS8877 MOS 10 50 14 Yes DS75492 Pin-Out 

DS8892 MOS 8.8 200 16 Yes DS75494 Pin-Out, Programmable 
Output Current 
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NO.OF DEVICE INPUT 
vouT touT NO. OF INPUT RECOMMENDED 
MAX lmA) INVERTING COMMENTS 

DRIVERS TYPE COMPATI Bl LITY 
SINK SOURCE 

PINS CODE APPLICATION 
IV) 

LED DIGIT DRIVERS !continued) 

6 0S75492 MOS 10 250 14 Yes 

OS75494 MOS 10 150 16 Yes Enable Control 

7 058977 MOS 8 40 18 Yes Cale. Display Driver 9V Low Battery Indicator 

8 OS8863 MOS 10 500 18 Yes OS8963 Pin-Out 

OS8871 MOS 8 40 18 Yes Cale. Display Driver 

058963 MOS 18 500 18 Yes OS8863 Pin-Out 

9 058872 MOS 8 40 22 Yes Cale. Display Driver 

OS8873 MOS 8 40 22 Yes Cale. Display Driver 9V Low Battery Indicator 

OS8874 MOS 10 50 14 Cale. Display Driver Serial Data Input 

OS8973 MOS ~ 10 100 22 Yes Cale. Display Driver 3-Cell Operatio"n-Low Battery 
Indicator 

DS8974 .MOS 10 100 22 Yes Cale. Display Driver 4-Ce!I Operation-Low Battery 
Indicator 

DS8975 MOS 10 100 22 Yes Cale. Displ;::iy Driver 

DS8976 MOS 10 100 22 Yes Cale. Display Driver 6-Cell Operation-Low Battery 
Indicator 

12 DS8868 MOS 9 110 18 4-Line Cale. Display Driver 3-Cell Operation--Low Battery 
Coded Indicator 

14 DS8664 MOS 10 80 24 BCD Low Battery Indicator-On.Circuit 
Oscillator 

DS8665 MOS 10 13 BCD On Circuit Oscillator 

DS8666 MOS 10 80 13 BCD Point of Sale 6 Sink Drivers, 8 Source Drivers 

GAS DISCHARGE AND VACUUM FLUORESCENT DISPLAY DRIVERS 

DEVICE DESCRIPTION APPLICATION 

DS8880 High Voltage 7-Segment Decoder/Driver Beckm8n and-Panaplex 11 Gas Discharge Displays 

DS8884A High Voitage 7-Segmenr Decoder/Driver !With Comma and Decimal Point) Beckman and Panaplex 11 Gas Discharge Displays 

DS8885 MOS to High Voltage Cathode Buf_fer MOS-to 7-Segment Gas Filled Displays-

DS8887 -8-bigit High Voltage Anode Driver _{Active High Inputs) 7-Segment Gas Discharge Panels (Multiplexed) 

DS8889 8-Segment High Voltage Cathode Driver High Voltage Gas Filled Display Tube {Constant Output Current) 

DS8897 8-0igit High Voltage Anode Driver (Active Low Inputs) 7-Segment Gas Ois_charge Panels (Multiplexed) 

DS8891 6-Digit High Voltage Anode Driver 7-Segment Gas Discharge Panels {Multiplexed) 

DM7441A BCD to Decimal Decoder-Nixie Driver Gas Filled Nixie Displays 

DS8881 16-0igit Vacuum Fluorescent Display Driver Vacuum Fluorescent Display Systems 

i 
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Interface Drivers 

CD4511BM/CD4511BC BCD-to-7 segment latch/decoder/driver 

general description 

The CD4511 BM/CD4511 BC BCD-to-7-segment latch/ 
decoder/driver is constructed with complementary MOS 
(CMOS) enhancement. mode devices and NPN bipolar 
output drivers in a single monolithic structure. The 
circuit provides the functions of .a 4-bit storage latch, 
an 8421 BCD-to-7-segment decoder, and an output 
drive capability. Lamp test (LT). blanking (Bl), and 
latch enable (LE) inputs are used to test the display, to 
turn "OFF" or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be 
used with 7-segment light emitting diodes (LED), incan
descent, fluorescent, gas discharge, or liquid crystal 
readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, 
etc.) display driver, computer/calculator display driver, 
cockpit display driver, and various clock, watch, and 
timer uses. 

connection diagram 
Dual-In-Line Package 

• ..!., u t!!-voo 
c-1, ._:.:., 

IT2' t2!- g 

- 4 .,....., ~a 

LE-1, ,_!!. b 

o-1, 11!-' . ..:., t1!-' 
Vss...!i ~. 

TOP VIEW 

Order Number CD4511 SMN or CD45118CN 
See Package 19 

Display 

In I 1,~'l:tl'-tlSlbl -, IB·l'-11 I 
I I 

a 1 2 3 4 5 6 1 8 9 

Segment Identification 

' ·L-:-J. 
·l d 1' 

features 

• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Low logic circuit power dissipation 

3.0V to 15V 

0.45 VoD typ 
fan out of 2 
driving 74L 

or 1 driving 74LS 

• High current sourcing outputs (up to 25 mA) 

• Latch storage of code 

• Blanking input 

• Lamp test provision 

• Readout blanking on all illegal input combinations 

• Lamp intensity modulation capability 

• Time share (multiplexing) facility 

• Equivalent to Motorola MC14511 

truth table 

INPUTS OUTPUTS 

LE Bl LT 0 c B A a b c d . f g DISPLAY 

x x D x x x x 1 1 1 1 1 1 1 a 
x 0 1 x x x x 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 

0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 

0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 

0 1 1 0 0 1 1 1 1 1 1 0 0 1 3 

0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 

0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 

0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 

0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 

0 1 1 1 0 0 0 1 1 1 1 1 1 1 a 
0 1 1 1 0 0 1 1 1 1 0 0 1 1 9 

0 1 1 1 0 1 0 0 0 0 0 0 0 0 

0 1 1 1 0 1 1 0 0 0 0 0 0 0 

0 1 1 1 1 0 0 0 0 0 a 0 0 0 

0 1 1 1 1 0 1 0 0 0 a a 0 0 

0 1 1 1 1 1 0 0 0 0 0 0 0 0 

0 1 1 1 1 1 1 0 0 0 a 0 0 0 

1 1 1 x x x x * * 
*Depends upon the BCD code applied during the 0 to 1 transition 
of LE. 
X = Don't care 
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absolute maximum ratings recommended operating conditions 
(Notes 1 and 2) (Note 2) 

Voo de Supply Voltage --0.5 to +18 Voe Voo de Supply Voltage 3to 15Voc 
V1N Input Voltage --0.5 to Voo + 0.5 Voe VJN Input Voltage o to Voo Voe 
Ts Storage Temperature Range -65°C to +150°C TA Operating Temperature Rar"\9e 
P'oPackage Dissipation 500mW CD4511BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04511BC --40° c to +85° G 

d c electrical characteristics GD45l1BM (Note 2) 

-55°C 2s0 c 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

loo Quiescent Device Current Voo = 5V 5 5 150 µA 

Voo = 1ov 10 10 300 µA 

Voo = 15v 20 20 600 µA 

Vol Low Level Output Voltage voo = 5V 0.05 0 0.05 0.05 v 

Voo = JOV 0.05 0 0.05 0.05 v 

Voo = 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo = 5V, IOH = 0 mA 4.1 4.1 4.57 4.1 v 

Voo = 5v, loH = 5 mA 4.24 v 

Voo = 5V, loH = 10mA 3.9 3.9 4.12 3.5 v 

Voo = 5V, loH=15mA 3.94 v 

Voo = 5V, loH = W_mA 3.4 3.4 3.75 3.0 v 

Voo = 5V, IOH = 25 mA 3.54 v 

Voo = 10V, IOH = 0 mA 9.1 9.1 9.58 9.1 v 

Voo = 10V, IOH = 5 mA 9.26 v 

Voo = 10V, loH = 10 mA 9.0 9.0 9.17 8.6 v 

Voo = 10V, IOH = 15 mA 9.04 v 

Voo = 10V, IOH = 20.mA 8.6 8.6 8.9 8.2 v 

Voo = 10V, IOH = 25 mA 8.75 v 

Voo = 15V, IOH = 0 mA 14.1 14.1 14.59 14.1 v 

Voo= 15V, IOH = 5 mA 14.27 v 

Voo = 15V, IOH = 10 mA 14.0 14.0 . 1418 13.6 v 

Voo = 15V, IOH = 15 mA 14.07 v 

Vbo = 15V, IOH = 20 mA 13.6 13:6 13.95 13.2 v 

Voo = 15V, IOH = 25 mA 13.8 v 

VIL Low Level Input Voltage Voo = sv, Vo= 0.5V or 3.8V (5 2.25 1.5 1.5 v 

Voo = 1ov, Vo= 1v or 8.8V 3.0 4.5 3.0 3.0 v 

Voo = 15V, Vo= 1.5V or 13.SV 4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo= 0.5V or 3.8V 3.5 3.5 2.75 3.5 v 

Voo = 10V, Vo= 1V or 8.8V 7.0 7.0 5.5 7.0 v 

Voo = 15V, Vo= 1.5V or 13.SV 11.0 11.0 8.25 11.0 v 

IOL Low Level Output Current Voo = sv. Vo= 0.4V 0.64 0.51 0.88 0.36 mA 

Voo = 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 mA 

Voo=15V,Vo=1.5V 4.2 3.4 8.8 2.4 mA 

l1N Input Current Voo = 15V, V1N =av -0.10 -10-5 ~0.10 -1.0 µA 

Voo = 15V, V1N = 15V 0.10 10-5 0.10 1.0 µA 

Note 1: "Absolute Maximum Ratings" are those values beYond which the safety of .the device ca.nnot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recom.mended Operating Conditions'' and "Electrical Characteristics" provides 
conditions for actual device operation. 
Note 2: Vss = OV unless otherwise specified. 
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de electrical characteristics CD4511 BC (Note 21 

---40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

loo Quiescent Device Current Voo=5V 20 20 150 µA 

v 00 = 1ov 40 40 300 µA 

Voo= 15V 80 80 600 µA 

VOL Low Level Output Voltage Voo=5V 0.05 0 0.05 0.05 v 

Voo = 10v 0.05 0 0.05 0.05 it 
Voo= 15V 0.05 0 0.05 0.05 v 

VoH High Level Output Voltage Voo=5V, loH =OmA 4.1 4.1 4.57 4.1 v 

Voo=5V, IQH =5mA 4.24 v 

Voo=5V, loH =.10mA 3.6 3.6 4.12 3.3 v 

voo = 5V, loH=15mA 3.94 v 

Voo = 5V, IQH = 20mA 2.8 2.8 3'75 2.5 v 

Voo =5V, IQH =25 mA 3.54 v 

Voo = 10V, IQH = 0 mA 9.1 9.1 9.58 9.1 v 

Voo = 10V, IQH = 5 mA 9.26 v 

Voo = 10V, IQH "'. 10 mA 8.75 8.75 9.17 8.45 v 

Voo = \OV, IQH = 15 mA 9.04 v 

Voo = 10V, IQH = 20 mA 8.1 8.1 8.9 7.8 v 

Voo = 10V, IQH = 25 mA 8.75 v 

Voo = 15V, IQH = 0 mA 14.1 14.1 14.59 14.1 v 
Voo = 15V, IQH = 5 mA 14.27 v 

Voo = 15V, IQH = 10 mA 13.75 .13.75 14.18 13.45 v 
Voo = 15V, IQH = 15 mA 14.07 v 

VOD = 15V, IQH = 20 mA 13.1 13.1 13.95 12.8 v 

Voo = 15V, IQH = 25 mA 13.8 v 

V1L Low Level Input Voltage Voo = 5V, Vo= 0.5V or 4.5V J.5 2,25 1.5 1.5 v 

Voo = 10V, Vo= 1v or 9V 3.0 4.5 3.0 3.0 v 
Voo = 1.5V. Vo= 1.5Vor 13.5V '"4.0 6.75 4.0 4.0 v 

V1H High Level Input Voltage Voo = 5V, Vo= 0.5V or 4.5V 3.5 3.5 2.75 3.5 v 
Voo = 1DV, Vo= 1V or 9V 7.0 7.0 5.5 7.0 v 
Voo = 15V, Vo= 1.5V or 13.5V 11.0 11.0 8.25 11.0 v 

IOL Low Level Output Current Voo = 5V, Vo= 0.4V 0.52 0.44 0.88 0.36 mA 

Voo= 10V, Vo=0.5V 1.3 1.1 2.75 0.9 mA 

Voo = 15V, Vo= 1.5V 3.6 3.0 8.8 2.4 mA 

llN Input Current Voo = 15V, V1N = ov -0.30 -10:-5 -0.3 -1.0 µA 

Voo = 15V, V1N = 15V 0.30 10-5 0.3 1.0 µA 



ac electrical characteristics TA= 25°C, CL= 50 pF, unless otherwise specified 

PARAMETER CONDITIONS 

tPHL or tPLH Propagation Delay to a "1" or "O" VDD = 5V 

on Segment Outputs From Data Inputs VDD = 1ov 

(Figure ta) VDD = 15v 

tPHL or tPLH Propagation Delay to a "O" on VDD = 5V 

Segment Outputs From Blank (Bi) VDD = 1ov 

(Figure Ta) voD = 15v 

tPHL or tPLH Propagation Delay to a "1" on VDD = 5V 

Segment Outputs From Lamp VDD = 1ov 

Test (LT) (Figure Ta) VDD = 15v 

tSET-UP Set-Up Time VDD = 5V 

(Figure Tb) vDD = 10v 

VDD = 15v 

tHOLD Hold Time VoD = 5V 

(Figure Tb) VoD = 1ov 

Voo = 15v 

PWLE Minimum Latch Enable Pulse Width VoD = 5V 

(Figure le) vDD = 1ov 

Voo = 15v 

tTHL Output Transition Time Voo = 5V 

(Figure la) Voo = 1ov 

voo = 15v 

tTLH Output Transition Time Voo = 5V 

(Figure ta) Voo = 10v 

VoD = 15v 

C1N Average Input Capacitance Any Input 

switching time waveforms 

(a) 

(b) 

(c) 

INPUT 

OUTPUT 

LE 

DATA INPUT 

LE 
(STnOBED) 

Voo 

ov 

VoH 

UV 

Voo 

ov 

ov 

Voo----...i 

FIGURE 1 
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MIN TYP 

550 

200 

160 

350 

140 

110 

450 

160 

130 

90 

38 

25 

-90 

-38 

-20 

260 

110 

65 

125 

75 

65 

35 

25 

20 

5 

trnL 

""' 

(") 

0 
~ 
<11 .... 

MAX UNITS .... 
tD 

1200 ns s: 
500 

....... 
ns (") 

350 ns c 
~ 

700 ns <11 .... 
280 ns .... 

tD 
220 ns (") 

900 ns 

320 ns 

260 ns 

180 ns 

76 ns 

40 ns 

0 ns 

0 ns 

0 ns 

520 ns 

220 ns 

130 ns 

250 ns 

150 ns 

130 ns 

80 ns 

60 ns 

50 ns 

7.5 pF 

• 



typical applications 

Light Emitting Diode (LED) Readout 

Voo Von 

COMMON 
CATHODE LED 

Incandescent Readout 

Voo 

'**A filament pre-warm resistor 
is recommended to reduce 
filament thermal shock and 
increase the effective cold 
resistance of the filament. 

Gas Discharge Readout 

Voo 

voo 

APPROPRIATE 
VOLTAGE 

COMMON 
ANODE LED 

Flourescent Readout 

Voo 

DIRECT 
(LOW BRIGHTNESS) 

Vss OR APPROPRIArE -=- VOLTAGEBELOWVss 

Liquid Crystal (LC) Readout 

Voo 

MM74C86 

EXCITATION 
(SQUARE WAVE, 

vssTD Von) 

Direct de drive of LC's not recommended for life of LC readouts. 

11-8 



Interface Drivers 

057664/0$8664 14-digit decoder/driver with low battery indicator 

general description 

The DS7664/DS8664 circuit is a 14-digit decoder/driver 
with an 80 mA sink capability. The circuit has current 
threshold inputs, and is designed to be driven by 
P-channel MOS. The enable input permits interdigit 
blanking of the decoded outputs. An open-collector 
output oscillator is provided for system timing· (two 
passive external components are required). A low
battery indicator is provided at the "C" input with a 
nominal trip point of3.25V at 25°C. 

logic and connection diagrams 

Vcc·o-.._-----------<1.._--1 

DIGIT 1 

DIGIT 2 

DIGIT 3 

DIGIT 4 

O\GlT 5 

":" 

5k 

features 

• Oscillator frequency accuracy allows maximum 
system speed 

• Inter-digit blanking with the enable input provides 
ghost-free display operation 

• Low-battery indicator accuracy provides consistent 
low-battery indication 

OSCILLATOR 
OUTPUT 

ENABLE 

Dual-In-Line Package 

ENABLE 

C1N 

B1N 

A1N 

D1N 

DIGIT 14 OUT 

DIGIT 13 OUT 

DIGIT 12 OUT 

DIGIT 11 OUT 

24 Vee 

23 R 

22 RC 

21 
OSC OUT 

20 
DIGIT 1 OUT 

19 DIGIT 2 OUT 

18 
DIGIT 3 OUT 

17 DIGIT40UT 

16 DIGIT 5 OUT 
DIGIT 6 

8-BIT DIGIT 7 
14WORO 

ROM DIGITS 

A OIGJT 9 

DIGIT 10 

DIGIT 11 

DIGIT 12 

-Q"'""' 
10 16 DIGIT 6 OUT OUTPUT DIGIT 10 OUT 

DIGIT 9 OUT 
11 14 DIGIT 7 OUT 

GND 
12 13 DIGITBOUT 

TOP VIEW 
OJGIT 13 

DIGIT 14 
Order Number DS7664N 

ONE TYPICAl OUTPUT SHOWN or DS8664N 
See Package 22 
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absolute maximum ratings (Note 1) operating conditions 
MIN MAX UNITS 

Supply Voltage 10V Supply Voltage (V eel 
Input Voltage ±10V DS8664 2.9 9.5 v 
Input Curr~nt ±1.5 mA DS7664 3.5 9.5 v 
Output Voltage 10V Temperature (T Al 
Storage Temperature Range -65°C to +150°C DS8664 0 +70 oc 
Lead Temperature (Soldering, 10 seconds) 300°C DS7664 -55 +125 oc 

electrical characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V1H Logical 'T' Input Voltage l IJN = 260µA 0.50 v 
Decoder Inputs 

Vee= Max, VENABLE= 4.9V 
l1N.= 1400µA 1.50 v 

V1H Enable Input Vee= Max, I ENABLE= 260µA, TA= 25°C 3.0 4.2 5.1 v 

l1H Logical "1" Input Current Vee= Max, VENABLE= 4.9V 260 µA 

Decoder Inputs 

l1H Enable Input Vee= Max 260 ;tA 

V1L Logical "O" Input Voltage Vee= Max, VENABLE= 4.9V, l A1N,B1N,DIN 0.30 v 
l1L = 25µA l e1N 0.50 v 

l1L Logical "O" Input Current Vee= Max, VENABLE= 4.9V 25 µA 

VoH C Input (Low-Battery Output) 
Vee= 3.1V, TA= 25°e 

l 11N = 300µA 4.9 7.3 v 
J 11N = 400µA 6.5 10.0 v 

VOL C Input (low-Battery Output) Vee= 3.4V, l1N = 1300µA, TA= 25°C 1.0 3.0 v 
IOH Logical "1" Output Current Vee= Max, VoH = 10.0V, VENABLE= 4.9V 50 µA 

Except Pin R VRC = 0.6V 

ios Output Short Circuit Current Vee= Max, VRc = 0.6V -0.15 -0.28 -0.45 mA 

Pin R Oniy 

VOL Logical "O" Output Voltage Vee= Min, loL = 80 mA, VENABLE= 4.9V 0.35 0.50 v 
Digit Outputs 

VOL(OSCI Oscillator Output Vee= Min, loL = 6 mA, VRC = 1.5V 0.20 0.50 v 

VQL Pin R Vee= Min, loL = 60µA, VRc = 1.5V 0.10 0.20 v 

ice Supply Current-Enabled Vee= Max, VENABLE= 4.9V 15.0 22.0 mA 

ice Supply Current-Disabled Vee= Max, VENABLE= 1.0V 6.0 10.0 mA 

tosc Oscillator Frequency RT= 35k ±2%, CT" 100 pF ±5%, Vee= Min to 4.5V 300 350 400 kHz 

RT= 33k ±2%, CT= 100 pF ±5%, Vee= 7.9V to Max 320 360 400 kHz 

D.C. Duty Cycle (tPwH/T) RT=, 35k .±2%, CT= 100 pF ±5%, Vee= Min to 4.5V 0.46 0.56 0.66 

RT= 33k ±2%, CT = 100 pF ±5%, Vee= 7.9V to Max 0.46 0.56 0.66 

switching ch a racteristics Vee= 4.0V, TA= 25°C unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

1pd 1 or tpdO Propagation Delay From A, B, C, D R1N = 8.2k, VENABLE JACK= 10V, 500 ns 

Inputs to Digit Outputs RL = 100Q, CL= 50 pF 

tpdO Propagation Delay to a Logical "O" R1N = 8.2k, RL = 100S1, CL= 50 pF 30 80 200 ns 

From Enable Input to Digit Outputs 

tpdl Propagation Delay to a Logical "1" R1N = 8.2k, RL = 100S1, CL= 50 pF 100 250 500 ns 

From Enable Input to Digit Outputs 

1-8 

Note 1: "Absolute Ma>eimum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the device.s should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits a_pply across the -55°C to +125°C temperature range for the DS7664·and across the 0°C to 
+70°C range for the DS8664; all typical values are given for Vee= 4.0V and TA= 25°C. 

Note 3: All currents into' device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless Otherwise noted. All 
values shown as max or min on absolute value basis. 
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ac test circuits and switching time waveforms 

TO 
POWER> 

SUPPLY 
1 o Vee PIN 

O.lµF 

T 

ENABLE 
INPUT 
JACK 

A, B, C, D 
INPUT 
JACKS 

OUTPUTS 

truth table 

TO PULSE 8 2k 

. GENERATOR T· .· . . ·. INPUT PIN AND ;~g:~ . RIN UNDER TEST 

51 

PIN R 

RTI 

PINRC~ 
Cr 

T 

lOV --------!----.. 

Note: lnPut voltage rise and fall times are 120 ns from 10% to 90% poir:its. 

.A1N B1N C1N D1N DIG. OUT ON 

0 0 0 0 NONE 

1 0 0 0 1 

0 1 0 0 2 

1 1 0 0 3 

0 0 1 0 4 

1 0 1 0 5 
0 1 1 0 6 
1 1 1 0 7 

0 0 0 1 8 

1 0 0 1 9 

0 1 0 1 10 

1 1 0 1 11 

0 0 1 1 12 

1 0 1 1 13 

0 1 1 ·1 14 

1 1 1 1 NONE 

11-1 i 



058665 14-digit decoder/driver (hi-drive) 

general description 

The DS8665 circuit is a 14-digit decoder/driver with 
13 mA nominal. source current capable of driving exter
nal grounded-emitter transistor bases. The circuit has 
current threshold inputs, and is designed to be driven 
by P-channel MOS. An enable input is provided to 
allow for inter-digit blanking' of the decoded outputs. 
An open-collector output oscillator is provided for 
system timing (two passive external components are 
required). 

logic and connection diagrams 

Vcco-__ __, 

-::" 

5k 

-::" 

DIGIT t 

DIGIT 2 

DIGIT 3 

DIGIT 4 

DIGIT 5 

DIGIT 6 
8-BIT DIGIT 7 

14 WOAO 
ROM DIGIT 8 

A 
DIGIT 9 

DIGIT 10 

DIGIT 11 

DIGIT 12 

DIGIT 13 
-::" 

DIGIT 14 

Interface Drivers 

features 

• Oscillator frequency accuracy allows maximum 
system speed 

• Inter-digit blanking with the enable input provides 
ghost-free display operation 

OSCILLATOR 
OUTPUT 

ENABLE 

SOURCING 
OUTPUT 

ENABLE 

C1N 

B1N 

AIN 

D1N 

DIGIT 14 OUT 

DIGIT 13 OUT 

DIGIT 12 OUT 

DIGIT 11 OUT 

DIGIT 10 OUT 
10 

DIGIT 9 OUT 
11 

GND 
12 

Dual-In-Line Package 

24 Vee 

23 

22 RC 

21 
DSC OUT 

20 
DIGIT 1 OUT 

19 DIGIT 2 OUT 

18 
DIGIT 3 OUT 

17 DIGIT 4 OUT 

16 DIGIT 5 OUT 

15 
DIGIT 6 OUT 

14 OIGIT7 OUT 

13 DIGIT 8 OUT 

TOP VIEW 

Order Number DS8665N 
See Package 22 

ONE TYPICAL OUTPUT SHOWN 
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absolute maximum ratings (Note 1) operating conditions 

Supply Voltage 10V MIN MAX UNITS 
Input Voltage ±10V Supply Voltage IVccl 7.9 9.5 v 
Input Current ±1.5mA Temperature IT Al 0 +7.0 •c 
Output Voltage 10V 
Storage Temperature Range ~s"c to +iso•c 
Lead Temperature (Soldering, 10 seconds) 3oo•c 

electrical characteristi.CS (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage hN = 390µA 0.50 v 
Decoder Inputs 

Vee= Max, VENABLE= 6.7V 
l1N = 1400µA 1.50 v 

V1H Enable Input Vee= Max, ieNABLE = 140µA . 5.0 6.3 7.0 v 

l1H Logical "1" Input Current 
Vee= Max, VENABLE= 6}V 390 µA 

Decoder Inputs· 

l1H Enable Input Vee= Max 140 µA 

VIL Logical "0" Input Voltage Vee= Max, VENABLE= 6.7V, 1,L = 25µA 0.30 v 

l1L Logical "O" Input Current v cc = Max, v ENABLE = 6. 7V 25 µA 

loH(osc) Oscillator Output Vee= Max, V0 H = 10.0V, VAc = 0.6V 50 µA 

loH Logical "1" Outp~t Current Vee= Max, VoH = 1.00V, VENABLE= 6.7V -7.0 -13.0 -20.0 mA 

Digit Outputs 

las Output Short CircUit Current Vee= Max, V"c = 0.6V -0.15 -0.30 -0.45 mA 

(Pin R Only! 

VoL Logical "O" Output Voltage Vee= Max, 10L = 40µA, VENABLE= 6.7V 0.40 v 
Digit Outputs 

Vot(osc1 Oscillator Output Vee= Min, 10 L = 6 mA, VAc = 1.5V 0.20 0.50 v 

VaL Pin R Vee= Min, loL = 60µA, VAc = 1.5V 0.10 0.20 v 

Ice Supply Current-Enabled Vee= Max, VENABLE = 6.7V, V0 H = 1.00V 26.0 35.0 mA 

Ice Supply Current-Disabled Vee= Max, VENABLE = 1.0V 5.0 7.0 mA 

fosc Oscillator Frequency RT= 33k ±2%, CT= 100 pF ±5% 
Vee= Min 

320 360 400 kHz 
Vee :r; Max 

D.C. Duty Cycle (tpwH/r) RT = 33k ±2%, CT= 100 pF ±5% 
Vee= Min 

Vee= Max 
0.46 0.56 0.66 

switching characteristics V cc = 8.4V, TA = 25°C µnless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpd1 or Propagation Delay From A, B, R,N = 8.2k, VENABLE JACK = lOV, 500 ns 

"""' 
C, D Inputs to Digit Outputs Cc= 50pF 

tooo Propagation Delay to a Logical "O" R,N = 8.2k, CL = 50 pF 200 300 ns 

From Enable Input to Digi\Outputs 

tpcf1 propagation Delay to a Logical "1" R,N = 8.2k, CL = 50 pF lP 50 ns 

From Enable Input to Digit' Outputs 

Note 1: "Absolute Maximum Ratings" are those values beyond which .the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the rte to +70°C temperatu're range for the 058665; all typicals are given for 
Vee= 8.4V and TA= 2s0 c. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on,absolute value basis. 

' 
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ac test circuits and switching time waveforms 

TO 
POWER) 

SUPPLY 

truth table 

:t: 0Vcc PIN 
O.lµF 

T 

TO PULSE RIN 

GENERATOR TS.Zk INPUT PIN 
AND SCOPE UNDER TEST 

PROBE 
51 

PIN RC 

PIN R 

j T 
3k 

Cr 
TIUOpF 

OUTPUT PIN TO 
UNDER TEST u--------'""'-. :~g~~ 

50 pF 

Note: Input rise and fall times are 120 ns between 10% and 90% points. 

A1N B1N CtN D1N DIG.OUT ON 

0 0 a 0 NONE 

1 0 a 0 1 

0 1 a 0 2 

1 1 a 0 3 

0 0 1 0 4 

1 0 1 0 5 

0 I 1 0 6 

1 1 1 0 7 

0 0 0 1 8 

I 0 0 1 9 

0 1 0 1 10 

1 1 0 1 11 

0 0 1 1 12 

1 0 1 1 13 

0 1 1 1 14 

1 1 1 1 NONE 

11-14 

1N914 
DIODE 



058666 14-digit decoder/driver (P.O.S.) 

general description 

The DS8666 circuit is a 14-digit decoder/driver. Six 
outputs have an 80 mA sink capability, and eight of the 
outputs have a 13 mA' nominal source drive capability to 
drive external grounded-emitter transistor bases. The 
circuit has current threshold inputs, and is desig.ned to 
be driven by P-channel MOS. An enable input is pro
vided to allow for inter-digit blanking of the decoded 
outputs. An open-collector output oscillator is provided 
for system timing (two passive external components 
are required). 

logic and connection diagrams 

Cy 

Interface Drivers 

features 

• Oscillator frequency accuracy allows maximum 
system speed 

• lnter.-digit blanking with the enable input provides 
ghost-free display operation 

RT 

~ 

GNDO-___ _, 

Vcco--..---t 

B·BIT 
14WORD 

RDM 

OSCILLATOR 
DUJPUT 

ENABlE 

":'" 
C1N 

5k 
ENABLE B1N 

A1N 

D1N 

DIGIT 14 DUT 

DIGIT 13 out 

DIGIT 12 DUT 

DIGIT 11 DUT 

DIGIT 10 OUT 

SOURCING 
OUTPUT DIGIT 9 DUT 

Dual-In-Line Package 

10 

11 

24 Vee 

23 R 

21 DSC DUT 

20 
DIGIT 1 OUT 

19 DIGIT 2 DJJT 

lB DIGIT 3 OUT 

17 
DIGIT 4 OUT 

16 DIGIT 5 OUT 

lS DIGIT 6 OUT 

14 
DIGIT J OUT 

DIGIT 1 

DIGIT2 

DIGIT J 

DIGIT 4 

DIGITS 

DIGITS 

DIGIT J 

DIGIT 8 12 1J 
GND DIGIT BOUT 

DIGIT 10 ":" DIGIT 9 J 
DIGIT. 11 . ONE TYPICAL oUT·P._UT SHOWN 
DIGIT 12 OF EACH TYPE 

SINKING 

DIGIT 13 ~- OUTPUT """" 4 
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TOP VIEW 

Order Number OS8666N 
See Package 22 
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absolute maximum ratings (Note 1 J operating conditions 

Supply Voltage 10V MIN MAX UNITS 

Input Voltage 10V Supply Voltage (V eel 7.9 9.5 v 
Input Current ±1,5mA 

Temperature (T Al oe 
Output Voltage 10V 0 +70 

Storage Temperature Range -<i5°e.to +150°e 
Lead Temperature (Soldering, 10 seconds) 300°e 

I 

electrical characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V1H Logical "1" Input Voltage l1N = 390µA 0.50 v 
Decoder Inputs 

Vee= Max, VENABLE= 6.7V 
l1N = 1400µA 1.50 v 

V1H Enable Input Vee= Max. I ENABLE= 140 µA 5.0 6.3 7.0 v 

llH Logical "1" Input Current Vee= Max, VENABLE= 6.7V 390 µA 

Decoder ~,nputs 

llH Enable Input Vee= Max 140 µA 

V1L Logical "O" Input Voltage Vee= Max, VENABLE= 6.7V, liL = 25µA 0.30 v 

l1L Logical ''O" Input Current Vee= Max, VENABLE= 6.7V 25 µA 

IQH(OSe) Oscillator Output Vee= Max, VoH = 10.0V, VRc = 0.6V 50 µA 

IQH Digit 1-8 Outputs Vee= Max, VoH = 1.00V, VENABLE= 6.7V -7.0 -13.0 -20.0 mA 

IQH Logical "1" Output Current Vee= Max, VoH = 10.0V, VENABLE= 6.7V 50 µA 

Digit 9-14 Outputs 

•as Output Short-Circuit Current Vee= Max, VRC = 0.6V -0.15 -{).30 -0.45 mA 

Pin R Only 

VQL(OSC) Oscillator Output Vee= Min, IQL = 6 mA, VRC = 1.5V 0.50 v 

VoL Logical "O" Output Voltage 

Digit 1-8 Outputs loL=40µA 0.40 v 
Digit 9-14 Outputs Vee= Min, VENABLE = 6.7V loL=BOmA 0.35 0.50 v 
Pin R IQL = 60µA, 0.10 0.20 v 

VRC = 1.5V 

•cc Supply Current-Enabled Vee= Max, VENABLE= 6.7V, VQH = 1.00V, !(' 26.0 35.0 mA 

(Sourcing Output "ON") 

•cc Supply Current-Disabled Vee= Max, VENABLE= 1.0V 5.0 7.0 mA 

tosc Oscillator Frequency RT= 33k ±2%, CT= 100 pF ±5% 
Vee= Min 

Vee= Max 
320 360 400 kHz 

D.C. Outy Cycle (tPWH/TJ RT = 33k ±2%, CT = 100 pF ±5% 
Vee= Min 

0.46 0,56 0.66 
Vee= Max 

switching characteristics Vee= 8.4V, TA= 25°e 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO or Propagation Delay From A, R1N = 8.2k, VENABLE JACK= 1.ov. 500 ns 

tpd1 B, C, D Inputs to Digit CL= 50pF 

Outputs 

tpdO or Propagation Delay From R1N = 8.2k, CL= 50 pF 500 ns 

tpd1 Enable Input to Digit 

Outputs 

Note 1: 0 Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range .. they are: not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C for the 0$8666. All typicals are given for Vee =-8.4V and 
TA= 25°e. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 



ac test circuits a~d switching time waveforms 

.TO 
POWER) 

SUPPLY 
1: ovcc PIN .. '!' 0.1 µF 

PIN R 

R1N 

TO PULSE TBlk. INPUT PIN 
G~:~Rs~1~~ . UNDER TEST 

51 

8.4V .. 

. 

SINKING OUTPUT TO 
PIN UNDER TEST SCOPE 

Ct 
~50pF 

PIN RC 

j T 
3k 

Cr 
T100pF 

SOURCING OUTPUT TO 
PIN UNDER TEST O---t~--•--< SCOPE 

50 pf 1N914 

truth table 

lOV~~~~~~-1--------------....... 
ENABLE 

INPUT 
JACK 

A, B,C,D 
INPUT 
JACKS 

ov-----" 

1ov-----~i-----. 

SINKING IV 
OUTPUTS 

SOURCING 
OUTPUTS O.SV 

6.5V 

Note. Input rise and fall times are 120 ns between 10% and 90% points. 

A1N BIN C1N D1N DIG.OUT ON 

0 0 0 0 NONE 

1 0 0 0 L. 
0 1 0 0 2 
1 1 0 0 3 

0 0 1 0 4 

1 Q 1 0 5 
0 1 1 0 6 

. 1 1 1 0 7 

0 0 0 1 8 
1 0 0 1 9 . 

0 1 0 1 JO 
1 1 0 1 11 
0 0 1 1 12 
1 0 1 1 13 

0 1 1 1 14 

1 1 1 1 NONE 
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Interface Drivers 

058692, 058693, 058694 printing calculator interface set 

general description 
Two DS8692 IC's and one each of the DS8693 and 
DS8694 provide the complete interface necessary 
between the MM5787 calculator chip and the Seiko 
Model 310 printing head. The DS8692 is an array of 
eight common emitter output transistors each capable 
of sinking 350 mA, with open collector saturating 
outputs. The DS8693 contains the interface logic for 
the color solenoid driver, motor driver, and 7-column 
character select solenoid drivers. The DS8694 contains 
the interface logic for 8-column solenoid drivers plus 
the clock oscillator and timing-signal buffer. The color 
and character select solenoid driver outputs of both are 

connection diagrams 
Dual-In-Line Package 

E ~ 9 V ~·~ ~ 9 ~ ~ 

22 18 17 12 

10 11 

~ ITT ~ ~ ~ ~ ~ M ~ 

TOP VIEW 

Order Number DS8692N 
See Package 21 

constant current outputs supplying the base current 
for the DSB692 arrays. These outputs also feature active 
pull-down. The motor drive output is an open collector 
capable of sinking 20 mA. 

features 
• Provides complete interface package for printing 

calculators with m.inimum number of packages and 
minimum number of external components ' 

• 350 mA sink capability 

Dual'ln-Line Package 
COLUMN MOTOR 

, COLOR DRIVE MOTOR _1_2_3-•.=•-6_7_ - ~ 

8 19 18 17 16 15 ~ 13 12 

10 11 

IN 1 · INZ IN3 IN4 INS IN& IN7 COLOR CLK PRINT GND 
IN 

COLUMN 
TOP VIEW 

Order Number DS8693N 
See Package 21 

Dual-I n·Line Package 
COLUMN 

,------'------..TtMING 
OUT10UT20UT30UT40UT5DUT&DUT70UT8 IN OSCCOSCR 

10 ,, 12 

IN1 INZ INJ IN4 INS IN& IN7 IN8 CLKTIMINGDSC GND 
OUT OUT 

COLUMN 
TOP VIEW 

Order Number DS8694N 
See Package 22 
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absolute maximum ratings DS8692-Transistor Array (Note 1) 

Collector to Base Voltage 35V Power Dissipation (TA = 25° C) 650mW 
Collector to Emitter Voltage 35V Operating Junction TerTiperature 150°C max 
Collector to Emitter Voltage (Note 4) 15V Operating Temperature Range 0°C to +10°c 
Emitter to Base Voltage 6V Storage Temperature Range -65/ to +150° C 
Collector. Current (Continuous) 0.4A Lead Temperature {Soldering, 10 seconds) 300°c 

elec.trical characteristics DS8692 (Each Transistor, TA = 25°C unless specified) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Vceo Collector to Emitter Breakdown le= 100µA, 18 ~ 0 15 v 

Voltage 

VcEs Collector to Emitter Breakdown le= 100µA, Va•= 0 35 v 

Voltage 

Vcso Collector to Base Breakdown le = 100µA, IE = 0 35 v 
Voltage 

hFE de Current Gain le= 165 mA@VcE = 5V 80 v 

le.= 350 mA@ V CE = 5V 70 v 

Vce(SAT) Collector to Emitter Saturation Voltage le= 350 mA, 18 = 7.0mA 1.0 v 

VsE(SATl Base to Emitter Saturation Voltage le O' 35a mA, 10 =1.aniA a.95 v 

absolute maximum ratings DS8693 (Note 1) operating conditions osss93 

Supply Voltage 12V MIN MAX UNITS 
Input Voltage 12V 

Supply Voltage (Vccl 8.5 11.0 v 
OutpUt Voltage 

All Pins Except Pin 13 12V Temperature (TA) 0 +70 oc 

Pin 13 19V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (S·oldering, 10 seconds) 3aO'C 

electrical characteristics DS8693 (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

COLUMN DRIV~RS. 

l1N Input Current v,N =Vee -1.5V 250 µA 

Voe Output "OFF" Voltage V cc c Min, 11N = 50.0µA, lceocK = 300µA, 0.4 v 

louT = 1 mA 

loH Output "ON" Current Vee =Min, v,N = 7.0V, lceoeK = 3aOµA. ~1 -17 mA 

VouT=1.0V 

I.as Output Short Circuit Current V cc =Max, I 1N = 50µA, leeoeK = 300µA, -1.2 mA 

VouT =a.av 

CLOCK INPUT 

VIN Input Voltage l1N = 300µA 4.1 v 

llN = 50µA 1.5 v 

l1H Logical "1" Input High Current 30a µA 

l1e Logical "O" Input Low Current 50 µA 

MOTOR DRIVER 
. 

~ 

I 1N(PRtNTl Input Current V1N =Vee -1.5V 250 µA 

l1L(STOP) Input Low Current (Stop) Vee;;;::. Min •. ViN(STOPl·=O.OV, -270 /µA 

(,Stop Switch Closed) .· 
V 1H(STOP) Input High Voltage (Stop) Vee-'." Max, :1 1 ~{STQPJ = 011A, 1.35 v 

(Stop Switch Open) 

Voe Output Low Voltage Vee= Mi_n, VPFllN'r = 7V, IQuT :::;' 15 mA 0.5 v 

lox Output Leakage Current Vee= Max, IPRINT = 50µA, VsrnP =a.av. 100 µA 

VouT = 15V 
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electrical characteristics (con't) DS8693 

PARAMETER CONDITIONS MIN TYP 

COLOR DRIVER 

VIN Input Voltage l1N = 250µA 4.55 

11N = 50µA 

Voe Output "OFF" Voltage v cc =Min, 1,N = 50µA, louT = 1 mA 

loH Output "ON" Current v cc = Min, 1,N = 250µA, VouT = 1.0V -8 

lcc(PEAK) Peak Supply Current Vee= Max, VcoLUMN rN/VPRINT = 7V, 

lcLOCK/lcoLOR = 300µA, (Note 6) 

lcc1ssJ Stand-by Supply Current Vee= Max, VcoLUMN 1N/VPAJNT =.OV, 

lcoLOR = OµA, lccocK = 300µA 

lcc(AVE) Average Supply Current V cc = Max, Continuous Operation 

absolute maximum ratings DS8694 (Note 1) operating conditions 
Supply Voltage 12V MIN 
Input Voltage 

Supply Voltage (VccJ 8.5 
All Pins Except Pin 15 .12V 
Pin 15 19V Temperature (T Al· 0 

Output Voltage 12V 
Storage Temperature f7tange --65°C to +150°C 
Lead Temperature (Soldering 10 seconds) 300"C 

de electrical characteristics DS8694 (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP 

COLUMN DR I.VER 

l1N Input Current V1N =Vee -1.5V 

VoL Output "OFF" Voltage V cc = Min, I 1N = 50µA, lcLOCK = 300µA, 

lour= 1 mA 

loH Output "'ON" Current Vee= Min, V 1N = 7.0V, lccocK = 300µA, -7 

VouT=1.0V 

las Output Short Circuit Current Vee=- Max, 11N = 50µA, lcLOCK = 300µA, 

VouT = 0.0V 

CLOCK INPUT 

V1N Input Voltage l1N = 300µA 4,1 

11N = 50µA 

l1H Logical "1" Input High Curre"nt 300 

I 1L Logical "O" Input Low Current 

TIMING BUFFER 

l1N Input Current V 1N = 17V 380 

VoL Output Low Voltage lour= 50µA, V 1N = 10V 

VoH Output High Voltage louT = -50µA, V 1N = 7V Vcc-1.0 

OSCILLATOR 

fose Frequency Vee= Max, R = 18k, C = 0.0015µFd, 85 100 

(Note 5) 

Voe Ou.tput Low Voltage Vee== Min, louT = 50µA 

VoH Output High Voltage louT = -50µA V cc-1.0 

d Duty Cycle Vee= Max 40 50 

Vose Osc. Vee Turn-On VoltaQe 7.2 7.7 

lcc(PEAK) Peak Supply Current Vee·= Max, .VcoLuMN 1,N/VPR.iNT = 7V, 

lcLOCK = 300µA, (Note 6) 

lcc(SB) Stand-by Supply Current Vee= Max, VcoLUMN 1N/VPRINT = OV, 

lcLOCK = 300µA 

lce(AVE) Average Supply Current Vee= Max, Continuous Operation 

MAX UNITS 

v 
1.65 v 

0.4 v 

-18 mA 

180 mA 

55 mA 

68 mA 

MAX UNITS 

11.0 v 
+70 "C 

MAX UNITS 

250 µA 

0.4 v 

-17 mA 

-1.2 mA 

v 
1.5 v 

µA 

50 µA 

880 µA 

0.5 v 

v 

115 kHz 

0.5 v 

v 

60 % 

8.2 v 

200 mA 

55 mA 

62 mA 
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ac electrical characteristics 088694 
V cc = 5.0V, TA = 25°C (unless otherwise specified) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

COl.,UMN DRIVERS (DS8693, DS8694) (Figure 3) 

PWcoLUMN Column In Pulse Width 1.1 360.0 µs 

PWcLocK Clock Pulse Width 1.0 150.0 µs 

t., Delay of Column In Pulse After 0.1 160.0 µs 

Clock Transitions to Low State 

for Output to Latch 

\>oo Propagation Delay to a Logical Column In= OV 10.0 µs 

"O" From Clock to Column Out 

Output 

tp01 Propagation Delay to a Logical Column In= 7V 1300 µs 

"1" From Clock to Column 

Output 

tp00 .Propagation OelaY to a Logical Clock= 7V 10 µs 

"O" From Column In to Column 

Out 

tpd1 Propagation Delay to a Logical Clock= 7V 1300 µs 

"1" From Column In to Column 

Out 

COLOR DRIVER (DS8693) (Figure 4) . 
tP<lo Propagation Delay to a Logical 10.0 µs 

"O" From Color In to Color Out 

tpd1 Propagation Delay to a Logieal 10.0 µs 

"1" From Color In to Color Out 

MOTO,R DRIVER !DS8693) (Figure 6). 

PWPRINT Print Signal Pulse Width 1 2400 µs 

PWsToP Stop Signal Pulse Width 1 3000 µs 

PWcLocK Clock Pulse Width 1 150 µ.s 

tpdo Pro~ag·ation Delay to a Logical 100 .µ.s 

"011 From Print to MOtor Drive 

Out 

tpd1 Propagation Delay to a Logical Print= O.OV, Clock= 7.0V 10 µ.s 

"1" From Motor Stop (High-to· 

Low Transition) to Motor Drive 

Out 
- -

TIMING SIGNAL BUFFER. (DS8694) (Figure 5) 

PWTIM1NG Timing Signal Pulse Width 1 ms 

t, Rise Time CLO AD= 35 pF 500 ns 

t1 Fall Time CLOAD = 35 pF 600 hs 

tpdo Propagation. Del'ay to a "LoQical 10 µs 

'.'0" From Timing In ta Timing m 
Out 

tpd1 Propagation Delay to a Logical 10 µs 

"1" From Timing In to Timing 

Out 

C.LOCK OSCILLATOR (DS8694) (Figure 71 -:-

fosc · Oscillator Frequency (Note 5) 85 100 115 kHz 

d Duty Cycle 40 50 60 % 

t, R'ise Time CLOAD = 35 pf 500 ns 

t, Fall Time CLOAD = 35 pF 500 ns 
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' Note 1; ' 1Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to -imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation 
Note 2: Unless otherwise specified min/max limits apply across the O'C to +70°C range for the DS8692, DS8693, DS8694. All typicals are given 
for V cc= 5.0V and TA = 25°C. 
Note 3: All currents into device pins shown as positive, out Of device pins as negative, all voltages referenced to.ground unless otherwise noted. All 
values hsown as. max or min on absolute basis. 
Note 4: Ratiilgs refer to a high current point where collector-emitte·r voltage is lowest. 

Note 5: Oscillator frequency is determined by external R between "Osc R" and "Osc C" and external C from "Osc C" to ground. 2k > R > 20k. 
Note 0: Column outputs operate on approximately 1/16 duty cycle in normal operation. 

system connection diagram 
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Logic and Timing Diagrams 

CLOCK 

KEYBOARD SCAN PULSES ~ r--t.i 
Li' "'=' n COLUMN 

COLUMN IN ~~~~:~TION 

. I -11----.,-.,-T-Tl-ME ___ -I~ I-- PW,.._.,.,, 
-..i l--woRDTIME 

COLUMN OUT 

Switching Time Waveform• 

COLUMN IN 

FIGUR.E 3. DS8693/0S8&94 Column Driver 

COLDRIN~COLOROUT 

COLORIN,Y 

JV-----.. --------. 

_Jc 1-..... COLOR IN 

av----~ 
lmA-----.. -------. 

COLOR o'oT, 1 

···----~ 

FIGURE 4. DS8693 Color Driver 

TIMINQ;IN o.,.------i[>----o TIMING OUT 

nv-------j- SWT1111NG ~ m 
TIMING IN, V TIMINGllll 

··------~ 

10v------~ 
TIMING OUT, V TIMING OUT 

··-------~---
FIGURE 5. 088694 Tinling Signal Buffer 
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Logic and Timing Diagrams 

MOTOR 
STOP 

F----------- t~430ms-----------1 

~1 PW'"'" 

PRINT __Jlt.__ ______ __,_fl_ 
I 

CLOCK 

MOTOR STOP 

MOTOR ORIVE OUT 

I 
I 
I 
I 
I 

11 
11 
11 

11 
I I 
I I 

PRINT r\ 

mm 
I I I I I I 

Switching Time Waveforms 

-:=J·~·f:: _______________________ _ 

~-~H ~ { { 
OUTPUT ..__1 ;., 

CLOCK .f\. 

:j ··-· ~ or---
MOTOR STOP 

OSCILLATOR 
OUT 

FIGURE 6. 0$7693 Motor Drive Circuit 

OSC R 

R 'i' 
r'"" ----""\/VV---+ 
I · I 

DSC c Ost OUT 
_._ 
...,--

~ 

FIGURE 7.0$8694 Oscillator Diagram 
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058867 8-segment driver 

general description 
The 058867 is an 8-segment driver designed to be driven 
from MOS circuits operating at 8V ±10% minimum 
V55 supply and will supply 14 mA to a LED display. 
The output current is insensitive to V cc variations. 

schematic and connection diagrams 

(18) 

11-8) 
IN 0---'\,.,., ........ ~ 

(9) SUBST. 

GND~ 

"' 
(17-10) 

..._ ..... ,_.'()OUT 

. typical application 

Interface Drivers 

features 
• Internal current control-no external resistors 
• 100% efficient, no standby power 
• Operates in three and four cell battery systems 
• Inputs and outputs grouped for easy PC layout 

Dual-I n·Line Package 

Vee 0UT1 DUT2 DUTJ OUT4 OUT5 OUTS OUT7 OUTS 

18 17 16 15 14 13 12 11 10 

• • • • • • 

IN t IN Z IN 3 IN 4 IN 5 IN 6 IN 7 IN 8 GND 

TOI' VIEW 

Order Number DS8667N 
See Package 20 

Typical 3 Cell Scientific Calculator Circuit 

DC-OC 
CONVERTER 

v., 

SEGMENT ORIVE·(B) 

MM5758 
SCIENTIFIC 

CALCULATOR 

GNO 

OS8867 SEGMENT DRIVER 

NSA5101 LED DISPLAY 

-=-- 4.!iV 

-=- Cl 8 1o-1 8 8 DI 13 q - 11:! C1-11 Cl. • .I . • I_. • C1. _. 

OS8B68 DIGIT DRIVER 

GNO 
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absolute maximum ratings (Note 1> operating conditions 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

7V 
10V 
10V 

--U5°C to +150°C 
300°C 

Supply Voltage, Vee 

Temperature, TA 

electrical characteristics (Note 2) 

PARAMETER CONDITIONS 

Logical "1" Input Voltage Vee= Min, V0 H = 2.3V, 11H = 500µA 

Logical "O" Input Current Vee= M.ax, Voe= 1.8V, V 1e = 2.0V 

Logical "1" Output Current Vee= Min, V0 H = 2.3V, 11H = 500µA 

foe Logical "O" Output Current Vee= Max, V 0 c = 1.0V, V 1c = 1.3V 

L All Voe= 1.0V, v,L = 1.3V, (Standby) 
Vee= Max l 

Ail VoH = 2.3V, v,H = 7.8V 

fee OFF Supply Current 

Ice oN 

MIN 

-8 

MIN 

3 .. 3 

0 

TYP 

4.9 

0.1 

-14 

-0.5 

4 

112 

MAX 

6.0 

+70 

MAX 

5.4 

10 

-18 

-10 

50 

150 

UNITS 

v 
oc 

UNITS 

v 

µA 

mA 

µA 

µA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond ·which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits appfy.across the 0°C to +70° C 
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DS8868 12-digit decoder/driver 

general description 

The DS8868 is a 12-digit decoder /driver designed to 
drive LED displays like the NSA5101 from the MM5758 
calculator chip or equivalent which supplies a 4-line 
coded input (see truth table). It is designed to operate 
from a 3 cell battery (3.3V to 4.5V) and features a 
low battery indicator. The DS8868 can sink up to 
110 mA min on each output. 

connection diagram 

Dual-In-Line Package 

OUT2 OUT, Vee IN• !No IN, !No GND OUT12 

18 17 " 15 14 13 12 11 10 

~ .___ I--

r--i I-

1 2 3 4 5 6 7 8 9 

OUT3 OUT" OUTs OUTs OUT1 OUTs OUTg OUT10 OUf11 

Order Number OS8868N 
See Package 20 

truth table 

INPUTS 

INA INe ,I Ne I No 01 02 03 04 

L L L H L 
H L L L L 
H H L L L 
L H H L L 
H L H H 
L H L H 
H L H L 
H H L H 
H H H L 
H H H H 
L L H H 
L H H H 

*A blank implies an H 

''·· ,1,1-27 

Interface Drivers 

features 

• Direct interface with MM5758 calculator 

• Low battery indicator 

• 110 mA sink capability 

• Low voltage operation 

equivalent schematic 

.~OUTPUT 

INPUT t-r::- LOGIC 

~ 
'·"? ...._ 

...._ 
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~ 

OUTPUTS* 
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abso.lute maximum ratings (Note 1) operating conditions 

Supply Voltage 
Input Current 
Output Voltage 
Storage Temperature Range 
Lead Temperature !Soldering, 10 seconds) 

6V 
10mA 

9V 
--us to +150°c 

300°C 

Supply Voltage, Vee 

Temperature, TA 

electrical characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN 

l1H Logical "1" Input Current Vee =Min, Selected Output Vol $ 0.4V 

V1LV Low Voltage Indicator (Measured Vee= 3. lV, TA = 25°C, l1Ne = l1ND = 45QµA 2.8 

on Pin 15) 

l1l Logical "O" Input Current Vee= Min, Selected Output foM $ 50µA 100 

foH Logical "1" Output Current Vee= Max, VoH = 7.0V, All Outputs "OFF" 

Vol Logical "O" Output Voltage Vee= Min, 10 l = 110 mA 

fee Supply Current "OFF" Vee= Max, All Outputs "OFF"', VoH = 5V 

Ice Supply Current "ON" Vee= Max, One Output Selected 

TYP 

300 

300 

MIN 

3.3 

0 

MAX 

4.5 

+70 

MAX 

450 

100 

0.5 

8.0 

11.0 

UNITS 

v 
oc 

UNITS 

µA 

v 

µA 

µA 

v 

mA 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except fa·r "Operating 
Conditions" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply· across the 0°C to +70°C range. All typicals are given for Vee= 4.0V and TA"" 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as neg·ative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

typical application 

DC-DC 
CONVERTER 

Typical 3-Cell Scientific Calculator Circuit 

·SEGMENT DRIVE (8) 

MM5758 
SCIENTIFIC 
CAL~ULATOR 

Voo 

14) 

058867 SEGMENT DRIVER 

NSA5101 LED DISPLAY 

.!. 0 10-1 Cl B· B p B [] - e Col O. • D. • • 1::1. • D. =1 

DS8868 DIGIT DRIVER 

GND 
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Interface Drivers 

0$8871. DS8872, 0$8873, DS8977 saturating LED cathode drivers 

general description 
The 058871, 058872, 058873 and 058977 are bipolar 
integrated circuits designed to interface between MOS 
calculator circuits and common cathode LED displays 
operating in the multiplexed mode with a digit current 
of up tp 40 milliamps. The DS8871 is an 8-digit driver; 
the 058872 is a 9-digit driver; and the DS8873 is a 9-
digit driver with a built-in battery condition indicator 
that turns on the digit 9 decima.1 point when the battery 
voltage drops to 6.5V {typical). The DS8977 is a 7-digit 
version of the 058873. In a typical calculator system 
operating on a 9V battery, the low battery indicator 

comes on as a warning that the battery should be re
placed_ But the calculator (MM5737 or equivalent) will 
still function properly for awhile. 

features 
• Single saturating transistor output 
• Low battery indicator 
• MOS compatible inputs 
• Inputs and outputs clustered for easy wiring 
• Drivers consume no standby power 

schematic diagram 0$8871 

INPUT 17.16, 15, 14, 13, 12, 11, 10 a OUTPUT 

1,Z,3,4,5,6, 7.8 
k 

v~ 
CCI~ 

GND 9 

connection diagrams (Dual-In-Line Packages, Top Views) 

OUT 
· 9.P. 

Vcc1 . .,. • 
" Z1 

NC" 

OUTPUTS 

INPUTS 

Order Number OSB977N 
See Package 20 

OUTPUTS 

•, 
" 19 " 11 " 15 

INPUTS 

Order Number OS8872N 
See Package 21 

14 13 12 
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Vee 

11 11 

Vcc1 Vccz g 

OUTPUTS 

" 15 14 13 

INPUTS 

Order Number 058871 N 
See Package 20 

OUTPUTS 

INPUTS 
Order Number OS8873N 

See Package 21 
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absolute maximum ratings (Note 1) operating conditions 
MIN MAX UNITS 

Supply Voltage Vcc1=11v Supply Voltage, Vcc1 4,0 9.5 v 
Supply Voltage (Note 4) Vcc2 =11v Supply Voltage, Vcc2 (Note 4) 4.0 9.5 v 
Input Voltage 11V oc 
Output Voltage av Temperature, T /l. 0 +70 

Storage Temperature Range -65°C to +125°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

l1L Logical "O" Input Current V1N =0.4V 1 4f5 µA 

l1H Logical "1" Input Current V1N = 4.5\i 1.7 2.5 mA 

VOL Logical "O" Output Voltage V1N = 3.2V, IOL = 40 mA 0.35 0.5 v 
IOL Logic;al "O" Output Current VtN = 3.2V, VoL = 0.5V 40 mA 

ICEX Output Leakage Current VoH = 6V, l1N = 25µA 40 'µA 

IDP(ON) Decimal Point Output Current Vcc2 = 6.25V, VDP = 2.5V, V1N9 = 3.2V, -5.0 -7.0 mA 

(Note 4) 

I DP( OFF) Decimal Point Output Current Vcc2 = 7V, V1N9 = 3.2V, VDP = 1V, -1 -100 µA 

(Note 4) 

1cc1 Supply Current, Vcc1 Vcc1 = 6.5V, V1N = ov 1 100 µA 

1cc2 Supply Current, Vcc2 Vcc2 = 11.3V, V1N9 = 4.5V, (Note 4) 0.9 1.2 mA 

Note 1: "Absolute .Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics'' provides conditions for actual device operation. 
Note 2: Unless otherwise speCified min/max limits apply across the 0°C to +70°C range. 
Note 3: All currents into ,devic~ pins shown as Positive, out of devi'ce pins as negative, all voltages referenced to ground unless otherwise 
nOted. All values shown as max or min· on absolute value basis. 
Note 4: Applies to DS8873 only. 

typical applications 

TO ~l TO ( 

il KEYBOARD KEVBOARO 'I 

1~01 ~ 
J. 

1.fU~, Vss ,.,...;;,u- Voo 
: MMS138 MMS138 

~D09 CALCULATOR CHIP ,.....___, 09 CALCULATOR 

A 8 c D E F G D.P. Voo + A B C D E F G D.P. -!-,v lil lII IE_ ... DC·DC IIIIII5 CONVERTER _, 

~ 
1---i ,.............. 

CURRENT 
NSA12989·DIGIT LIMIT NSA1298 9·DIGIT 

LED DISPLAY RESISTOR LED DISPLAY 

-=-
ARRAY 

Ill f f1ff f -VsAT 
L.....r-.--' 

lIII III - 4CELLS 
-=-@1.5VEACH 

lk -
9 8 1 6 5 4. 3 2 1 

~0.1µF ~ 
9. 1 6 5 4 3 '1 

OUTPUTS O.P.f- OUTPUTS O.P.1-

DS88139-0IGIT Vcc1 ..+ l DS88139·01GIT Vcc1 1--1 
DRIVER Vcc2 DRIVER Vee> I---' 
INPUTS GND 

INPUTS ••• 
•· • 1 9 • • 1 

L.J 9·DIGITLINES J L.J 9-0IGITLINES J 
FIGURE 1. 4-Cell System FIGURE 2. 9V System 
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058874 9-digit shift input LED driver 

general description 
The DS8874 is a 9-digit LED driver which incorporates a 
shift register input decoding circuit and a low battery 
indicator. Outputs will sink 110 mA at less than 0.5V 
drop when sequentially selected. When the Vee supply 
falls below 6.5V typical, segment current will be fur· 
nished at digit 9 time to indicate a low battery con di ti.on. 
Pin 13 is generally connected to the decimal point 
segment on the display so that when a low battery 
condition exists, the left·most decimal point lights up. 
The digit driver is intended to be used with the 

connection diagram 

Dual-In-Line Package 

Vee 

LOW 
BATT 
OUT OUT 9 OUT 8 OUT 7 OUT 6 OUT 5 

CLOCIC 
PULSE 

11 10 

S/R 

DID OUT1 OUT2 OUT3 OUT4 

TOP VIEW 

Order Number DS8874N 
See Package 18 

typical application 

GND 

Interface Drivers 

MM5784N 5-function, 9-digit accumulating memory 
calculator circuit, or any other circuit which supplies 
the 9-digit information in a similar serial format. 

features 
• 110 mA digit sink 

• Low battery indicator 

• Minimum number of connections 
• MOS compatible inputs 

equivalent schematic 

OUTPUT 

LOGIC 

Typical Application of the DS8874 Digit Driver with the MM5784 5-Function 
Calculator Circuit, NSA1298 9-Digit LED Display and a 9V Battery 

NSA1298 

9 DIGIT LINES !-----------''- TO 
r----/ KEV80ARO EIBB 18 c100 8 0 

• • • • 1::1.1::1. 1::1. .1::1. 

DATA 
MM57B4 DS8874 

GNO GNO 

TO KEYBOARD 
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CX> 
CX> 
CJ) 
0 

absolute maximum ratings (Note 1) operating conditions 
MIN 

Supply Voltage 10V Supply Voltage (Vccl 6.0 
Input Voltage 3V Temperature (T Ai 0 
Output Voltage 10V 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

PARAMETER 

l1H Logical "1" Input Current 

l1L Logical "O" lnpUt Current 

VccL Decimal Point "ON'' 

VCCH Decimal Point "OFF" 

loH Logical "1" Output Current 

VQL Logical "O" Output Vohage 

ice Supply Current 

--us0 c to +150°c 
300°C 

CONDITIONS 

Vee= Max, V1N = 3V 

Vee= Max, V1N = 0.8V 

Vdp = 2.3V. ldp = -4 mA. 09 =VOL 

Vdp = 1V, ldp = -10µA, 09 = VQL 

Vee= Max, Output Not Selected 

Vee= Min, Output Selected, 101 = 80 mA 

Vee= Max, Output Selected, 101=110 mA 

Vee= Max, One Output Selected 

MIN TYP 

0.25 

0.05 

7.0 

0.45 

0.6 

13 

.MAX 

9.5 
+70 

MAX 

0.4 

0.1 

6.0 

100 

1 

1.5 

17 

UNITS 

v 
~c 

UNITS 

mA 

mA 

v 

v 
µA 

v 
v 

mA 

Note 1: "~bsolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant.ta· imply that the device should be operated at these limits. The table of "Electrical 
Characteristics". provides c0nditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to :t-70°C range. All typicals are given for TA= 25°C. 
Note 3: All currents into device pins shown as positive .. out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

timing diagram (Upper Level _More Positive) 

CLOCK PULSE 

OUTPUT 1 

OUTPUT 2 

OUTPUT 3 

OUTPUT 9 
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DS8877 6-digit LED driver 

general description 

The DS8877 is a 6-digit LED driver designed as a pin
for-pin replacement for the DS75492 in applications. 
where digit current is in the 5 to 50 mA range. Since the 
outputs saturate to less than 0.6V, the DS8877 will 
work on lower battery voltages "than most digit drivers. 
The 0$8877 draws no standby .power. 

logic and connection diagrams 

~'"m' k 
lrllPUT 

GNO 

IN1 

14 

OUT1 
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Interface Drivers 

features 

• No standby power 

• No supply connection 

• Operates in 4.5V, 6V or 9V systems 

• Pin-for-pin replacement for DS75_492 in low current 
applications 

Dual-ln~Lin·e Package 

OUT6 IN, NC INs OUTs IN4 

OUT2 IN2 GND IN3 OUT3 OUT4 

TOP VIEW 

Order Number DS8877N 
See Pack!lge 18 

0 
(J) 
ex> 
ex> 
~ 

DI 
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.absolute maximum ratings (Note 1) 

Supply Voltage None Required 

Input Voltage lOV 
Output Voltage 10V 

Operating Temperature Range 0 to +70°C 
Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V1H Logical "1" Input Voltage 5.0 v 

l1H Logical "1" Input Current V1H = 5.0V 1.2 mA 

V1L Logical "O" Input Voltage 0.35 v 

IL Logical "O" Input Current VIL= 0.35V 20 µA 

lcEX Logical "1" Output Current Ve= 8.0V, VIN= 0.35V 100 µA 

Vol Logical "O" Output Voltage lol = 35 mA, V1N = 5.0V 0.5 v 

loL Logical "O" Output Current Vol = 0.5V, V1N = 5.0V 35 50 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not m.eant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides condition~ for actual_ deVice oper'ation. 

Note 2: Unfe~s otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for TA 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

typical application 

M~~~~~~ ~ 9.0V 
EQUIV. -

l 1 
f, ,, SI ,, Sd ,, Sb ,, 

v~ 

J 
,, " ,, Sd " Sf ,, J 

47[}!2 CJ J-J CJ CJ J-J ,-, NSA1166 r--r MM5736 DP ,, CJ CJ J:J CJ. CJ CJ 
01 02 DJ D4 05 D6 v,, 

~ ~ l .----- J ...::::... 

~ l'o-2-
...:::,,,.. 

t'-o!-..:::::.. 

~ f'o-!- ~ 
' _.:::,,. 

POWER ( 
~ 

~ ~ ~ 058877 SWITCH 

~ _.:::,,. 

~ 6 

~ 

D c 

~ 

KEYBOARD :::::::::r= 
Calculator Configuration with MM5736 6-Digit Calculator 
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Interface· Drivers 

058892 programmable hex LED digit driver 

general description 

The DS8892 is a hex LE,D digit driver similar to the 
DS75494, except that the DS8892 is programmable. 
The DS8892 will sink up to 200.mA per output, and the 
open collector outputs withstand a minimum of 8.8V 
in the off state. The main application of the DS8892 
is to interface between MOS circuits and common 
cathode LED displays in systems where low battery 
drain is important. The DS8892, through the use of a 
single external resistor, allows the base drive to the out
put transistors to be programmed to the desired amount, 
thus saving battery current. 

schematic and connection diagrams 

features 

• Presettable current drain 

• 200 mA sink capability 

• MOS compatible inputs 

• Low voltage operation 

Dual-In-Line Package 

VR"' V1Ns VouTG VouT5 V1NS VouT4 V1N4 VR* 

v. 16 

ONE OF SIX DRIVER SHOWN 

typical application 

-I 
• 

Rl 

r-
1 

I I 
R L __ --~·~ 

11-35 

15 14 13 12 11 

TOP VIEW 
*Pins9and 15tiedtogetherffiternally. 

Order Number DSB892N 
See Package 19 
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absolute maximum ratings (Note 1) 

Supply Voltage, Vss (Note 2) 8.8V 
8.8V 
8.8V 

Input Voltage 
Output Voltage 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

--65°C to +150°C 
0°C to +70°C 

300°C 

electrical characteristics (Notes2and3) v00 =OV 

PARAMETER CONDITIONS 

l1L Logical "O" Input (;urrent Vss = 8.8V, R1=300Q, louT = 400µA 

l1H Logical "1" Input Current Vss = 8.8V, R,N = 45Q, IR=6mA, 

louT = 80 mA 

VR Logical "O" Phase·Splitter Voltage Vss = 6.0V, R,N = 45Q, IR= 6 mA, 

louT = 80 mA 

foH Logical "1" Output Current Vss = 8.BV, l1N = 50µA, R1 = 3oon. 

VouT = 8.5V 

VoL Logical "O" Output Voltage Vss = 3.0V, IR= 2 mA, 

louT = 25 mA 

Vss = 3.SV, IR= 5.7 mA, 

R,N = 140Q 
louT = 50mA 

Vss = 4.5V, IR=7.7mA, 

louT = 100 mA 

V55 = 6.0V, IR = 12 mA, 

louT = 200 mA 

switching characteristics 

PARAMETER CONDITIONS 

tp(ON) Propagation Delay to a Logical "O" (See AC Test Circuit). V55 = 6.0V 

tP(OFF) Propagation Delay to a Logical "1" (See AC Test Circuit), Vss = 6.0V 

MIN TYP MAX UNITS 

50 µA 

2.7 mA 

0.9 1.4 v 

400 µA 

0.35 v 

0.;35 v 

0.40 v 

0.50 v 

MIN TYP MAX UNITS 

800 ns 

1.2 µs 

Note 1: "Absolute Maximum Ratings" are those values beyorid which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Vss is an external system supply, used as shown in the de test circuit (Yoo = OV). 

Note 3: All currents into device pins shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise noted. 
All values shown as maximum or minimum on absolute value basis. 

ac test circuit 

" 

;oo v~ 

0 
% 

V1N Your 

pf 

~±HI% 

de test circuit 
v~ 

OUTPUT 
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switching time waveforms 

Vss 90% 90% 

10% 10% 

_______....0.2ms~~01ms-

VouT 

--1 !--tp(QN) 

tt=10µs 

t,= 10µs 

50% 



Interface Drivers 

DS75491 MOS-to-LED. quad segment driver 

DS75492 MOS-to-LED hex digit driver 

general description-

The DS75491 and DS75492 are interface circuitS 
designed to be" used in conjunction with MOS 
integrated circuits and common-cathode LED's in 
serially addressed multi-digit displays. The num· 
ber of drivers required for this time-multiplexed 
system is minimized as a result of the segment· 
address-and-di~it-scan method-of LEO drive. 

features 
• 50 mA source or sink capability 

per driver (DS75491) 

• 250 mA sink capability 
per driver (DS75492) 

• MOS compata\>ility (low input current) 

• Low standby power 

• High-gain Darlington circuits 

schematic and connection diagrams 

DS75491 (each driver) DS75492 (each driver) 

(111 TDOTHE.R (111 TD OTHER ... •• 
TD OTHER 
DRIVERS 

0875491 

•• .. •• .. " 12 

,. 
" ,. 

DRIVfRS 
l&l 

••• 

Dua1:1,..L1ne Package .. 
" 

GIG 

TDP'VIEW 

• • .. 
" 

.. .. 

3A ,. 

.. 1Y 

Order Number DS75491N 
orDS75492N 

Sea. Package 18 
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absolute maximum ratings (Note 1) 
0575491 0575492 

Input Voltage Range (Note 4) -5V to Vss -5V to Vss 

Collector Output Voltage (Note 5) 10V 10V 

Collector Out13ut to Input Voltage 10V 10V 

Emitter to-Ground Voltage (V 1? 5V) 10V 

Emitter to Input Voltage 5V 

Voltage at V 55 Terminal With Respect to 
10V 10V 

Any Other Device Terminal 

Collector Output Current 

Each Collector Output 50mA 250mA 

All Collector Outputs 200mA 600mA 

Continuous Total Dissipation 600mW 600mW 

Operating Temperature Range 0°C to +70°C 0°Cto+70°C 

Storage Temperature Range -65°C to +150°C -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 300°C 

de electrical characteristics 
0575491 (V55 = 10V, TA = 0°C to +70°C-unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vee ON "ON" State Collector Emitter Voltage Input= 8.5V through 1 kf!, TA= 25°C ·o.9 1.2 v 

Ve=5V,lc=50mA 1.5 v 

le OFF "OFF" State Collector Current Ve= 10V, 1 l1N = 40µA 100 µA 

Ve =OV l V1N = 0.7V 100 µA 

1, Input Current at Maximum Input Voltage V1N = 10V, Ve =0, lc =20 mA 2.2 3.3 mA 

le Emitter Reverse Current V1N =O, Ve =5V, lc =0 100 µA 

lss Current Into V55 Terminal 1 mA 

0575.492 (V55 = 10V, TA= 0°C to +70°C unless otherwise noted) (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voe Low Level Output Voltage Input= 6.5V through 1 kf!, 'fa =25°C 0.9 1.2 v 

louT = 250 mA 1.5 v 

loH High Level Output Current l l1N = 40µA 200 µA 
VoH = 10V 

l V1N = 0.5V 200 µA 

1, Input Current at Maximum Input Voltage V1N = 10V, lac= 20 mA 2.2 3.3 mA 

lss Current Into V58 Terminal ' 1 mA 

ac switching characteristics 

OS75491 (Vss = 7.SV, TA= 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPLH Propagation Delay Time, Low-to-High Level Output (Collector) v,H = 4.5V. Ve= o, 100 ns 

tPHL Propagation Delay Time, High-to-Low Level Output (C~llector) Re= 200.r!, Cc= 15 pF 20 ns 

DS75492 (V55 = 7.SV, TA= 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPLH Propagation Delay Time. Low-to-High Level Output v,H = 7.5V, Re= 39.ll, 300 ns 

tPHl Propagation Delay Time, High-to-Low Level Output ·Cc= 15 pF 30 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safetY of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not mearit to imply that the· devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual devfce .operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the 0575491 and DS75492. 
Note 3:All cu"rrents into device pins shown as positive. out of device pins· as negative, all voltages referenced to ground unless otherwise.' noted. Alf 
values shown as max or min on absolute value basis. 
Note 4: The input is the only device terminal which may be negative with respect to ground. 
Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 
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ac test circuits and switching time waveforms 

PULSE 
GENERATOR 

!NOTE 11 

0675491 

INPUT 

OUTPUT 

, 1.5V 

CL= 15pf 

r(NOTEZ) 

PULSE 
GENERATOR 

(NOTE H 

DS754S2 

--j f--s10 .. 
r.:,.,,,,,....-..,,.,.=-,;1.:.---1-- -------- V1H 

I I 
I I ..,,-1.---i 
I I 

I 
I 
I 

"""""'"-------uv 
----• ... 

I 

' '----f---'-+-------Vol 
I 

I I 
I I 

i--'""--l 

Note 1 : Tht pulse generator has the following characteristics: Zour = 5Dn, 
PRR = 100 kHz, fw = 1µs. 

Note 2: CL includes probe and jig clpacitance. 
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Interface Drivers 

DS75493 quad LED segment driver 

general description features 

• Low voltage operation The QS75493 is a quad u:D segment driver. It is 
designed to interface between MOS IC's and LED's. 
An external resistor is required for each segment to 
drive the output current which is approximately equal 
to 0. 7V /RL and is relatively constant, independent of 
supply variations. Blanking can be achieved by taking 
the chip enable (CE) to a logical "1" level. 

• Low input current for MOS compatibility 

• Low standby power 

• Display blanking capability 

• Output current regulation 

• Quad high gain circuits 

schematic and connection diagrams 

v,, 
111 

"' 
(4, 5, 12, 13) "' INPUT 

TO OTHER 
DRIVERS 

CHIP (g) 

ENABLE 

181 

"::" 

typical application 

CAlCULATOR 

OR OTHER--1 
CURRENT 

SOURCE 
OUTPUT 

v,, r - - - - - - - .., 
I Vss Vee RsET I 
I 
I IN 

CE 

L - - -"~'!..__ - - .J 

(2, 7, 10, 15) 

H - -~EXTERNAL 
SET CURRENT 

SET 
(J, S, ll, ~~.J RESISTOR 

lour 

LED DISPLAY 

0575494 DIGIT DRIVER 
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Dual-In-Line Package 

v,, RsET4 louT4 IN4 IN 3 lourJ 

16 13 

v,, RsET1 lour1 IN 1 IN 2 lour.2 

Order Number DS7~93N 
See Package 19 

truth table 

CE V1N louT 

0 1 ON 

0 0 OFF 

1 x OFF 

X = D~n't care 

RsET3 

RsET2 

CE 

GND 



absolute maximum ratings (Note 1) operating conditions 

Supply Voltage 
Input Voltage 

Output Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Output Current (louTI 

10V 
10V 

Vee 
+65uC to +150°C 

300°e 

--25mA 

I 
Supply Voltage 

Vee 

Vss 

Temperature, TA 

electrical characteristics (Vss:::: Vee) TA= 25°C (Notes 2 and 3) 

PARAMETER CONDITIONS 

l1N Input Current V55 =Max, V 1N == 8.8V, Vee== Open, VcE = OV 

louT = RsET@ OV, VcE ""'8.BV 

lcE Chip Enable Jnput Current Vcc=Max, Vss =Max, V cE = 8.BV, All Other Pins 

toGnd 

louT Output Current Vee·= Min, Yss = 6.5V, 

louT @ 2.15V, RL = 50'1 
lcE = SOµA, v,N = 6.5V 

Through 1.0 kD 

v cE = ov, v,N =a.av 
loc Output Leakage Current Vee= Min, VcE = OV 

lour= RsfT @OV, 
V1N = 8.BV Through 

Measure Current to Gnd, 
100 kr! 

Vss = 8.86 
Vee =·6.5V Through 

1.0kr!, VrN = 8.8V 

Ice Supp!y Current, V cc Vcc=Max, V55 =Max, All Other Pins to Gnd 

lss Supply Current Vee~ OV, AH Other Pins to Gnd 

louT @2.15V, VcE - 8.8V 

Through 100 kr!, 

Vee=- Min, Vee== 8.8V RL =son 
louT ""Open, RsET =Open, 

VcE = OV 

switching characteristics 

PARAMETER CONDITIONS 

tpd(OFFJ Propagation Delay to a Logical "O" {See AC Test Circuit) 

From lnput to Output 

tpel(ON) Propagation Oefay to a Logical "1" (See AC Test Circuit) 

From Input to Output 

MIN 

3.2 
6.5 

0 

MIN TYP 

-8 -13 

-16 

0.5 

MIN TYP 

170 

11 

MAX 

8.8 
8.8 

+70 

MAX 

3.2 

3.6 

2.1 

-20 

-100 

--200 

40 

40 

1.5 

1.4 

MAX 

300 

100 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cahnot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 9°c to +70°C range for the 0575493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all v0ltages referenced to ground unless otherwise 
noted. Al! vJlues shown as max or min on absolute value basis. 

ac test circuit switching time waveforms 

Vss Vee 
a.av 31V RsET RL " 50 
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Interface Drfvers 

MM54C48/MM74C48 BCD-to-7 segment decoder 

general description features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

3.0V to 15V 

1.0V 

0.45 Vee typ 
fan out of 2 
driving 74L 

The MM54C48/MM74C48 BCD to 7 segment decoder 
is a monolithic complementary MOS (CMOS) integrated 
circuit constructed with N- and P-channel enhancement 
transistors. Seven NANO gates and one .driver are con
nected in pairs to make binary-coded decimal (BCD) 
data and its complement available to the seven decoding 
AND-OR'INVERT gates. The remaining NANO gate and 
three input buffers provide test blanking input/ripple
blanking output, and ripple-blanking inputs. 

• High current sourcing output (up to 50 mA) 

connection diagram 

116 15 

r-

1 , 

Segment ldentifh::ation 

• Ripple blanking for leading or trailing zeros (optional) 

• Lamp test provision 

Dual-In-line Package 

OUTPUTS 

14 13 12 

'i 

3 4 5 

LAMP RB RB 
TEST OUTPUT/ INPUT 

BLANKING 
INPUT 

TOP VIEW 

11 10 

6 7 

D A 
"--v---' 

INPUTS 

' 

I-' 

T' 
GND 

Order Number MM54C48N 
or MM74C48N 
See Package 19 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM54C48 
MM74C48 

Storage Temperature Range 
Package Dissipation 
Operating V cc Range 
Absolute Maximum Vee 

-0.3V to Vee+ 0.3V 

-55°C to +125°C 
-40° C to +85° C 

-£5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

500mW 
3.0V to 15\l 

16V 
:300°c 

de electrical characteristics 
Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V 1N(l)) 

Logical "O" Input Voltage (V1Nto)l 

Logical "1" Output Voltage (V ouT1i)) 
(RB Output Only) 

Logical "O" Output Voltage (V OtJTIO)) 

Logical "1" Input Current (1 1N(i)l 

Logical "D" Input Current (1 1N1oil 

Supply Current (lccl 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V 1N(1I) 

Logical "O" Input Voltage (V 1N1o1l 

Logical "1" Output Voltage (VouT111l 
(RB Output Only) 

Logical "O" Output Voltage (V OUTIOI) 

) 

CONDITIONS 

Vee= 5.0V 
Vee= 10V 

Vee= 5.0V 
Vee= 10V 

Vee= 5.0V, 10 = -10µA 
Vee= 10V, 10 = -10µA 

Vee= 5.0V, 10 = +10µA 
Vee = 10V, 10 = +lOµA 

Vee= 15V, v,N = 15V 

,,Yee= 15V, v,N = OV 

Vee= 15V 

54C, V cc = 4.5V 
74C, Vee= 4.75V 

54C, Vee= 4.5V 
74C, V cc = 4. 75V 

54C, Vee= 4.5V, 10 = -50µA 
74C, Vee= 4.75V, 10 = -50µA 

54C, V cc = 4.5V, lo = 360µA 
74C, Vee= 4.75V, 10 = 36DµA 

OUTPUT DRIVE (See 54Cl74C Family Characteristics Data Sheet) 

Output Source Current (I sou Ree) 
(P·Channel) (RB Output Only) 

Output Sink Current (1 5 ,N K) 

(N-Channel) 

Output Sink Current Os1N K) 
(N-Channel) 

Output Source Current 
(NPN Bip~lar) 

Vee= 4.75V, VouT = 0.4V 

Vee= 5.DV, 
TA= 25°C 

Vee= 10V, 
TA = 25°C 

Vee= 5.0V, 
Vee¢ 5.0V, 
Vee= 1DV, 
Vee= 10V, 

VouT = 3.4 
VouT = 3.0 
VouT = 8.4 
VouT = 8.0 

MIN TYP MAX UNITS 

3.5 v 
8.0 v 

1.5 v 
2.0 v 

4.5 v 
.9.0 v 

0.5 v 
1.0 v 

0.005 1.0 µA 

-1.0 -0.005 µA 

0.05 300 µA 

Vec-1.5 v 
Vcc-1.5 v 

0.8 v 
0.8 v 

2.4 v 
2.4 v 

0.4 v 
0.4 v 

-D.80 mA 

1.75 3.6 mA 

8.0 16 mA 

20 50 mA 
65 mA 

20 50 mA 
65 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device ope ratio~. 

Note 2: Capacitance is: guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN·90. 
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ac electrical characteristics TA= 25°C, CL= 50 pF, unless otherwise specified. 

PARAMETER 

Propagation Delay to a ''1" or "O" on 
Segment Outputs from Data Inputs 

Propagation Delay to a ""O" on 
Segment Outputs from RB In put 

Propagation Delay to a "O" on 
Segment Outputs from Blanking Input 

Propagation Delay to a "1" on 

Segment Outputs from Lamp Test 

Propagation Deloy to a "'1 '"on RB 
Output from RB Input 

Propagation Delay to a ""O" on RB 
Output from RB Input 

typical applications 

CONDITIONS 

Vee= 5.0V 
Vee= lOV 

Vee= 5.0V 
Vee= lOV 

Vee= 5.0V 
Vee= lOV 

Vee= 5.0V 
Vee= 10V 

Vee = 5.0V 
Vee= 10V 

Vee= 5.0V 
Vee= lOV 

Typical Connection Utilizing the Ripple-Blanking Feature 

MIN TYP MAX 

450 1500 
160 500 

500 1600 
180 550 

350 1200 
140 450 

450 1500 
160 500 

600 2000 
250 800 

140 450 
50 150 

Blanking Input Connection Diagram 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

H-r 
r?~J. 

RBOIBlt--<9---

TO DISPLAY READOUTS 

(Firstthreestageswitlblankleadingzeros, the fourth 
stagewillnotblankzeros) 

Vee 

COMMON 
CATHODE LED 

~·-' MM74C906 L---1 
(When RBD/81 is forced low, all segrmmt outputs ate off 
regardlessofthestateofanyotherinputcond1tio11) 

Light Emitting Diode (LEO) Readout 

11-44 

COMMON 
ANODE LED 



typical applications (con't) 

Incandescent Readout 

*"'A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament 

Gas Discharge Readout 

truth table 
DECIMAL 

OR 
FUNCTION LT RBI 

0 H H 

1 H x 
2 H x 
3 H x 

4 H x 
5 H x 
6 H x 
7 H x 

B H x 
9 H x 

10 H x 
11 H x 

12 H x 
13 H x 
14 H x 
15 H x 

Bl x x 
RBI H L 

LT L x 

H =high level, L = low level, X =irrelevant 

APPAOPRMTE 
VOLTAGE 

INPUTS 

D c 

L L 

L L 

L L 

L L 

L H 

L H 

L H 

L H 

H L 

H L 

H L 

H L 

H H 

H H 

H H 

H H 

x x 
L L 

x x 

B A 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

L '-
L H 

H L 

H H 

L L 

L "' H L 

H H 

x x 
L L 

x x 

Bl/Reot 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

Fluorescent Readout 

DIRECT 
{LOW BRIGHTNESS) 

\lss OR APPROPRIATE 
':'VOLTAGE BELOWVss. 

Liquid Crystal (LC) Readout 

EXCITATION 
(SQUARE WAVE, 

Vee TO GND 

OirectdcdriveoflC'snotrecommendedforhfeofLC readouts. 

OUTPUTS NOTE 

' b ' d ' f ' 
H H H H H H L 1 

L H H L L L L 1 

H H L H H '- H 

H H H H L L H 

L H H L L H H 

H L H H L H H 

L L H H H H H 

H H H L L L L 

H H H H H H H 

H H H L L H H 

L L L H H L H 

L L H H L L H 

L H L L L H H 

H L '· H L H H 

L L L H H H H 

L L L L L L L 

L L L L L L L 2 

L L L L L L L 3 

H H H H H H H 4 

Note 1: The blanking input (Bl) must be open when output functions 0-15 are desired. The ripple-blanking input (RBI) must be high, if blanking 
of a decimal zero 1s not desired. 

Note 2: When a low logic level is applied directly to the bla~king input (Bl),, all segment outputs are low regardless of the level of any other input. 

Note 3: When ripple-blanking input (RBI) and inputs A, B, C, and Dare at a low level witti the lamp-test input high, all .segment outputs go low 
and the ripple-blanking output (RBO) goes to a low level (response condition). 

Note 4: When the blanking input/ripple-blanking output (81/RBO) is open and a low is applied to the lamp-test input. all segment outputs are high. 

t One Bl/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple~blanking output (RBO). 
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Interface Drivers 

MM54C915/MM74C915 7-segment-to-BCD converter 

general description 
The MM54C915/MM74C915 is a monolithic comple
mentary MOS (CMOS) integrated circuit, constructed 
with N and P-channel enhancement-mode transistors. 
This circuit accepts 7-segment information and converts 
it into BCD information. The true state of the Segment 
inputs can be selected by use of the Invert/Non-invert 
control pin. A logical "O" on the Invert/Non-invert 
control pin selects active high true decoding at the 
Segment inputs. A logical "1" on the Invert/Non-invert 
control pin selects active low true decoding at the 
Segment inputs. In addition to 4 TTL compatible BCD 
outputs, an Error output and Minus output are avail
able. The Error output goes to an active "1" whenever a 
non-standard 7-segment code appears at the Segment 
inputs. The BCD outputs are forced into a TRI-STATE® 
conditio,n when an error is detected. This allows the 
user to program his own error code by tying the BCD 
outputs to Vee or Ground via high value resistors 
(~ 500k). The BCD outputs may also be forced into 
TRI-STATE by a logical "1" on output enable (OE). 

logic and connection diagrams 

The Minus output goes to a logical "1" whenever a 
minus code is detected and is useful as a microprocessor 
interrupt. The BCD outputs are in a flow-though 
condition when Lati:;h Enable (LE) is at a logical "O", 
and latched when LE is at a logical "1". The inputs will 
not clamp signals to the positive supply, allowing simple 
level translation from MOS to TTL 

features 
• Wide supply range 

• High noise immunity 
• TTL compatible fan out 

• Selectable active true inputs 
• TRI-STATE outputs 

• On-chip latch 
• Error output 

• Minus output 

1------~ ><>---o M••us 

DECODING 
LOGIC 

oz' 

1------0 ~~!:~~ 

3V-15V 

0.45 Vee typ 
1 TTL load 

SEGME/\IT INPUTS INVERT MINUS 

118 17 16 

.-

1 1 3 

SEGMENT INPUTS 

a CONTROL OUT LE o>4 c1' 

15 14 13 12 11 10 

t--

~ 

4 5 6 1 B ,. 
-ERROR OE A 20 B 21 GNO 

OUT 

TOP VIEW 
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absolute maximum ratings 
Voltage at Any Output Vee - o.3V to Vee+ 0.3v Storage Temperature Range -i>5°e to +150°e 

Voltage at Any Input Vee - 0.3V to 1sv Package Dissipation 500mW 

Operating Temperature Range Operating Vee Range 3Vto 15V 

MM54e915 -55°e to +125°e Maximum Vee 18V 

MM74e915 -40°e to +85°e Lead Temperature, (Soldering, 10 seconds) 300°e 

de electrical characteristics Min/max limi.ts apply across temperature range unless otherwise n()ted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VtN(1) Logical "1" Input Voltage Vee= sv 3.3 4.5 v 

vee= 1ov B 9 v 

vec= 15v 12.5 13.5 v 

VtN(O) Logical "O" Input Voltage . vec= 5V 0.5 1.5 v 

Vee= 1ov 1 2 v 

Vee= 15v 1.5 2.5 v 

llN(1) Logical "1" Input Current VtN = 15V 0.005 1 µA 

ltN(O) Logical "O" Input Current VtN = OV -1 -0.005 µA 

VOUT(1) Logical "1" Ou.tput Voltage to= 10µA 

vcc= sv 4 .. 5 v 

Vee= 1ov 9 v 

vec = 15v 13.5 v 

VOUTIO) Logical "O" Output Voltage to= 10µA 

vcc= sv 0.5 v 

Vee= 1ov 1 v 

Vee= 15v 1.5 v 

tee Supply (;urrent vec= sv 0.25 0.75 mA' 

Vee= 10v 0.75 1.75 mA 

vcc=15v 1.00 2.25 mA 

CMOS/TTL INTERFAC.E 

VtN(1) Logical "1" t.nput Voltage 

MM54C915 vcc= 4.sv Vec;-1.7 v 

MM74C915 vec= 4.75V Vcc-1.7 v 

VtN(O). Logical "O" Input Voltage 

MM54C915 vcc= 4.sv 0.8 v 

MM74C915 Vee= 4.75V 0.8 v 

VouT(1) Logical "1" Output Voltage to =-360µA 

,MM54C915 Vee= 4.5v 2.4 v 
MM74C915 Vee= 4.75V 2.4 v 

VoUT(O) Logical "O" Output Voltage IQ= 1.6 mA 

MM54C915 Vee= 4.5v 0.4 v 

MM74e915 Vcc=4.75V 0.4 v 

OUTPUT DRIV.E 

I SOURCE Output Source Current TA= 25°C. Vo= OV, 

P-Channel (Note 2) 

Vee= sv -1.75 -3.3 mA 

Vee= 10v -B -1.5 mA 

Vee= 15v -15 -25 mA 

lstNK Output Sink Current TA= 25°e, Vo= Vee 

N-Channel (Note 2) 

vcc= sv 5 B mA 

vcc= 1ov 20 30 mA 

Vcc=·15v 30 50 mA 
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ac electrical characteristics TA=25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO· tpd1 Propagation Delay Time to CL= 50 pF 

Logical "O" or a Logical "1" Vee= 5V 500 1000 ns 

Vee= 1ov 300 600 ns 

Vee= 15v 300 600 ns 

toH. t1 H Propagation Delay Time From RL = lOk, CL= 10 pF 

Logical "O" or Logical "1" Vee= 5V 110 200 ns 

into High Impedance State Vee= 1ov 75 130 ns 

Vee= 15V 60 110 ns 

tHO· tH1 Propagation Delay Time From RL = 10k,CL = 50pf 

High Impedance State to a vcc = 5V 150 250 ns 

Logical "O" or Logical "1" Vee= 1ov 80 140 ns 

Vee= 15v 70 125 ns 

ts Input Data Set-Up Time CL= 50 pf 

vcc = 5V 500 1000 ns 

Vee= 10v 300 600 ns 

vcc = 15v 300 600 ns 

tH Input Data Hold Time CL= 50 pf 

Vee= 5V -150 0 ns 

vcc = 1ov -100 0 ns 

Vee= 15V -100 0 ns 

C1N Input Capacitance Any Input, (Note 3) 5 7_5 pF 

couT TRI-STATE Output Capaci- Any Output, (Note 3) 10 pF 

ta nee 

Note· 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range'.' they are not meant to imply that the devices should be operated at these limits. The-table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: These specifications apply to transient operation. It is not meant to imply that the device should be operated at these limits i.n sustained 
operation. 

Note 3: Capatitance is guaranteed by periodic testing. 

truth table CHARACTER BCD OUTPUTS NON·BCD 
AT SEGMENT D c B A OUTPUTS 

INPUTS 23 22 21 20 ERROR MINUS 

D 0 0 0 0 0 0 

~ 0 0 0 1 0 0 

~ 0 0 0 1 0 0 

2 0 0 0 0 0 SEGMENT IDENTIFICATION 

3J 0 0 1 1 0 0 
y 0 0- 0 0 0 f~~~b s 0 0 1 0 0 

ti 0 0 0 0 

·~:~c b 0 d 0 0 

1 0 1 0 0 

8 0 0 0 0 0 
g 0 0 0 0 
rq 0 0 0 0 

1 1 0 0 

x x x x 
All other input x x x x 0 

combinations x x x x 0 

X = repre_sents "f:,R I-STATE condition 
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typical applications 

Multiplex 7-Segment to Straight BCD 

LSI PART 
W/MUL TIPLEXED 

7-SEGMENT 
INFORMATION 

SEGMENT INFORMATION 

n OIGIT LINES 
1 OF n 

MULTIPLEXER 

u 
OIGIT 

SELECT 

SEG 
INPUTS OUTP~~~ STRAIGHT BCD 

MM54C915 

LATCH 
ENABLE 

-----+ MINUS 

-----•ERROR 

Memory Expansion from ?·Segment Outputs 

START-----+ 

STOP 

LSI PART 
W/MUL TIPLEXEO 

7-SEGMENT 
INFORMATION 

2• 
COUNTER 

2m 
COUNTER 

SEGMENT INFORMATION 

1 OF n 
MULTIPLEXER 
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Displays 

NSA1100 Series 0.100 inch 9 digit LED display 

general description 
The NSA 1100 Series uses monolithic digits and can have 
up to nine digits. These devices are common cathode 
GsAsP LED, with a nominal 0.100 inch character height. 
Each digit comprises 7-segments with a right hand deci
mal point. Eight inputs are provided for selection of the 
appropriate segments and decimal (anodes) and separate 

applications 
• Hand held calculators 
• Desk calculators 
• Digital instruments 
• Industrial controls 
• Data terminals 
• Instrumentation · inputs for digit (cathodes) selection. The anodes are 

internally interconnected for multiplexing. Simple 
interface circuits may be used for TTL, ·DTL, or MOS 
operation. 

• Electronic test and measurement equipme.nt 

The clear lens of the display package provides excellent 
light transmission and ease of visibility over a wide angle. 
The package is also designed to be readily incorporated 
into the system. PC board type terminals allow easy con
nection by wire or pin soldering or with cardedge 
connector. The thin package allows significant size 
reduction for high density electronic equipment. These 
devices are designed to be used with a clear red filter. 

absolute ratings 
Average Current per 

Segment 
Peak Current per Segment 
Reverse Voltage 
Digit Current Pulse Width 
Operating and Storage 

Temperatures 
Relative Humidity at +35°C 
Terminal Temperature 

(Soldering, 5 seconds) 

electric a I and optical characteristics TA= +25°C Room Temperature 

PARAMETER CONDITIONS MIN TYP 

Segment light Intensity (Peak) 2.5 mA/Segm. Peak 0.16 0.37 

Digit light Intensity (Peak) 2.5 mA/Segm. Peak 1.28 2.96 

Segment Forward Voltage 5.0 mA/Segm. de 1.65 

Reverse Voltage 100µA/Segm. 3.0 8.0 

Intensity Matching ±33 

Peak Wavelength 660 

Spectral Width, Half-Intensity 40 

Viewing Angle, Off Axis, Horizontal 19 

Viewing Angle, Off Axis, Vertical 19 
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0.25 mA min, 7.0 mA max 
2.5 mA !"flin, 70 mA max 

3.0V max 
1.0 ms max 

MAX 

2.0 

-20°c to +70°C 
98%.max 

230°C max 

UNITS 

med 

med 

v 

v 

% 

nm 

nm 

degrees 

degrees 



custom options NSA11XX 

• Number of digits, 6-9 

• Number of decimal points, maximum of 9 

• Minus signs can be substituted in place of any digit 
Address line will be Segment G 

• A decimal point can be substituted for any digit 'and 
placed in any segment position (Will be electrically 
connected to that segment address line) 

• For all variations from the standard products it is 
recommended the factory be contacted 

recommended display 
array processing 

The NSA 1100 Series displays are constructed on· a stan
dard printed circuit board substrate and covered with a 
plastic lens. 

The edge connectors tab will stand a temperature of 
230° C for 5 seconds. 

standard digit positio11s 

The display lens area must not be elevated in tempera
ture above 70°C. To· do so will result in permanent 
damage to the display. 

It is reco,nmended that the back of the display be 
masked off with low tac masking tape during flux and 
clean operations, to prevent condensation of flux or 
cleaner on the underside of the lens. 

Only rosin core solder, solid core solder and low temper
ature deactivating flux are recommended. Recom
mended post solder clean solvents are Freon TF, 
lsopropanol, Methanol or Ethylene. These solvents are 
recommended only at room temperature and short time 
periods. 

The use of other solvents or elevated temperature use of 
the recommended solvents may cause permanent damage 
to the lens or the display. 

There are a number of edge connectors which can also 
be used with these displays. 

NSA1166 

10 11 12 13 14 15 16 17 18 

NSA1178* 

10 11 12 13 14 15 16 17 18 

*Built on special order only. Use NSA 1198 for small quantity requirements. 
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in 
G) 

·~ standard digit positions (con't) 
U) 

0 
0 
.- NSA1188* 

Ci 
en 
z 

connections table 

PIN CONNECTIONS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

*Digit 4 only 

10 11 12 13 14 15 16 17 18 

NSA1198 

10 11 12 13 14 15 16 17 18 

*Built on special order only. Use NSA 1198 for small quantity requirements. 

NSA1166 NSA1178 NSA 1188 NSA1198 

NC NC NC NC 

NC NC NC Digit 1 

Segment C Segment C Segment C Segment C 

NC Digit 1 Digit 1 Digit 2 

D.P.* D.P. D.P. D.P. 

Digit 1 Digit 2 Digit 2 Digit 3 

Segment A Segment A Segment A Segment A 

Digit 2 Digit 3 Digit 3 Digit 4 

Segment E Segment E Segment E Segment E 

Digit 3 Digit4 Digit 4 Digit 5 

Segment D Segment D Segment_ D Segment D 

Digit 4 Digit 5 Digit 5 Digit 6 

Segment G Segment G Segment G Segment G 

Digit 5 Digit 6 Digit 6 Digit 7 

Segment B Segment B Segment B Segment B 

Digit 6 Digit 7 Digit 7 Digit 8 

Segment F Segment F Segment F Segment F 

NC NC NC Digit 9 
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ANODE OR CATHODE 

No Connection 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 

Anode 

Cathode 



physical dimensions (Typical for all NSA1100 Series Displays) 

0.07 DIA 
(PAO, 18 PLACES) 

~---------~2.00------------1 

1------------1.98 

0 06 
TVP 

--- --5 .. TVP 

w LJ 

Note 1: Material: G-10 circuit board, natural or apprnved equivalent 
Note 2: All dimtnsions in inches 
Nute 3: Nine digits an 0.200 centers 

Order Numbers NSA1166, NSA 1178*, NSA 1188* or NSAl 198 
Special Numbers are Assigned for Custom Units NSA 1XXX 

*Special Order Only 
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NSA1298 0.110 inch 9 digit LED display 

general description 
The NSA 1298 is a monolithic, nine digit common 
cathode G$AsP LED, numeric display, with a nominal 
0.110 inch character height. Each digit comprises 7 seg
ments with a right hand decimal point. Eight inputs are 
provided for selection of the appropriate segments and 
decimal (anodes) and nine inputs for digit (cathodes) 
selection. The anodes are internally interconnected for 
multiplexing. Simple interface circuits may be used for 
TTL, DTL, or MOS operation. 

The clear lens of the display package provides excellent 
light transmission and ease of visibility over a wide angle. 
The package is also designed to be readily incorporated 
into the system. PC board type terminals allow easy con
nection by wire or pin soldering or with cardedge con· 
nector. The thin package allows significant size reduc
tion for high density electronic equipment. 

Displays 

applications 
• Hand held calculators 
• Desk calculators 

• Digital instruments 

• Industrial controls 
• Data terminals 

• Instrumentation 
• Electronic test and measurement equipment 

absolute ratings 
Average Current per Segment 
Peak Current per Segment 
Reverse voltage 
Digit Current Pulse Width 
Operating and Storage 

Temperatures 
Relative Humidity at +35°C 
Terminal Temperature 

(Soldering, 5 seconds) 

0.3 mA min, z.o mA max 
3.0 mA min, 70 mA max 

3.0V max 
1.0 ms max 

-20°C to +70°C 
98% 

230°C max 

electrical and optical. characteristics TA = +2s0 c Room Temperature 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Segment Light Intensity (Peak) 3.0 mA/Segm. Peak 0.10 0.23 med 

Digit Light Intensity (Peak) 3.0 mA/Segm. Peak 0.80 1.84 med 

Segment Forward Voltage 5.0 mA/Segm. de 1.65 2.0 v 
Reverse Voltage 100µA/Segm. 3.0 8.0 v 
Intensity Matching ±33 % 

Peak Wavelength 660 nm 

Spectral Width, Half-Intensity 40 nm 

Viewing Angle, Off Axis, Horizontal 21 degrees 

Viewing Angle, Off Axis, Vertical 22 degrees 
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custom options NSA12XX 

• Number of digits, 6-9 
• Number of decimal points, maximum of 9 

• Minus signs can be substituted in place of any digit 
Address line will be Segment G 

• A decimal point can be substituted for any digit and 
placed in any segment position. (Will be electrically 
connected to that segment address line) 

• For all other variations it is recommended the factory 
be contacted 

recommended display 
array processing 

The NSA 1298 display is constructed on a standard 
printed circuit board substrate and covered with a plastic 
lens. 

The edge connectors tab will stand a temperature of 
230° C for 5 seconds. 

The display lens area must not be elevated in tempera
ture above 70°C. To do s.o will result in permanent 
damage to the display. 

It is recommended that the back of the display be 
masked off with low tac masking tape during flux and 
clean operations, to prevent condensation of flux or 
cleaner on the underside of the lens. 

Only rosin core solder, solid core solder and low temp
erature deactivating flux are recommended. Recom
mended post solder clean· solvents are Freon TF, 
lsopropanol, Methanol or Ethylene. These solvents are 
recommended only at room temperature and short time 
periods. 

The use of other solvents or elevated temperature use of 
the recommended solvents may cause permanent damage 
to the lens or the display. 

physical dimensions and pin connections 

Pin Connections 

Pin1 NC Pin 10 Digit5Cathode 
Pin2 Digit 1 Cathode Pin11 Segment D Anode 
Pinl SegmentCAnode Pili 12 Oigit6C11thode 
Pm4 Digit2 Cathode Pin l:J. Segment G Anode 
Pin5 Segment OP Anode Pin 14 Digit 7 l:atftode 
Pin6 Digit3Cathode Pin15 SegmentB Anode 
Pin7 Segment A Anode Pin 16 Digit8Cathode 
Pin8 Oigit4Cathmle Pin17 SegmentFAnode 
PinS SegmentEAnode Pin18 Oigit9C<rthode 

r------ ----1.98--1 ------1 
I 0.07 _ I~ - 1_5"TYP I TYP 

1 

I 
0.72 

I 
! 

0.33 

l 11.07 

----t---V-1 1 2 ] 4 5 fi 10 11 12 13 14 15 

0.07DIA I 
(PA0,18PLACES) ---------17SPACES@0.10=1.70 -----

!------.. --

LJ 

----- -· 2.00 

LJ 
Note 1~ Material: G•lil circ1dt board, natur1I or appro'lt!li 1qui11alent 
Note 2: AU dimensions in inches 
Note]: Nine digitsonO.ZOOcenters 
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NSA5120 1/8 inch 12 digit LED display 

general description 
The NSA5120 is a twelve monolithic digit common 
cathode GaAsP, LED, numeric display, with a nominal 
1/8 inch character height. Each digit comprises seven 
segments with a right hand .decimal point. Eight inputs 
are provided for selection of the appropriate segments 
and decimal (anodes) and twelve inputs for digit 
(cathodes) selection. The anodes are internally inter
connected for multiplexing. Simple interface circuits 
may be used for TTL, DTL, or MOS operation. 

The clear lens of the display package provides excellent 
light transmission and ease of visibility over a wide 
angle. The package is also designed to be readily incor
porated into the system. PC board type terminals allow 
easy connection by wire or pin soldering or with a card: 
edge connector. The thin package allows significant size 
reduction for high density electronic equipment. 

The excellent aspect ratio of the digit (0.110 x. 0.070) 
affords added versatility for the designer to further . 
magnify the display digit height. 

Displays 

applications 
• Hand held calculators 
• Desk calculators 
• Digital instruments 
• Industrial controls 
• Data terminals 
• Instrumentation 
• Electronic test and measurement equipment 

absolute ratings 
Average Curr~nt per Segment 
Peak Current per Segment 
Reverse Voltage 
Digit Current Pulse Width 
Operating and Storage 

Temperatures 
Relative Humidity at +35°C 
Terminal Temperature 

(Soldering, 5 seconds) 

0.5 mA min, 20 mA max 
7.0 mA min, 70 mA max 

3.0V max 
1.0 ms max 

-20°C to +70°C 
98% max 

230°C max 

electrical and Optical characteristics TA ~ +25°C Room Temperature 

PARAMETER CONDITIONS 

Segment Light Intensity (Peak) 7.0 mA/Segm. Peak 

Segment Forward Voltage 7.0 mA/Segm. DC 

Reverse Voltage 100µA/Segm. 

Intensity Matching 

Peak Wavelength 

Spectral Width, Half-Intensity 

Viewing Angle, Off Axis, Horiz. 

Viewing Angle, Off 1\xis, Vert. 

typical performance characteristics (25°CJ 

Light Intensity vs 
Ambient Temperature 

l 200 f---+--+--t--+-· +--

;:: ' ! 150 ~f"'-.- --t--

~ 100 1---+--<b-.. __ ..,~---+--+---l 
~ I I~ 
- 50 f---+-+--'-1--+--i-='"'-l 

01--~-~-~~-~~ 

-50 50 100 

TEMPERATURE ('C) 

Forward Current vs 
Forward Voltage 

70 ~~~-~~-~~~ 

60 

50 

20 

10 

ALL SEGMENTS ANO OP 
PULSED 0.7 ms PULSE 
WI OTH 6.25% DUTY 
CYCLE 

1.0 1.5 2 0 

FO AWARD VO l TAG E (VI 
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2.5 

MIN TYP MAX UNITS 

0.15 0.45 med 

3.0 

1.8 2.0 v 
8.0 v 

±33 % 

660 nm 

40 nm 

25 degrees 

34 

Average Light I otensity vs 
Average Forward Current 

degrees 

o.30 ~~~~-~~L~~~, 

! 0.25 >---+--+--+-iz:t-.Ll~__,t---+-·-i 

~ 0.20 ~ 
~ f-+---+-~-f--+---+---+-
g 0 15 >---+--JLt-j,,__,_. -t---+--+---t---1 

: 0.10 >--.+--,_,_t---T-+-----+--+-t---+---< 

~ ~ 0.05 f---j ALL SEGMENTS ANO DP PULSED 
17 0.7 ms PULSE WIOTH 6.25% DUTY 
r' CYCLE 

1.0 2.0 J.O 4.0 5.0 6.0 7.0 80 

AVG. FORWARO CURRENT PER SEGMENT lmA) 



custom options NSA51XX 
Custom options are available as follows: 

• Minus signs can be .substituted in place of any digit. 
Address line will !Je Segment G. 

• A decimal point can be substituted for any digit and 
placed in any segment position. (Will be electrically 
connected to that segment address line.) 

• For all other variations it is recomme.nded the fac.tory 
be contacted. 

recommended display 
array processing 
The NSA5120 display is constructed on a standard 
printed circuit board substrate and covered with a 
plastic lens. 

The edge connectors tab will stand a temperature of 
230° C for 5 seconds. 

The display lens area must not be eleva.ted in temperature 
above 70°C. To do so will result in permanent damage to 
the display. 

Since the display is not hermetic, immersion of the 
entire package during flux and clean operations may 
cause condensation of flux or cleaner on .the underside 
of the lens. It is recommended that only the edge 
connectors be immersed. 

Only rosin core solder, solid core solder an~ low 
temperature deactivating fluxs are recommended. Recom
mended post sold.er clean solvents are Freon TF, 
lsopropanol, Miethanol or Ethylene. These solvents are 
recommended on.Iv at room temperature an_d short 
time periods. , 

The use of other solvents or elevated temperature use 
of the recommended solvents may cause permanent 
damage to the lens or the display. 

typical drive circuit 

SEGMEN~·~~c~::{ ~~~~~~~~11111 

physical dimensio~s and pin connections 

SIDEVIEW 

Note 1: Mlttriill FR-4 circuit board, n1tur1I Dr approved equiv. 

Note 2: AU dimtnsiou in incha. 
Nata 3: F ourtllll digits on D.15D centers 

Ord~r Number NSA5120 for 12·Digit Unit 
Special Numbers are Assign~d for Custom Units NS.A51 XX 

D.MDIA 
UPlACE~ 

END VIEW 

Pin Co~neCtions 
PIN.1 NC 

PIN 2 DIGIT 1 CATHOIJE 
PIN l DIGIT 2 CATHODE 
PIN 4 DIGIT 3 CATHODE 
PIN 5 SEGMENT C ANODE 
PIN 6 DIGIT 4 CATHODE 
PIN 1 ,SEGMENT DP ANODE 
PIN 8 DIGIT !i CATHODE 
PIN 9 SEGMENT A ANODE 
PIN 10 DIGIT 6 CATHODE 
PIN 11 'SEGMENT E ANODE 
P~N 12 DIGIT 7 CATHODE . 
PIN '3 SEGMENT D ANODE 
PIN 14 DIGIT 8 CATHODE 
PIN 15 SEGMENT G ANODE 
PIN 16 DIGIT 9 CATHODE . 
PIN 17 SEGMENT B ANODE 
PIN 18 ,~UUT 10 CATHODE 
PIN 19 SEGMENT F ANODE 
PIN 20 DIGIT 11 CATHODE 
PIN 21 DIGIT 12 CATHODE 
PIN22 NC 

Segment Oasi.gnation 

A 

.r-:""fa 
·I D ,~ 

DP 

ALL DIGITS ON 0.150 INCH CENTERS 

z 
t/) 
)> 

~ 
N 
0 



0 
"l:f' ... 
Ln 
ct 
(/) 

z 

Displays 

NSA5140 1/8 inch 14 digit LED display 

general description applications 
• Hand held calculators 
• Desk calculators 
• Digital instruments 
• Industrial controls 
• Data terminals 
• Instrumentation 

The NSA5140. is a fourteen 111onolithic digit co111111on 
cathode GaAsP, LED, numeric display, with a r)ominal 
1/8 inch character height. Each digit comprises seven 
segments with a right hand decimal point. Eight inputs 
are provided for selection of the appropriate segments 
and decimal (anodes) and fourteen inputs for digit 
(cathodes) selection. The anodes are internally inter· 
connected for multiplexing. Simple interface circuits 
may be used for TTL, DTL, or MOS operation. 

• Electronic test and measurement equipment 

The clear lens of the display package provides exc.ellent 
light transmission and ease of visibility over a wide 
angle. The package is also designed to be readily incor· 
porated into the system. PC board type terminals allow 
easy connection by wire or pin soldering or with a card
edge connector. The thin package allows significant size 
reduction for high density electronic equipment. 

The excel lent aspect ratio of the digit (0.11 0 x 0.070) 
affords added versatility for the designer to further 
magnify the display digit height. 

absolute ratings 
Average Current per Segment 
Peak Current per Segment 
Reverse Voltage 
Digit Current Pulse Width 
Operating and Storage 

Temperatures 
Relative Humidity at +35°C 
Terminql Temperature 

(Soldering, 5 seconds) 

electrical and optical characteristics TA = +25°C Room Temperature 

PARAMETER CONDITIONS MIN TYP 

Segment Light Intensity (Peak) 7.0 mA/Segm. Peak 0.15 0.45 

Segment Forward Voltage 7.0 mA/Segm. DC 1.8 

Reverse Voltage 100µA/Segm. 3.0 8.0 

Intensity Matching ±33 

Peak Wavelength 660 

Spectral Width, Half-Intensity 40 

Viewing Angle, Off Axis, Horiz. 25 

Viewing Angle, Off Axis, Vert. 34 

typical performance characteristics (25°ci 

0.5 mA min, 20 mA max 
7.0 mA min, 70 mA max 

3.0V max 
1.0 ms max 

-20°c to +70°C 
98% max 

230°c·max 

MAX UNITS 

med 

2.0 v 

v 

% 

nm 

nm 

degrees 

degrees 

Light Intensity vs 
Ambient Temperature 

Forward Current vs 
, Forward Voltage 

Average Light Intensity vs 
Average Forward Current 
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~ 
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c 

" > 
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50 c 
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0 !r 
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custom options NSA51XX 
Custom options are available as follows: 

• Number of digits, 9 through 14. 

• Number of decimal. points. Maximum of 14. 
• Minus signs can be substituted in place of any digit. 

Address line will be Segment G. 

• A decimal point can be substituted for any digit and 
placed in any segment position. (Will be electrically 
connected to that segment address line.) 

• For all other variations it is recommended the factory 
be contacted. 

recommended display 
array processing 
The NSA51'40 display is constructed on a standard 
printed circuit board substrate and covered with a 
plastic lens. 

The edge connectors tab will stand ~ temperature of 
230°C for 5 seconds. 

The display lens area must not be elevated in temperature 
above 70°C. To do so will result in permanent damage to 
the display. 

It is recommended that the back of the display be 
masked off with low tac masking tape during flux and 
clean operations, to prevent c~ndensation of flux or 
cleaner on the underside of the lens. 

Only rosin core solder, solid core solder and low 
temperature deactivating fluxs are recommended. Recom
mended post solder clean solvents are Freon TF, 
lsopropanol, Miethanol or Ethylene. These solvents are 
recommended only at room temperature and short 
time periods. 

The use of other solvents or elevated temperature use 
of the recommended solvents may cause permanent 
damage to the lens or the display. 

typical drive circuit 

physical dimensions and pin connections 

T 

I 

SID£VIE'll' 

Note 1: Material: G·10circuitboard,natural or approved equiv. 

Note2:Alldimensionsininches. 

Notel: Fourteen digitson0.150centers 

Order Number NSA5140 for 14 Digit Unit 

' '-~00401A 
22PLACES 

Special Numbers are Assigned for· Custom Units NSA51XX 

12·11 

O.()d ·~' l-

~ ·~ 
! 

--! f--o.os 

Pin Connections 

PIN 1 DIGIT 1 CATHODE 
PIN 2 DIGIT 2 CATHODE 
PIN 3 DIGIT J CATHODE 
PIN 4 DIGIT 4 CATHODE 
PIN 5 SEGMENT C ANODE 
PIN 6 DIGIT 5 CATHODE 
PIN 7 SEGMENT DP ANODE 
PIN 8 DIGIT 6 CATHODE 
PIN9 SEGMENT A ANO DE 
Pllll 10 DIGIT 1 CATHODE 
PIN 11 SEGMENT EA.NOOE 
PIN 12 DIGIT 8 CATHODE 
PIN 13 SEGMEN1 D ANODE 
PIN 14 DIGIT 9 CATHODE 
PIN 15 SEGMENT G ANODE 
PIN 16 DIGIT 1Q CATHODE 
PIN 17 SEGMENT B ANDDE 
PIN 18 DIGIT11 CATHODE 
Pllll 19 SEGMENT F ANODE~ 
PIN 20 DIGIT 12 CATHODE 
PIN 21 DIGIT 13 CATHODE 
PIN 22 OIGIT 14 CATHODE 

Segment Designation 
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Displays 

NSB5917, NSB5921. NSB5922 0.5 inch 5 digit numeric displays 

general description 

The 5900 series of GaAsP LED reflective displays from 
National Semiconductor represent the latest in design 
advances to provide you with an effective, easy to 
implement answer to the need for an inexpensive large 
numeric display, 

Versatility is offered with both common anode 
(NSB5922) and common cathode (NSB5921) .multi
plexed versions for 5 full digits and an option of direct 
drive overflow/polarity indication with 4 digits in a 
common anode multiplexed format (NSB5917). Elec
trical connection is by PCB type terminals on the edges 
of the display. 

The optical design of this display series creates a dis
tinct, easy to read display with wide viewing angle, 
excellent "ON-OFF" contrast, and segment uniformity. 

applications 

• Test and measurement equipment 

• Consumer products 

• Industrial controls 

• Desk top calculators 

• Digital 'instruments 

absolute ratings 

Average Current Per Segment 
Peak Current Per Segment 
Reverse Voltage Per Segment 
Operating and Storage 

Temperature 
Relative Humidity at 35°C 

20 mA max 
75 mA max 

3V min 

-20°c to +70°C 

Terminal remperature (Soldering, 5 seconds) 
98% 

230°C 

recommended display processing 

The multi-digit series display is constructed on a 
standard printed circuit board substrate and covered 
with a plastic lens. The edge connector tab will stand a 
temperature of 230°C for 5 seconds. The display lens 
area must not be elevated in temperature above 70°C. 
To do so will result in permanent damage to the display. 
Since the display is not hermetic, immersion of the 
entire package during flux and clean operations may 
cause condensation of flux or cleaner on the underside 
of the lens. It is recommended that only the edge con
nectors be immersed. Only rosin core solder, solid core 
solder, and low activity organic fluxes are recommended. 
Cleaning solvents are Freon TF, Jsopropanol, Methanol, 
or Ethanol. These solvents are recommended only at 
room temperature and.for short time periods. The use of 
other solvents or elevated temperature use of the 
recommended solvents may cause permanent damage to 
the lens or display. 

electrical and optical characteristics (25°c) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Segment Light Intensity (Peak) 10 mA/Segment Average 0.10 0.20 med 

Digit and D.P. Light Intensity (Peak) 10 mA/Segment Average 0.80 1.6 med 

Segment Forward Voltage 10 mA/Segment Peak 1.7 2.0 v 

Segment Reverse Voltage 100 µA/Segment 3.0 8.0 v 

Peak Wavelength 660 nm 

Spectral Width, Half-Intensity 40 nm 

Viewing Angle, Off Axis 60 degrees 

Intensity Matching 10 mA/Segment Average ±33 % 
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pin connections 
NSB5917 

PIN NO. 
ELE.CTRICAL 
CONNECTION 

1 Digit 1 Anode H 
2 Digit 1 Cathode H 
3 Digit 1 Anode J 
4 Digit .1 Cathode J 
5 Digit 1 Cathode G 
6 Digit 1 Anode G 
7 Digit 1 Anode O.P. 
8 Digit 1 Cathode D .P. 
9 Digit 1 Cathode C 

10 Digit 1 Anode C 
11 Digit 1 Cathode B 
12 Digit 1 Anode B 
13 Digit 2 Anode 
14 Digit 3 Anode 
15 Cathode G 
16 Cathode F 
17 Cathode E 
18 Cathode D 
19 Digit 4 Anode 
20 Digit 5 Anod,e 
21 Cathode D .. P. 
22 Cathode C 
23 Cathode B 
24 Cathode A 

NSB5921 

PIN NO. 
ELECTRICAL 
CONNECTION 

1 Anode G 
2 Ar.ode F 
3 Anode E 
4 Anode D 
5 Anode A 
6 Anode C 
7 Anode B 
8 NC 
9 Anode D.P. 

10 Light Sensor 
11 Light Sensor 
12 Cathode 1 
13 Cathode 2 
14 Cathode 4 
15 Cathode 5 
16 Cathode 3 

physical dimensions and display capability outline 

:-------- - --

fl6D(l 2.400 
4SPACESt' 15}4 · 6Q."% 

11-. ----t---- DECJMALPOIU I /-!i9LAtES 

______________ I -

I 

NSB5917 

I . r----

I __ - rnoa T~L. ~G~·ACC1UPll 

(IS_ll 

NSB5921, NSB5922 
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NSB5922 

PIN NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

U.lfiO 
:t9.JI 

ELECTRICAL 
CONNECTION 

Cathode G 
Cathode F 
Cathode E 
Cathode D 
Cathode A 
Cathode C 
Cathode B 
NC 
Cathode D .P. 
Light Sensor 
Light Sensor 
Anode 1 
Anode 2 
Anode 4 
Anode.5 
Anode 3 
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Displays """ x' "' ~ ~ -
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multidigit LED numeric series 

general description 
Multidigit GaAsP LED reflective displays from National 
Semiconductor, represent the latest in design advances 
in 0.3", 0.5" and 0.7" formats. The series provides the 
designer with an effective, easy to implement answer to 
the need for an inexpensive large numeric display. 

Basically 2-digit and 4-digit displays, the units are end 
stackable for applications requiring additional. digits. 
When combined with the options for overflow, polarity 
and other indications, virtually all display requirements 
can be satisfied. Versatility is offered the designer with 
direct drive and multiplex versions in both the common 
anode and common cathode forms. Electrical contact 
is by PCB type terminals on the edges of the display. 

The optical design of this display series; creates a distinct 
easy-to-read display with a wide viewing angle, excellent 
"ON-OFF" contrast and segment uniformity. 

~v -~" i 
•••••• 1! .. ••'-•• .. ••)f 

applications 
• Test and measurement equipment 

• Consumer products 

• Instrumentation 

• Industrial controls 

• Digital instruments 

• D~sk top calculator 

• Clocks 
• Elevator floor indicator 

• TV channel indicator 

absolute ratings 
Average Current/Segment 
Peak Cur.rent/Segment 
Reverse Voltage/Segment 
Operating and Storage Temperature 
Relative Humidity at 35°C 

20mA max 
75mA max 

3.0Vmax 
-20°C to +70°C 

98% 
Terminal Temperature (Soldering, 5 seconds) 230°C 

electrical and optical characteristics TA~ 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Segment Light Intensity (Peak) 10 mA/Seg. Peak 0.10 0.20 med 

Digit and D.P. Light Intensity (Peak) 10 mA/Seg. Peak 0.80 1.6 med 

Segment Forward Voltage 10 mA/Seg. Peak 1.7 2.0 v 

Segment Reverse Voltage 100µA/Seg. 3.0 8.0 v 
Peak Wavelength 660 nm 

Spectral Width, Half-Intensity 40 nm 

Viewing Angle, Off Axis 60 degrees 

Intensity Matching 10 mA/Seg. Avg. ±33 % 
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recommended display processing 
The multidigit series display is constructed on a standard 
printed circuit board substrate and covered with a 
plastic lens. The ·edge connector tab will stand a temper
ature of 230°C for 5 seconds. The display lens area must 
not be elevated in temperature above 70°C. To do so 
will result in permanent damage to the display. Since the 
display is not hermetic, immersion of the entire package 
during flux and clean operations may cause condensa
tion of flux or clean.er on the t.inderside of the lens. It is 

recommended that only the edge connectors be immersed. 
Only rosin core solder, solid core solder, and low activity 
organic fluxes are recommended. Cleaning solvents are 
Freon TF, lsopropanol, Methanol, or Ethanol. These 
solvents are recommended only at room temperature 
<ind for short time periods. The use of other solvents or 
elevated temperature use of the recommended solvents 
may cause permanent damage to the lens or display. 

available display formats (Dual Digits) 

DIGIT 
SIZE 

l 7,, .. 1 

'-' 

CODE 

NSNX 

FORMAT 

+I Cl 
/.U. 

CIC/ 
L7 Li 

CIC/ 
Cl.Cl. 

physical dimensions 

CODE 

x 

DRIVE 

10 mA COMMON 
CATHOOE

MULTIPLEXED 

1DrnA COMMON 
ANODE

MULTIPLEXED 

111 mA COMMON 
CA.THODE·

DIREGT 

1DmA COMMON 
ANOOE

DIRECT 

I 
__ t_ 
I c ~L-;;/;.~~ 
I ~I i: 

L_~ 

CODE 

x 

-l ~ 
_j_~ 

~ MAXJ 1-
*Pin 1 as shown; pin out follows counterclockwise 

DIMENSIONS 

DIGIT 
A B c D E F G H 

SIZE 

0.3 0.85 0 .. 8 0.175 0.3 0.4 5' 0.5 0.225 
0.5 1.05 1.0 0.175 0.5 0.5 10° 0.7 0.28 
0.7 1.25 1.2 0.180 0.7 0.6 10° 0.89 0.3 
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DEVICES.CURRENTLY 
AVAILABLE 

I 

NSN334 

NSN381 

NSN382 

NSN373 

NSN374 

NSN534 

NSN581 

NSN582 

NSN583 

NSN584 

NSN734 

NSN781 

NSN782 

NSN783 

NSN784 

0:188 
0.3 
0.38 

+/.8. 
BB 
8.8. 
nn 
CIC/ 

nn 
CIO 

I Cl +-1.r::.1. 
nn 
O.C/. 
nn 
Cl.CJ. 

nn
Cl.D. 

1-1,-, 
CJ.CJ. 

+fB. 
88. 
no 
Ci.LI. 

8.B 
,-,,-, 
Ci.Cl. 

3: 
c 
;:; 
a: 
cS' 
;:+' 

r
m 
c 
z 
c 
3 
CD ... 
(;' 

en 
CD ... 
(5' 
en 
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available display formats (Quad Digits) 

DIGIT FIRST TWO SECOND TWO 
SiZE 

B, .... 

'"'" NSB 

physical dimensions 

CODE 

x 

DIGIT CODE FORMAT DIGIT CODE 

+1 Cl 
l.Ll. 

CID u.oGJ 
x x 

DEVICES CURRENTLY 
AVAILABLE 

NSB3382 +/.BE!B 
NSB3881 8888. 
NSB3882 E!.E!.E/B 
NSB5382 +!Ef.E!.E!. 
NSB5881 E!BE!.8 
NSB5882 El.BBB. 
NSB7382 +/E!.BB 
NSB7881 E/BE!EI. 
NSB7882 BB.BB. 

n-18;=-l 
-I - LT/ l-1 L-1 l-,-, 
j i- IIl.fl.l-1.l~I. _I 
-r ,. 

-- FL --E 

CODE 

x 

*Pin las shown, pin out follows counterclockwise 

DIMENSIONS 

DIGIT 
A B c 

SIZE 
D E F G H 

0.3 0.83 1.59 0.165 0.3 0.4 50 0.5 0.225 
0.5 1.0 1.99 0.180 0.5 0.5 10° 0.7 0.28 
0.7 1.15 2.39. 0.180 0.7 0.6 10° 0.89 0.3 
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DRIVE 

10 mA COMMON 
CATHODE-
MULTIPLEXED 

10mA COMMON 
ANODE-
MULTIPLEXED 

I 

0.188 
0.3 
0.38 



connection tables (Dual Digits) 

PIN 
NSN334 NSN373 

NUMBER 

1 Cathode J Anode G 

Digit 1 Digit 1 

2 Cathode C Anode E 

Digit 1 Digit 1 

3 Cathode D.P. Anode D 

Digit 1 Digit 1 

4 Cathode G Anode C 

Digit 2 Digit 1 

5 Cathode E Anode G 

Digit 2 Digit 2 

6 Cathode D Anode E 

Digit 2 Digit 2 

7 Cathode C Anode P 
Digit 2 Digit 2 

8 Cathode D.P. Anode C 

Digit 2 Digit 2 

9 Cathode B Common Cathode 

Digit 2 Digits 1 and 2 

10 NC Anode B 

Digit 2 

11 Cathode A Anode A 

Digit 2 Digit 2 

12 Cathode F Anode F 

Digit 2 Digit 2 

13 Cathode B Anode B 

Digit 1 Digit 1 

14 Common Anode Anode A 

Digits 1 and 2 Digit 1 

15 Cathode H Anode F 

Digit 1 Digit 1 

16 C~thode G NC 

Dillit 1 • 

segment· identification 

NSN374 

Cathode G 

Digit 1 

··cathode E 

, Digit 1 

Cathode D 

Digit 1 

Cathode C 

Djgit 1 

Cathode G 

Digit 2 

Cathode E 

Digit 2 

Cathode D 

Digit 2 

Cathode C 

Digit 2 

Common Anode 

Digits 1 and 2 

Cathode B 

Digit 2 

Cathode A 

Digit 2 

Cathode F 

Digit 2 

Cathode B 

Digit 1 

Cathode A 

Digit 1 

Cathode F 

Digit 1 

NC 

A 

FL0r:/s 
ELT/c 

- eD.P. 
D 
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NSN381 

Anode G 

Anode E 

NC 

Common Cat.hode 

Digit 1 

Anode D 

Common Cathode 

Digit 2 

Anode DP 

Anode C 

Anode B 

NC 

NC 

NC 

Anode A 

NC 

Anode F 

NC 

NSN382 

Cathode E 

Common Anode 

Digit 1 

NC 

Cathode C 

Common.Anode 

Digit 2 

Cathode D 

Cathode DP 

Cathode G 

Cathode B 

NC 

NC 

NC 

Cathode A 

NC 

Cathode F 

NC 
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·! connection tables (Continued) (Dual Digits) 
G) 

VJ 
u ·;: 
G) 

E 
= z 
0 
w ..... 
~ 

:2> 
Ji 
~ 

'3 
:! 

PIN 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

.14 

15 

16 

l7 

18 

19 

20 

NSN534 NSN581 

NC Anode G 

Cathode J Common Cathode 

Digit .1 Digit 1 

NC Anode E . 

Cathode C NC 

Digit 1 

Cathode D.P. NC 

Digit 1 

Cathode G NC 

Digit 2 

Cathode E Anode D 

Digit 2 

Cathode D Anode D.P. 

Digit 2 

Cathode C Anode C 

Digit 2 

Cathode D.P. Common Cathode 

Digit 2 Digit 2 

Common Anode Anode B 

Digits 1 and 2 

Cathode B NC 

Digit 2 

Cathode A NC 

Digit 2 

Cathode F NC 

Digit 2 

Cathode B NC 

Digit 1 

NC NC 

Cathode H Anode A 

Digit t 

NC Anode F 

NC NC 

Cathode G NC 

Digit 1 

NSN582 NSN583 NSN584 

Cathode G Anode E Cathode E 

Digit 1 Digit 1 

Common Anode NC NC 

Digit 1 

Cathode E Anode D Cathode D 

Digit 1 Digit 1 

NC Anode DP Cathode C 

Digit 1 Digit 1 

NC Anode C Cathode D.P. 

Digit 1 Digit 1 

NC Anode G Cathode G 

Digit 2 Digit 2 

Cathode D Anode E Cathode E 

Digit 2 Digit 2 

Cathode D.P. Anode D Cathode D 

Digit 2 Digit2 

Cathode C Anode D.P. Cathode C 

Digit 2 Digit 2 

Common Anode Anode C Cathode D.P. 

Digit 2 Digit 2 Digit 2 

Cathode B Common Cathode Common Anode 

Digits 1 and 2 Digit 1 and 2 

NC Anode B Cathode B 

Digit 2 Digit 2 

NC Anode A Cathode A 

Digit 2 Digit 2 

NC Anode F Cathode F 

Digit 2 Digit 2 

NC Anode B Cathode B 
Digit 1 Digit 1 

NC Anode A Cathode A 

Digit 1 Digit 1 

Cathode A NC NC 

Cathode F Anode F Cathode F 

Digit t Digit 1 

NC NC NC 

NC Anode G Cathode G 
Digit 1 Digit 1 
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connection tables {Continued) {Dual Digits) 

PIN 
NSN734 NSN781 

NUMBER 

1 NC Anode G 

2 Cathode J Common Cathode 

Digit 1 Digit 1 

3 NC Anode E 

4 Cathode C NC 

Digit 1 

5 Common Anode NC 

Digit 1 

6 Cathode D.P. NC 

Digit 1 

7 NC NC 

8 Cathode E NC 

Digit 2 

9 Cathode D Anode D 

Digit 2 

10 Cathode C Common Cathode 

Digit 2 Digit 2 

11 Common Anode Anode D.P. 

Digit 2 

12 Cathode D.P. Anode C 

Digit 2 

13 Cathode B Anode B 

Digit 2 

14 Cathode A NC 

Digit 2 

15 Cathode F NC 

Digit 2 

16 Cathode G NC 

Digit 2 

17 NC NC 

18 Cathode G Anode A 

Digit 1 · 

19 Cathode B NC 

Digit 1 

20 NC NC 

21 Cathode H NC 

Digit 1 

22 NC NC 

23 NC Anode F 

24 NC 

NSN782 NSN783 

Cathode G Anode E 

Digit 1 

Common Anode NC 

Digit 1 

Cathode E Anode D 

Digit 1 

NC Ariode.C 

Digit 1 

NC Common Cathode 

Digit 1 

NC Anode D.P. 

Digit 1 

NC NC 

NC Anode E 

Digit 2 

Cathode D Anode D 

Digit 2 

Common Anode Anode C 

Digit 2 Digit 2 

Cathode D.P. Common Cathode 

Digit 2 

Cathode C Anode D.P. 

Digit 2 

Cathode B Anode B 

Digit 2 

NC Anode A 

Digit 2 

NC Anode F 

Digit 2 

NC Anode G 

Digit 2 

NC NC 

Cathode A Anode G 

Digit 1 

NC Anode B 

Digit 1 

NC Anode A 
I 

Digit 1 

NC NC 

NC Anode F 

Digit 1 

Cathode F NC 

NC 

12·19 

NSN784 

Cathode E 

Digit 1 

NC 

Cathode D 

Digit 1 

Cathode C 

Digit 1 

Common Anode 

Digit 1 

Cathode D.P. 

Digit 1 

NC 

Cathode E 

Digit 2 

Cathode D 

Digit 2 

Cathode C 

Digit 2 

Common Anode 

Digit 2 

Cathode D.P. 

Digit 2 

Cathode B 

Digit 2 

Cathode A 

Digit 2 

Cathode F 

Digit 2 

Cathode G 

Digit 2 

NC 

Cathode G 

Digi~ 1 

Cathode B 

Digit 1 

Cathode A 

Digit 1 

NC 

Cathode F 

Digit 1 

NC 
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Cl> 
'C: Connection tables (Continued) (Quad Digits) 
Cl> 

C/J 
CJ 

·;:: 
Cl> 
E 
:s 
z 
0 
w 
..J 

.t:: 

.2> 
"C 
:E 
:s 

:IE 

PIN 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

NSB3382 

NC 

Cathode E 

Common Anode 

Digit 1 

Cathode J 

Digit 1 

Cathode H 

Digit 1 

Common Anode 

Digit 2 

Cathode D 

Cathode G 

NC 

Common Anode 

Digit 3 

Cathode B 

Cathode A 

Cathode F 

Common Anode 

Digit 4 

Cathode D.P. 

Cathode C 

NSB5382 

Cathode A 

NC 

Cathode D 

Common Anode 

Digit 1 

Cathode J 

Digit 1 

Cathode H 

Digit 1 

Common Anode 

Digit 2 

Cathode C 

NC 

Common Anode 

Digit 3 

Cathode B 

Cathode F 

Cathode E 

Common Anode 

Digit 4 

Cathode D.P. 

Cathode G 

NSB3881 NSB3882 

NC NC 

Anode E Cathode E 

Common Cathode Common Anode 

Digit 1 Digit 1 

NC NC 

NC NC 

Common Cathode Common Anode 

Digit 2 Digit 2 

Anode D Cathode D 

Anode G Cathode G 

NC NC 

Com·man Cathode Common Anode 

Digit 3 Digit 3 

Anode B Cathode B 

Anode A Cathode A 

Anode F Cathode F 

Common Cathode Common Anode 

Digit 4 Digit 4 

Anode D.P. Cathode D.P. 

Anode C Cathode C 

NSB5881 NSB5882 

Anode A Cathode A 

NC NC 

Anode D Cathode D 

Common Cathode Common Anode 

Digit 1 Digit 1 

NC NC 

NC NC 

Common Cathode Common Anode 

Digit 2 Digit 2 

Anode C Cathode C 

NC NC 

Common Cathode Common Anode 

Digit 3 Digit 3 

Anode B Cathode B 

Anode F Cathode F 

Anode E Cathode E 

Common Cathode Common Anode 

Digit 4 Digit4 

Anode D.P. Cathode D.P. 

Anode G Cathode G 
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connection tables (Continued) (Quad Digits) 

PIN 
NSB7382 

NUMBER 

' 1 NC 

2 Cathode H 

Digit 1 

3 Cathode J 

Digit 1 

4 Common Anode 

Digit 1 

5 Cathode F 

6 Common Anode 

Digit 2 

7 Cathode C 

8 Cathode D.P. · 

9 Cathode G 

10 Cathode E 

11 Common Anode 

Digit 3 

12 Cathode B 

13 Cathode A 

14 Common Anode 

Digit 4 

15 Cathode D 

NSB7881 

NC 

NC 

NC 

Common Cathode 

Digit 1 

Anode F 

Common Cathode 

Digit 2 

Anode C 

Anode D.P. 

Anode G 

Anode E 

Common Cathode 

Digit :'3 

Anode B 

Anode A 

Common Cathode 
. Digit 4 

Anode D 

12·21 

NSB7882 

NC 

NC 

NC 

Common Anode 

Digit 1 

Cathode F 

Common Anode 

Digit 2 

Cathode C 

Cathode D.P. 

Cathode G 

Cathode E 

Common Anode 

Digit 3 

Cathode B 

Cathode A 

Common Anode 

Digit 4 

Cathode D 
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Mounting Techniques For 
Multidigit LED Numeric Displays . . 

introduction 
Latest .in the expansion of National Semiconductor's 
LED display product line ·is the addition of the 
"Multidigit LED Numeric." Designed to meet the . 
requirements of a wide range of applications, the printed 
circuit board mounted numerics feature: 

• End-stackable 2- and 4-digit packages 

• 0.3-, 0.5-, and 0.7-inch digit sizes 

• Common anode and common cathode versions 

• Direct and multiplex driv~ 

Equally important to all these features is the ease with 
which the designer can interconnect the display to the 
rest of a system. Thi.s was a primary design goal for the 
multidigit numerics and it is the purpose of this applica
tion note to pass on some of our research to the designer. 
It should be noted that this is -not intended to be an 
extensive study, but rather is intended to provide 
direction toward the many possibilities available to the 
designer. 

electrical and optical specifications 
Before treating the problem of mechanical and electrical 
interconnection, a short statement of the basic proper
ties of the display is in order. For further details see the 
product data sheet. 

Electrical 

All displays in the multidigit numeric series, whether 
common anode or common cathode, direct drive or 
multiplex, share the same electrical characteristics. 

Min Typ Max Units 

Forward Voltage, V1.@ 10 mA 1.7 2.0 v 
Reverse Voltage, V,,@ 100 µA 3.0 8.0 v 
Digit Light Intensity @ 10 mA 0.8 1.6 med 

Displays 

The choice between common· anode and common 
cathode should merely be a matter of convenience of 
interface to the rest of the electrical design. However, 
the choice between multiplex and direct drive is more 
complex and quite fundamental to any design. It is not 
within the scope of this application note to discuss the 
tradeoffs between direct and multiplex drive except for 
one caution to the designer: when multiplexing, care 
should be exercised to not exceed the peak segment 
current ratings of the device. For example: 

Desired average segment current - 15 mA 

Peak current for a 4-digit display: 
4 x 15 mA = 60 mA 

Peak current for a 6-digit display: 
6 x 1 5 mA = 90 mA 

Therefore, for applications requiring more than 75 mA 
peak current when multiplexed, direct drive is suggested. 

Optical .Characteristics 

As with the electrical · specifications, the multidigit 
numerics all have common optical properties. This 
directly results from the· material used and techniques 
of manufacture. 

Characteristic Typ Units 

Wavelength 660 nm 

Spectral Width, Half Intensity 40 nm 

Viewing Angle, Off Axis 60 degrees 

Intensity (digit) 1.6 med 

Intensity Matching ±33 % 

Contrast enhancement can be achieved by using a lens 
over the display that has a peak transmission point 
centered around 660 nm. 
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mechanical design 
The principal concern of a mechanical designer when 
"designing in" a display is the functional relationship of 
the display to the design. This relationship is the primary 
factor in determining the means of mechanical support 
and electrical interconnection for the display and varies 
tremendously from one application to another. 

Examples: 

J. TV Channel Indicator - 2 Digits - NSN Dual Series 

Design Constraints: 
1. One display mounted parallel and adjacent to the 

logic board. 

pinS available from: 

1. Precision Concepts 
!16250 

2. Molex 
KK-100 Series 

3. AMP Inc. 
Mod.II 

connectors available from: 
1. Molex 

KK-156 Series 

2. AMP Inc: 
Mod.IV 

In nearly all cases, more than one answer presents itself, 
at which point the designer must tradeoff mechanical 
and/or electrical considerations with cost: Cost can very 
considerably, ranging from inexpensive pin schemes at 
less than one c.ent per connection to connectors costing 
over ten cents per connection. 

2. Support to be provided by the interconnection. 
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R ..- 2. Cash Register - Two 6·Digit Displays - NSN Dual z Series 
<( Design Constraints: 

1. Two sets of 3 dual·digit displays mounted back·to· 
back. 

2. Displays are removed from the immediate vicinity of 
the logic board. 

3. Support does not have to be provided by the connec· 
tion since it can be part of the case design. 

4. Serviceability an important consideration. 

12-24 

availa&le.from: 

1. Berg Electronics 
Mini-Latch - 65039 

2. Molex 
KK·156 Series 



3. Digital Voltmeter - 3%-Digit Display - NSB Multiplex 
Series 

Design Constraints: 

1. One display mounted perpendicular to the logic 
board. 

available from: 
1. Berg Electronii:s 

Berg Stik 
2. AMP Inc. 

Mod. I Headers 

available. from: 
1. Amphenol 
2. Cinch 

2. Display support to be provided by the interconnec
tion. 

3. The interconnection should use minimum space. 
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~ further design examples 
z 
<( 

available from: 

1. AMP Inc. 
Pri'1ted Circuit Connectors 
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available from: 

1. AMP Inc. 
Printed Circuit Connector 

2. Precision Concepts 
Mod. #1255 



PCB connectors available from: 

Molex 
Soldercon Series 

av~ilable from~ 
1. Ansi'ley Electronics Corp. 

"flex Strip" 

2. AMP Inc. 
Jumper Cable Ass'y 

recommended display processing 
The multidigit display is constructed ·on a standard 
printed circuit board .substrate and covered with a plastic 
lens. The edge connector tab will stand a temperature 
of 230°C for 5 seconds. The display lens ,area must not 
be eleva.ted in temperature above 70°C. To do so will 
result in ·permanent damage to the display. Since the 
display is not hermetic,, immersion.of the entire package 
during flux and clean operations may cause condensation 
of flux or cleaner on the underside of the lens. It is 
recommended that only the edge connectors be 
immersed. Only rosin core solder, solid core solder, and 
low activity organic fluxes are recommended. Cleaning 

12·27 

solvents are Freon TF, isopropanol, methanol, or 
ethanol. These solvents are recommended only at room 
temperature and for short time periods. The use of other 
solve.nts or elevated temperature use of the recommended 
solvents may cause permanent damage to the lens or 
display. 
Tris application note is not intended to imply specific 
endorsement or warranty qt a manufacturer's product' 
by National Semiconductor. In addition, it is not an 
inclusive list .of manufacturers, and the designers ·will by 
research find additional sources and a wide range of 
prices. 
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Clock Modules 

MA1002 LED display digital electronic clock module 

general description 
The MA1002·Series Electronic Clock Modules combine 
a monolithic MOS-LSI integrated clock circuit, 4-digit 
0.5" LED display, power supply and other associated 
discrete components on a single printed circuit board to 
form a complete electronic clock movement. The user 
need add only a transformer and switches to construct a 
pretested digital clock for application in clock-radios, 
alarm or in·strui:nent panel clocks. Timekeeping may be 
from 50 or 60 Hz inputs and 12 and ?4 hour display 
formats may be chosen. Direct (non-multiplexed) LED 
drive eliminates RF interference. Time setting is made 
easy through use of "Fast" and "Slow" scanning co~trols. 

Features include alarm "on" and "PM" indicators, 
blinking colon, "sleep" and "snooze" timers and variable 
brightness control capability. Alarm clock options include 
a transistor oscillator circuit for use with low-cost 
earphone audio transducers. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

features 
• Bright 4-digit 0.5" LED display 

• Complete· - add only transformer and switches 

block diagram 

13-2 

• Alarm clock and clodk-radio vers.ions 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

•· Brightness control capability 

• . "Sleep" and "snooze" timers 

• Alarm "on". and PM indicators 

• Direct drive - no RFI 

• Fast and slow set controls 

• Low cost, extremely compact design 

applications 
• Clock ·radio ti me rs 

• Alarm clocks 

• Desk clocks 

• TV ·stereo timers 

• Instrument panel clocks 



absolute maximum ratings 

Voltage - Pins E6 to ES 
Voltage - Pins E7, E9 to ES 
Voltage - Pins E 1, E3\o E 13 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

21 Vrms 
7.0 Vrms 

+0.3 to -26V 0c 

-20°C to +60°C 
-20°C to +70°C 

300°C 

TA = 25°C; E6 to EB= 16 Vrms; E7, E9 to EB= 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow E6 to EB to vary between 14 and 1 B Vrms; E7, E9 to ES to vary between 4.2 and 6.5 Vrms. 

PARAMETER CONDITIONS 

V00 MOS Supply VOitage Vss = OV 

16 MOS Power Supply Curr_ent 100% Display Brightness 

Display Oft 16 MOS Power Supply Current 

LED Power SUpply Curr.ent 100% Disp!ay Brightness 

V00 Power Failure Indication Voltage 

LEO Segment Display Current 

{20,08) 

Vss = OV 

Short Pin 3 to Pin 4 

IR= om 
R = 50k {Clock·Rad;o) 

R = 00 {Clock-Radio) 

R =. oo (Alarm Clock) 

Alarm and Radio Outputs VoH =Vss-2 

VoH "'"Vss-10 

VoL = Voo+2 

Power Dissipation 100% Display Brightness 

{20:08) Max Input Voltage 

optical characteristics 

PARAMETER CONDITIONS 

Lufnii1ous Intensity Per Segment I"" 11 mA0 c 

Peak Wavelerigth 

Spectral Width Half-Intensity 

Viewing Angle 1 /2 Brightness Point 

Variation Any Two Segments 

functional description 

DISPLAY MODES 

The MA 1002 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1002A, B, E, Fl are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed col.on units are available on special order.) 
24 hour display models (MA1002C, D, G, H) are fur
nished with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 
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MIN TVP MAX UNITS 

-18 -22 -25 Voe 

23 28 mAoc 

3 5 mAoc 

250 280 mA 

-5 -8 Voe 

11 mA 
0.3 mA 
0.0 mA 
1.5 mA 

0.5 mA 
2.0 mA 

-1 µA 

2.5 w 

MIN TYP MAX UNITS 

100 300 µcd 

660 nM 

40 nM 

±60 degrees 

2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either th.e FAST or SLOW time set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

Note: Additional information concerning device operation may 
be found on the MM5385, MM5386 clock circuit data sheet. 

CONTROL FUNCTIONS 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 
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functional description (con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul
taneously using the Fast or Slow buttons, as shown in 
Tabie II. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will not recycle past 00. 

Brightness Control: Maximum display current is obtained 
by placing a short circuit between V DD and the Bright
ness Control input. For clock-radio versions, insertion of 
a 10-50k potentiometer will reduce display brightness to 
a low. level for night viewing, with an open circuit 

turning the display off completely. Alarm clock versions 
reduce display current to approximately 10% if the, 
Brightness Control input is open circuited. 

Control Priorities: In the absence of Display Control 
switch inputs, the display shows time-of-day information. 
If more than one mode is simultaneously selected, the 
priorities are as shown in Table I. 

OUTPUTS 

Sleep (Radio): A positive current source output con
trolled by the sleep timer. This output can be used to 
switch on an NPN power transistor for controlling a 
radio or other appliance. 

Alarm: A positive current source output controlled 
by the alarm comparator and enable circuit. This output 
may be used to control an alarm oscillator, wake-to
radio function, or start an appliance at a predetermined 
time. 

Alarm Tone (alarm clock versions only): An oscillator 
output gated by the alarm output. On 12 hour versions, 
the tone is interrupted at a 0.5 second "ON," 0.5 second 
"OFF" rate. The oscillator circuit uses a low cost minia
ture earphone (not supplied) as both inductance and 
audio transducer. The earphone should have an induc
tance of 100 mH and a resistance of 500.Q. 

·Note: Certain outputs of the MA1002 module are directly 
connected to MOS device inputs. Normal precautions taken for 
handling of MOS devices should be applied to the handling of 
this module. 

TABLE I. MA1002 DISPLAY MODES 

*SELECTED 
DIGITN0.1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 

DISPLAY MODE 

Time Display 10's,of Hours & AM/PM Hours 10's of Minutes Minutes 

Seconds Display Blanked Minutes 10's--0f Seconds Seconds 

Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order 
of Sleep (overrides all others), Alarm, Seconds, Time (no other mode selected). 

TAB.LE II. MA1002 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 

Fast Minutes Advance at 60 Hz Rate 

Both Minutes Advance at 60 Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 

Fast Alarm Minutes Advance at 60 Hz Rate 

Both Alarm Resets to 12:00 AM (12·hour format) 

Both Alarm Resets to (0)0:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 

Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 

Both Time Resets to 12:00:00 AM ( 12·hour format) 

Both Time Resets to {0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 

Fast Subtracts Count at 60 Hz 

Both Subtracts Count at 60 Hz 

•when setting time sleep minutes will decrement at rate of time counter, until the 
sleep counter reaches 00 minutes (sleep counter will not recycle). 
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module selection guide 

PART NUMBER 

MA1002A 

MA1002B 

MA1002C 

MA10020 

MA1002E 

MA1002F 

MA1002G 

MA1002H 

applications information 

I 
E8 Vss 

52Vnns 
IP250mA 

t 

" 
Yu 

"' 

FUNCTION 
LINE DISPLAY 

(CLOCK/RADIO 
OR ALARM) 

FREQUENCY HOURS 

CR 60 12 

CR 50 12 

CR 60 24 

CR 50 24 

A 60 12 

A 50 12 

A 60 ~4 

A 50 24 

Full Feature Clock Radio 

'Cl---~ ALAAMSELECT 

..1-1"-----o 0----·ALARMOISPLAY/SNDOZE 

MA1002 
A,8,CDRD 

SLEEP 
IRADIOI 

" 

RADIO 
ONLY 

Va 
2 

v,. 

4 

" 
ALARM 

E3 

BRIGHT DIM 
BRIGHTNESS CONTROL 

"" ..I-
0---f-.. SLDWSET 

..I-
0---f-.. FASTSET 

..I-
0---+--' SLEEP DISPLAY 

..I-
SECONDS DISPLAY 

~ 

I EB ~SS 

5.2VrmilUD.fl/I. 

I . " 

TO 
RADIO 

Alarm Clock 

.,.,.., 
E,F,GORH 

·~ " 

13·5 

"'<>----, ALARM SELECT 

..I-I"----<> o----ALAflMDISPlAYISNOOZ£ 

..I-
I"----<> O----SLOWSET 

..I-
I'----<> o---~FASTSET 

NC 

1I llC 

I 

I 

I 

I m 



N 
0 
0 
<i 
~ 

schematic diagram 
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Note 4: 12 hours - use "PM,'' "b,'' "c" LED ONLY 
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- use R3 
- Do not use J2 or J3 
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contact locations 
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physical dimensions 
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Clock Modules 

MA1003 12 Voe automotive/instrument clock module 

general description 
The MA 1003 12 Voe Automotive/Instrument Clock 
Module combines the MM5377 monolithic .MOS/LSI 
clock circuit, a 4-digit 0.3" green vacuum fluorescent 
display, a 2.097 MHz crystal and supporting components 
to form a complete digital clock for 12 Voe applica· 
tions. The module is fully protected against automotive 
transients and battery reversal conditions with time· 
keeping maintained down to 9 Voe. Automatic display 
brightness control logic blanks the display with ignition 
off, reduces brightness to 33% with park or head lamps 
on and follows the dash lamp dimming control setting. 
The display features leading zero blanking and has a 
blinking colon activity indicator. The bright green 
display color is filterable to various shades in the green, 
blue-green, blue and yellow color range. Time setting is 
accomplished by closing hours-advance and minutes· 
advance switches; these switches are disabled when the 
display is blanked to prevent tampering. Interconnections 
are simplified through use of a 6-pin edge connector. 
Display may be activated with ignition off or park 
(head) lights off by closing display switch, allowing 
minimum power consumption in portable applications. 

features 
• Ideal for automotive applications 

• Operates from 12 Voe supply 

Back View 
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• Bright 0.3" green display 

• Internal crystal timebase 

• Protected against automotive voltage transients and 
reversals 

• Timekeeping maintained to 9 Voe 
• Automatic display brightness control logic 
• Display color filterable to blue, blue-green, green 

and yellow 

• Complete, just add switches and lens 
• Convenient time setting controls at a 1 Hz rate with 

no roll-over 

• Compact size, built-in connector (optional) 
• Low standby power consumption 
• Lockout of time setting when display is "OFF" 

applications 
• In-dash autoclocks 
• After-market auto/recreational vehicle clocks 

• Aircraft-marine clocks 

• 12 Voe operated instruments 
• Portable/battery powered instruments 

Front View 



absolute maximum ratings 

Voltage-Pins 1, 2, 3, 4 to 6 

Operating Temperature 
Storage Temperature 

-24 Voe to +24 Voe (Continuous) 
40 Vp, Duration 50 ms 

80 Vp, Duration 5 ms 
-200 Vp, Duration 1 ms 

-40°C to +85°C 
-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics TA= 25°C, VBAT = 14 Voe. display at 10:08 unless otherwise specified. 

PARAMETER CONDITIONS MIN 

Power Supply Voltage Variation Timekeeping Maintained 9 

Power Supply Current Time Memory Maintained 6 

Display Blanked (Pin 1 Open) 1 

33% Brightness (Short Pins 3 and 4) 

100% Brightness (Short Pins 4 and 6) 

Power Consumption Display Blanked (Pin 1 Open) 

33% Brightness (Short Pins 3 and 4) 

100% Brightness (Short Pin& 4 and 6) 

Timing Accuracy TA= 25°C 

TA= -25°C to +65°C 

optical charac.teristics 

PARAMETER 1 CONDITIONS T MIN 

Display Brightness J 100% Brightness I 200 

physical dimensions and connection diagram 
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Clock Modules 

MA1010 LED display digital electronic clock module 

general description 

The MA1010 Series Electro'nic Clock Modules combine 
a· monolithic MOS-LSI integrated. clock circuit, 4-digit 
0.84" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete electronic clock movement. The user 
need add only a transformer and switches to construct 
a pretested digital clock for application in clock-radios, 
alarm or instrument panel clocks. Timekeeping may be 
from 50 or 60 Hz inputs and 12 or 24 hour display 
formats may be chosen. Direct (non-multiplexed) 
LED drive eliminates RF interference. Time setting 
is made easy through use of "Fast" and "Slow" scan
ning controls. 

Features include alarm "on" and "PM" indicators, 
blinking colon, "sleep" and "snooze" timers and variable 
brightness control capability. Alarm clock options 
include a transistor oscillator circuit for direct drive 
of 8Q loudspeakers. 

features 

• Bright 4-digit 0.84" LED display 

• Complete - add only transformer and switches 

pin connection diagram 
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• Alarm clock and clock-radio versions 

• Alarm output drives 8Q speaker 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" times 

• Alarm "on" and PM indicators 

• Direct drive - no RF I 

• Fast and slow set controls· 

• Low cost, extremely compact design 

applications 

• Clock-radio timers 

• Alarm clocks 

• Desk clo.cks 

• TV -stereo timers 

• Instrument panel clocks 

3:: 
!: 
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absolute maximum ratings 
Voltage - Pins 22 to 10 
Voltage - Pins 3, 4 and 10 
Voltage - Pins 9, 7 and 10 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

20 Vrms 
9.D Vrms 

+0.3 to -26Voc 
-20°C to +60°C 
-20°C to +70°C 

300°.C 

TA= 25°C; Pins 22 to 10 = 16 Vrms; Pins 3, 4 to 10 = 7.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 22 to 10 to vary between 14 and 18 Vrrns; Pins 3, 4 to 10 to vary between 5.7 and 
8.7 Vrms. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voo MOS Supply Voltage Vss = OV -18 -22 -25 Voe 

122 MOS Power Supply Current 100% Display Brightness 14 18 mAoc 

122 MOS Power Supply Current Display Off 3 5 mAoc 
LED Power Supply Current 100% Display Brightness (20:08) 250 280 mA 

Voo Power Failure Indication Voltage Vss = OV -5 -8 Voe 
LED Segment Display Current Short Pin 18 to Pin 20 IR =OSI) 11 mA 

R = 50K (Clock-Radio) Oc3 mA 
R = 00 (Clock-Radio) 0.0 mA 
R = 00 (Alarm Clock) 1.5 mA 

Alarm and Radio Outputs VoH=Vss-2 0.5 mA 

voH "° Vss - 10 2.0 mA 

VoL = Voo + 2 -1 µA 

Alarm Oscillator Output RLOAD = 8~2 370 400 mW 

Power Dissipation 100% Display Brightness 
(20:08) Max Input Voltage 2.85 w 

optical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Luminous Intensity Per Segment I= 11 mAoc 200 600 µcd 

Peak Wavelength 660 nM 

Spectral Width Half-Intensity 40 nM 

Viewing Angle 1 /2 Brightness Point ±60 degrees 

Variation - Any Two Segments R = 0, Pins 18 to 20 2:1 
R = 4.3K, Pins 18 to 20 2:1 

functional description 
Display Modes 

The MA 1010 provides four basic selectable display 
modes. These are summarized in Table I. 

Power Failure Indication: .Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW time set control cancels 
this indication. 

Colon: 12 hour display models (MA 1010A, E) are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.) 
24 hour display models (MA1010C, G) are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"cm" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper. left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 

13-12 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

NOTE 

Additional information concerning device operation may 
be found on the MM5385, MM5386 dock circuit data 
sheet. 



functional description (con't) 
Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 

Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the 'OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display /Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of betw.een 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the ·time remaining in the sleep register and 
enables programming the desired sleep time by simul
taneously using the Fast or Slow buttons, as shown in 
Table II. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button .. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will notrecycle past 00. 

Brightness Control: Maximum display current is 
obtained by placing a short circuit between VDD and 
the Brightness Control input. For clock-radio versions, 
insertion of a· 10k potentiom.eter wifl reduce display 
brightness to a low level for night viewing, with .an open 
circuit turning the display off completely. Alarm clock 
versions reduce display current to approximately 10% if 
the Brightness Control input is open circuited. 

Outputs 

Sleep (Radio): A positive current source output con
trolled by the sleep timer. This output can be used to 
switch on an NPN power transistor for controlling a 
radio or other appliance. 

Alarm: A positive· current source output controlled by 
the alarm comparator and enable circuit. This output 
may be used to control an alarm oscillator, wake-to
radio function, or start an appliance at a predetermined 
time. 

Alarm Tone (alarm clock versions only): An oscillator 
output gated by _the alarm output. On 12 hour versions, 
the tone is interrupted at a 0.5 _second "ON," 0.5 second 
"OFF" rate. The oscillator produces a tone of approxi
mately 2 kHz and is capable of driving loads such as 
loud speakers directly. Load impedance is not critical, 
but should be at least 4 ohms. 

NOTE 

Certain outputs of the MA 1010 module are 
directly connected to MOS device inputs. Normal 
precautions taken for handling of MOS _devices 
should be applied to the handling of this.module. 

TABLE I. MA1010 DISPLAY MODES 

*SELECTED 
DIGIT NO. 1 DIGIT NO. 2 DIGIT N0. 3 DIGll NO. 4 

DISPLAY MODE 

Time Display 1 O's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 10's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more than one display mode input is applied, the diSplay priorities are in the order of Sleep (oVerrides all others), 
Alarm, Seconds, Time (no other mode selected). 

TABLE II MA1010 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Min::;es Advance at 2-Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60. Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12-hour format) 
Both Alarm Resets to (0)0:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour forniat) 
Both Time Resets to (0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Su.btracts Count at 60 Hz 

*When setting time sleep minUtes will decrement at rate· of time counter, until the .sl'eep counter reaches 00 minutes 
(sleep counter will not recycle). 
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5 module selection guide 
:( 
:? PART FUNCTION LINE DISPLAY 

NUMBER (CLOCK/RADIO FREQUENCY HOURS 
OR ALARM) 

MA1010A CR 50/60 12 
MA1010C CR 50/60 24 
MA1010E A 50/60 12 
MA1010G A 50/60 24 

Note: For 50 Hz operation, connect pins 16 and 17. 

applications information 
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schematic diagram 
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Note 2: Not required for clock radio assembly. P/N MA1010 - A,C. 
Note 3: Not required for alarm clock assembly. P/N MA1010 · E, G. 
Note 4: For 50 Hz operation, connect pins 16 and 17. 
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Clock Modules 

MA1012 LED display digital electronic clock module 

general description 
The MA 1012 Series Electronic Clock Modules combine 
a monolithic MOS-LSI integrated clock circuit, 4-digit 
0.5" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete. electronic clock movement. The 
user need add only a transformer and switches to con
struct a pretested digital clock for application in clock
radios, alarm or instrument panel clocks. Timekeep
ing may be from 50 or 60 Hz inputs and 12 or 24 
hour display formats may be chosen. Direct (non
multiplexed) LED drive eliminates RF interference. 
Time setting is made easy through use of "Fast" and 
"Slow" scanning controls. 

Features include 1.50 mA radio supply switch, alarm 
output switch, alarm "on"' and "PM" indicators, blink
ing colon, "sleep" and "snooze" timers and variable 
brightness control capability. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

features 
• Bright 4-digit 0.5" LED display 

• Complete - add only transformer and switches 

connection diagram 
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• 150 mA radio B+ switch 

• Alarm output switch 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" timers 

• Alarm "on" and PM indicators 

• Direct drive - no RFI 

• Fast and slow set controls 

• Low cost, extremely compact design 

applications 
• Clock-radio timers 

• Alarm clocks 

• Desk clocks 

• TV-stereo timers 

• Instrument panel clocks/timers 
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absolute maximum ratings 
Voltage - Pins 15 to 13 
Voltage - Pins 1, 2 to 13 
Voltage - Pins 9 to 13 
Voltage - Pins 8, 10 to 9 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

eleGtrical characteristics 

20 Vrms 
7.0 Vrms 

+0.3 to -26Voc 
30 Voe 

-20°C to +60°C 
-20°C to+ 70°C 

300°C 

TA= 25°C; Pins 15 to 13 = 16 Vrms; Pins 1, 2 to 13 = 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 15 to 13 to vary between 14 and 18 Vrms; Pins 1, 2 to 13 to vary between 4.2 and 
6.5 Vrms. 

'PARAMETER CONDITIONS MIN TYP MAX UNITS 

MOS Supply Voltage Vss = ov -18 -22 Voo 

115 

115 

MOS Power Supply Current 

MOS Power Supply Current 

LED Power Supply Current 

1 00% Display Brightness 14 

-25 

18 

5 

Voe 

mAoc 

mAoc Display Off 3 

100% Display Brightness 
(20:081 250 280 mA 

Voo Vss =OV -5 -8 Power Failure Indication Voltage 

LED Segment Display Current Short Pin 7 to Pin 14 (R =OQI 11 
Voe 
mA 
mA 
mA 

R = 12K 1.2 
R = oo 0.0 

Radio Output 

Alarm Output 

Power Dissipation 

le= 150 mA 0.1 0.3 

0.3 

v 

lc=15mA 0.1 v 
100% Display Brightness 
(20:08) Max Input Voltage 2.3 w 

optical characteristics 

PARAMETER 

Luminous Intensity Per Segment 

Peak Wavelength 
Spectral Width 

CONDITIONS 

I= 11 mAoc 

Half-Intensity 
Viewing Angle 112 Brightness Point 
Variation - Any Two Segments R = 0, Pins 7 to 14 

R = 4.3K, Pins 7 to 14 

functional description 

Display Modes 

The MA 1012 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1012A, B,I are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.I 
24 hour display models (MA1012C, DI are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper left hand corner of the display (12 hour 
models only). Indication applies for both time and alarm 
display modes. 

13-18 

MIN TYP MAX UNITS 

100 300 µcd 

660 nM 
40 nM 

±60 degrees 
2:1 
2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW time set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models_ 

Npte: Additional information concerning device operation may 
be found on the MM5385, MM5386 clock circuit data sheet. 

Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 



functional descriptions {con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Afarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or' slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarln 
enable period. 

Sleep Display /Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul
taneously using the Fast or Slow buttons, as shown in 
Table 11. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will riot recycle past 00. 

Brightness Control: Maximum display current is ob
tained by placing a short circuit between VDD and the 
Brightness Control input. Insertion of a 10K potentio-

meter will reduce display brightness to a low level for 
night viewing, with an open circuit turning the display 
off completely. (Units with a fixed 12k brightness 
control resistor for use with an external SPST brightness 
control switch are available on special order.) 

Outputs 

Sleep (Radio): An NPN transistor controlled by the 
sleep timer. Both emitter and collector leads are avail
able for use in switching a radio (o~ other appliance) 
power supply. 

Alarm: An NPN transistor controlled by the alarm 
comparator and enable circuit. Both emitter and col
lector leads are available for switching an alarm circuit 
(or other circuit). If the emitter is returned to a source 
of 120 Hz ripple, such as a radio negative voltage supply, 
the collector may be coupled to an audio stage to 
produce a 120 Hz <!larm tone. 

NOTE 

Certain outputs of the MA 1012 module are 
directly connected to MOS device inputs. 
Normal precautions taken for handling .of 
MOS devices should be applied to the handling 
of this module. 

TABLE I. MA1012 DISPLAY MODES 

*SELECTED 
DIGIT N0.1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 DISPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 1 O's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Sleep Display Blanked Blanked 1 O's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others I, 
Alarm, Seconds, Time (no other mode selected). 

TABLE II MA1012 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION DISPLAY MODE INPUT 

*Time Slollli Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12 hour format) 
Both Alarm Resets to ,(0)0:00 (24 hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 10's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour format) 
Both Time Resets to (0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts .Count at 60 Hz 
Both Subtracts Count at 60 Hz 

*When setting time sleep minutes will decrement at rate of time counter, until the sleep cq\,Jnter reaches 00 minutes 
(sleep counter will not recycle!. 
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LINE DISPLAY 
PART NUMBER FREQUENCY HOURS 

MA1012A 50/60 12 
MA1012C 50/60 24 

Note: For 50 Hz operation connect pins 16 and 17. 

applications information 

120 {220) VAC 
60(50) Hl 
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schematic diagram 

RI 
ALARM ON ~l _... ALARM ON 
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f\IOTE (1) 

Note 1: For 50 Hz operatiori, connect pins 16 and 17. 

fO 

Note 2: For 12 hour display, use "PM," "b," "c" LED only (10 hour segment) 
Z1 to be MM4391 (MA1012-A) 

Tl 

For 24 hour·display, use "a." "b," "c," "d," "e," and "g," LED only (10 hour segment) 
Use R3, do not use J2 
Z1 to be MM4392 (MA1012-CI 
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Clock Modules 

MA1013 LED display digital electronic clock module 

general description 
The MA 1013 Series Electronic Clock Modules combine 
a mon_olithic MOS-LSI integrated clock circuit, 4-digit 
0, 7" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete electronic clock movement .. The 
user need add only a transformer and switches to con
struct a pretested digital clock for application in clock
radios, alarm or instrument panel clocks, Timekeep
ing may be from 50 or 60 Hz inputs and 12 or 24 
hour display· formats may be chosen. Direct (non
multiplexed) LED drive eliminates RF interference. 
Time setting is made easy through use of "Fast" and 
"Slow" scanning controls. 

Features include 150 mA radio supply switch, alarm 
output switch, alarm "on'" and "PM" indicators, blink
ing colon, "sleep" and "snooze" timers and variable 
brightness control capability. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

The MA 1013 is capable of directly replacing the MA 1012, 
allowing upgrading to 0.7" display. 

features 
• Bright 4-digit 0.7" LED display 

• Complete - add only transformer and switches 

connection diagram 
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• 150 mA radio B+ switch 

• Alarm output switch 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" timers 

• Alarm '.'on" and PM indicators 

• Direct drive - no RF I 

• Fast and slow set controls 

• Low cost, extremely compact design 

• Directly replaces MA 1012 

applications 
• Clock-radio timers 

• Alarm clocks 

• Desk clocks 

• ·TV-stereo timers 

• Instrument panel clocks/timers 
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absolute maximum ratings 
Voltage - Pins 15 to 13 
Voltage - Pins 1, 2 to 13 
Voltage - Pins 9 to 13 
Voltage - Pins 8, 10 to 9 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

20 Vrms 
7.0 Vrms 

+0.3 to -26Voc 
30 voe 

-20°C to +60°C 
-20°C to+ 70°C 

300°C 

TA = 25°C; Pins 15 to 13 = 16 Vrms; Pins 1, 2 to 13 = 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 15 to 13 to vary between 14 and 18 Vrms; Pins 1, 2 to 13 to vary between 4.2 and 
6.5 Vrms. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

MOS Supply Voltage Vss = ov -18 

MOS Power Supply Current· 

MOS Power Supply Current 

LED Power Supply Current 

100% Display Brightness 

Display Off 

-22 

14 

3 

-25 

18 

5 

Voe 

mAoc 

mAoc 
100% Display Brightness 
(20:08) 250 

-5 
11 

1.2 
0.0 

280 

-8 
mA 

Voe 
mA 
mA 
mA 

Voo Vss = ov Power Failure Indication Voltage 

LEO Segment Display Current Short Pin 7 to Pin 14 (R = 0~2) 
R = 12K 
R== 

Radio Output 

Alarm Output 

lc=150mA 

lc=15mA 

0.1 

0.1 

0.3 

0.3 

v 
v 

Power Dissipation 100% Display Brightness 
(20:08) Max Input Voltage 2.3 w 

optical characteristics 

PARAMETER 

Luminous Intensity Per Segment 

Peak Wavelength 
Spectral Width 

CONDITIONS 

I= 11 mAoc 

Half -Intensity 
Viewing Angle 1 /2 Brightness Point 
Variation - Any Two Segments R = 0, Pins 7 to 14 

R = 4.3K, Pins 7 to 14 

functional description 

Display Modes 

The MA1013 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1013A, B) are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.) 
24 hour display models (MA 1013C, 0) are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is g(ven by a dot 
in the upper left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 

13-24 

MIN TYP MAX UNITS 

JOO 300 µcd 

660 nM 
40 nM 

±60 degrees 
2:1 
2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW ti.me set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

Note: Additional information concerning device operation may 
be found on. the MM5385, MM5386 clock circuit data sheet 

Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mo[le and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 



functional descriptions (con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPOT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. Th-e alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul· 
taneously using the Fast or Slow buttons, as shown in 
Table 11. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display /Snooze button. Resetting 
the time·of-day will decrement the Sleep Timer, which 
will not recycle past 00. 

Brightness Control: Maximum display current is ob' 
tained by placing a short circuit between Voo and the 
Brightness Control input. Insertion of a 10K potentio· 

meter will reduce display brightness to a low level for 
night viewing, with an open circuit turning the display 
off completely. (Units with a fixed 12K brightness 
control resistor for use with an external SPST brightness 
control switch are available on special order.) 

Outputs 

Sleep (Radio)· An NPN transistor controlled by the 
sleep timer. Both emitter and collector leads are avail
able for use in switching a radio (or other appliance) 
power supply. 

Alarm: An NPN transistor controlled by the alarm 
comparator and enable circuit. Both emitter and col
lector leads are available for switching an alarm circuit 
(or other circuit). If the emitter is returned to a source 
of 120 Hz ripple, such as a radio negative voltage supply, 
the collector may be coupled to an audio stage to 
produce a 120 Hz alarm tone. 

NOTE 

Certain outputs of the MA 1013 module are 
directly connected to MOS device inputs. 
Normal precautions taken for handling of 
MOS devices should be applied to the handling 
of this module. 

TABLE I. MA1013 DISPLAY MODES 

*SELECTED 
DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 DI SPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 1 O's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 1 O's of Minutes Minutes 
Sleep Display Blanked Blanked 10's of Minutes Minutes 

"""If more than one displal( mode input is applied, the display priorities are in the order of Sleep (overrides all others), 
Alarm, Seconds, Time (no other mode selected). 

TABLE II. MA 1013 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION DI SPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rote 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12 hourformat) 
Both Alarm Resets to (0)0:00 (24 hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 

Both Time Resets to 12:00:00 AM ( 12-hour format) 
Both Time Resets to (0)0:00:00 (24·hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Subtracts Count at 60 Hz 

""When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes 
(sleep counter will not recycle). 
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LINE DISPLAY 
PART NUMBER FREQUENCY HOURS 

MA1013A 50/60 12 
MA1013C 50/60 24 

Note: For 50 Hz operation connect pins 16 and 17. 

applications information 

120 (Z20) VAC 
60 (50) Hl 
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schematic diagram 
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NOTE (11 

Note 1: For 50 Hz operation, connect pins 16 and 17. 

" 

•• l.5k 

Note 2: For 12 hour display, use "PM," "b," "c" LED only (10 hour segment) 
Z1 to be MM4391 (MA1013·A) 

...loJ. ... 

-..-r __... 

... ... 

... 
... 

REF: 

CR4-I 

11 

For 24 hour display. use "a," "b," "c," "d," "e," and "g," LED only {1'0 .hour segment) 
Use A3, do not use J2 
Zl to be MM4392 (MA1013-C) 
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CUSTOM MOS AT NATIONAL 

Custom design is creating a product to meet specific 
requirements. At National, we use our broad resources 
to produce a product which minimizes the system cost 
for the function the customer wants. 

We have a choice of several cost-effective. processes to 
meet the system needs. 

• Metal gate P-channel ion implanted 
• Metal gate N-channel ion implanted 

• Metal gate CMOS 

The advantages to developing a custom MOS/LSI inte· 
grated circuit are: 

• Lower system cost 
• Proprietary design:...protected design 
• Fewer components and greater packing density 
• Simpler and cheaper power supplies 

WHEN IS CUSTOM MOS/LSI RIGHT? 

When should a custom MOS/LSI circuit be developed 
for your application? It makes sense to go to a custom 
development when there is sufficient complexity and 
volume, so that the development cost can be justified. 
An. approximate rninimum quantity for this decision is 
about 20,000 units per year. 

There are other reasons to go to ·a custom MOS/LSI 
design. Reduced circuit complexity can mean higher 
reliability because of fewer connections and reduced 
power dissipation. Greater packing density can make 
feasible a hand-held product as compared to a bench top 
product. A good example of this is the pocket calculator. 
National is an expert with this type of product realized 
with MOS/LSI! 

RESOURCES AT NATIONAL 

National has the experience of system cost reduction 
using MOS/LSI. Nati.onal's experience with calculators, 
watches and a vast array of standard semiconductors 
proves it. 

Our design group is prepared to work with the customer 
at all levels to achieve an optimum design. We can help 
with the system partitioning, interface, logic design and, 
finally, we can implement the resultant product into a 
volume production design. ·Extensive design checking 
takes place to minimize development costs and schedules. 
Breadboards are used to check system function and 
interface. Extensive use of proven computer aided design 
(CAD) helps minimize errors in design and topology. 

.Worst·case analysis is used to assure a design which 
meets the custome'r specification for temperature and 
production variations. 
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Custom MOS/LSI 

The design techniques used at National are the latest in 
the industry. High speed, low power dynamic logic is 
used where needed for competitive designs. Metal gate 
P-channel designs operate up to 2 MHz. This' process is 
well suited for low cost random logic designs. Higher 
logic densities and operating speeds approaching 5 MHz 
can be achieved by using our new N-channel metal gate 
process. 

A typical design flow is shown in Figure 1. Customer 
interface can occur in several places as indicated. 

Complementary MOS (CMOS) technology is presently 
being used on many custom products. Structured log.ic, 
ROMs, RAMs, and registers, designed with CMOS 
cannot achieve the density of P-channel MOS. However, 
quiescent power and dissipations are less than 1 µW per 
gate. Operation to 10 MHz can be achieved. One of the 
advantages of CMOS is that power dissipation is a 
function of frequency, with the de (quiescent) state 
consuming the least power. 

QUALITY ASSURANCE 

National's quality assurance department has a com· 
plete and comprehensive quality control program which 
effectively controls component parts and vendors at a 
quality level of functional, workmanship .and dimensfonal 
criteria. The QA program also covers in-process controls 
of assembled devices, final electrical test, marking and 
final shipment of approved product. All procedures are 
documented at specification control and at respective 
quality inspection stations. Weekly and monthly reports 
are ·generated for quick feedback of information for 
corrective action purposes. 

Complete testing is accomplished at sort and final test 
to a test specification generated by design engineering 

·and a group of highly skilled test engineers. This test 
specification is designed to guarantee that the part 
meets or exceeds the customer device requirements 
over the temperature extremes. 

On-line testers include Teradyne J283, J277, J193, 
Macrodata 230-2 LSI tester and Fairchild Sentry 600. 

After fabrication, each wafer is checked for threshold 
voltage, breakdown voltage, oxide rupture and sheet 
resistivity. The wafer then goes into functional test. 
The logic on each die is thoroughly exercised. This 
100% test of each wafer eliminates any functional 
defective die from being packaged. 

After packaging, all devices. are stressed to environ
mental extremes. The packaged devices are then returned 
for another functional test. Depending on the ·customer's 
requirement, packages· can be tested under a variety of 
environmental conditions and can be subjected to a 
burn-in cycle. Full MIL-STD 883 processing is offered 
on all National custom and standard MOS devices. 
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Ordering Information/Physical Dimensions 

MM 

PACKAGES 

5316 N 

L>ACKAGE 

~---- DEVICE NUMBER 

DEVICE FAMILY 

DUAL-IN-LINE PACKAGES 

PACKAGE 

D Glass/Metal Dual-In-Line Package 

J Low Temperature Glass Dual-In-Line Package 

N Plastic Dual-In-Line Package 

DEVICE NUMBER 

4, 5 or 6-Digit Number Suffix Indicators 

DEVICE FAMILY 

MM- MOS Monolithic 

DS - Interface Monolithic 

CD - Interface Monolithic 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line package. Molding material is EPOXY B, a highly 
reliable compound suitable for military as well as commercial. temperature range applications. Lead material is Alloy 42 
with a hot solder dipped surface to.allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in either the 14-pin, 16-pin, or 24-pin ceramic dual-in-line package. The 
body of the package is made of ceramic and hermeticity is accomplished through a high temperature sealing of the 
package. Lead material is tin-plated kovar. 

(0) Devices ordered with the "D" suffix are supplied in glass/metal dual-in-line package. The top and bottom of the package 
are gold-plated kovar as are the leads. The side walls are glass, through which the leads .extend forming a hermetic seal. 
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INCHES-.TO MILLIMETERS CONVERSION TABLE 

INCHES MM INCHES MM INCHES MM 

0.001 0.0254 0.010 0.254 0.100 2.54 

0.002 0.0508 0.020 0.508 Q.200 5.08 

0.003 0.0762 0.030 0.762 0.300 7.62 

0.004 0.1016 0.040 1.016 0.400 10.16 

0.005 0.1270 0.050 1.270 0.500 12.70 

0.006 0.'1524 0.060 1.524 0.600 15.24 

0.007 0.'1778 0.070 1.778 0.700 17.78 

0.008 0.2032 0:080 2.032 0:800 :i0.32 

0.009 0.2286 0.090 2.286 0:900 22.86 
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Clock Repetition Rate: The range of clock frequencies 
for which register operation is guaranteed. 

Clock Frequency <Pf: The range of clock frequencies 
which register operation is guaranteed. Maximum clock 
frequencies are dependent upon minimum and maxi· 
mum clock pulse width restrictions, as presented by the 
Guaranteed Operating Curves. 

Clock Delay cfld: cfld is defined to be that minimum 
amount of time that must expire after c/>1 has undergone 
a V c/lL to V c/lH transition and the start of a c/>2 V c/lH to 
VcflL transition. The same spacings apply, when c/>2 
preceeds c/>1. 

Clock Phase Delay c/ld, efld: The time between the VcflH 
levels of </>IN and </>OUT· c/ld is the time between the 
trailing edge of </>IN and the leading edge of .</>OUT· 
¢ct is the time between the trailing edge of </>OUT and 
the leading edge of </>IN· 

Clock Pulse Risetime, trc/l: The time delay between the 
10% and 90% voltage points on the clock pulse as it 
traverses between its logic VcflL and logic Vc/lH levels. 

Clock Pulse Falltime, tfc/l: The tim~ delay between the 
10% to 90% voltage points on the clock pulse as it 
traverses between its logic V c/lH and logic V c/lL levels. 

Clock Pulse Width, c/lpw: The duration of time that the 
clock pulse is greater than 1.5V. 

Clock Input Levels: The voltage levels (logic V c/lL or 
VcflHl which the clock driver must assume to insure 
proper device operation. 

Clock Control Setup Time, tcs: The time prior to the 
clock low-to-high transition at which the clock control 
must be at its desired logic level. 

Clock Control Hold Time, tch: The time after the high
to-low transition for which the clock· control must be 
held at its desired logic level. 

Data Setup Time, fds: The time prior to the clock high· 
to-low transition at which the data input level must be 
present to guarantee being clocked into the register by 
that clock pulse. 

Data Pulse Width, fdw: The time during which the data 
pulse is in its V IH or V 1 L state. 

Data Hold Time, fdh: The time after the clock high
to-low transition which the data input level must be held 
to guarantee being clocked into the register by that 
clock pulse. 

Data Input Voltage Levels: The voltage levels (logic VtL 
or V1Hl which the data input terminal must assume to 
insure proper logic inputs. 

Data Output Voltage Levels: The output voltage levels . 
(logiC VOL or VQH) which the output will assume under 
normal operating conditions. 

Data Input Capacitance: The capacitance between the 
data input terminal and ground reference measured at 
1 MHz. 
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Definition of Terms 

Output Resistance to Grol!nd: The resistance between 
the output terminal and ground with the output in the 
logic VQH state . 

Partial Bit Times T1N. TouT: The time between leading 
edges of clocks, measured at the VcflH levels. T1N is the 
time between the leading edge of c/ltN and the leading 
edge of </>OUT· TQUT is the time between the leading 
edge of <POUT and the leading edge of c/>1 N. 

Output Sink Current: The current which flows into the 
output terminal of the register when the output is a 
logical low level. Conventional current flow is assumed. 

Output Source Current: The current which flows out of 
the output terminal of the register when the output is a 
logical high level. Conventional current flow is assumed. 

Output Voltage Levels: The logical low level, VOL· is 
the more negative level. This is the state in which the. 
output is capable of sinking current. The logical high 
level, VoH. is the more positive level. This is the state 
in which the output is capable of sourcing current. 

VGG Current Drain: The average current flow out of 
the VGG terminal of the package with the output open 
circuited. 

Power Supply Voltage, VGG' The negative power 
supply potential required for proper device operation; 
referenced to V55. 

Power Supply Return, Vss: The Vss terminal is the 
reference point for the device. It must always be the 
most positive potential applied to the device. 

Vss Current Drain: The average current flow into the 
Vss terminal of the package. It is equal to the sum of 
the IGG and too currents. 

Power Supply Voltage, VDD: The negative power 
supply potential required for proper device operation, 
referenced to V SS· 

Clock Input Voltage Levels, Vc/lHVcflL' The voltage 
levels (logic "1" or "0") which the clock driver must 
assume to insure proper device operation. 

Data Output Voltage Levels, VoH. VoL: The output 
voltage levels (logic "1" or "0") which the output will 
assume with a specified load connected between output 
and Vss line. 

Data Input Voltage Levels, V1HV1L: The voltage levels 
(logic "1" or "0") which the data input terminal must 
assume to insure proper logic inputs. 

Control Release Time, tcr: The maximum time that a 
load command signal can be changed prior to the V </>L to 
VcflH transition of the output clock, c/lQUT. without 
affecting the data during bit time tn. 

Control Initiate Window: The time in which a load 
command signal must be applied to affect bit time tn. 
This time extends from the start of tcr to the start 
of tcs· 

Control Hold Time: The time that the load command 
signal must remain stable during tn bit time. See control 
timing diagram. 




