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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 m'agnitude 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 signal 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 OAt 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 AOC 
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 manufac!urer. For practical production 
reasons, parameters may not be tested in the same 
manner for pll 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. 



M M5865 Universal Timer 
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 one 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 scaler input pins. 

The outputs include the comparator output, multiplexed 
BCD segment outputs, and digit enable. The BCD seg­
ment outputs interface directly with the MM14511 
(CD45111. a BCD to 7-segment latch/decoder/driver 
which interfaces with an LED display. The digit enable 
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 counter 
Counter 1: Programmable counter 

7. Counter 2: Programmable down counter 
Counter 1: Not actively used 
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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 oscillator frequency 
of the MM5865 is 80kHz; the maximum clock input 
frequency is 100kHz. 

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 universal 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 or Electronics, edited by 
Rudolf F. Gra!. 

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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Figure ',. Internal block diagram of the MM5865 Universal Timer. 
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When an external multiplex rate is applied, to the Multi­
plex Input pin, the MUltiplex ,Output pin must be con­
nected to Vss, and the Oscillator In, Oscillator Out, and 
Blanking pins should be floating. The multiplex rate 
inside .the chip is one fourth the frequency applied to 
the Multiplex Input pin. In this mode of operation ,two 
MM5865s may not be cascaded., In fact; to make use of 
the Multiplex Output pin, the Multiplex Input pin must 
be connected to V OD. The frequency at ,the Multiplex 
Output pin is the same as that applied to the Multiplex 
Input pin. ' 

The multiplexer may also be controlled by using internal 
MOS circuits to form a crystal controlled oscillator. To 
form the oscillator·a crystal, two capacitors, 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 "DO. 

Figure 2. MM5865 connection diagram. 

When the input clock is at a constant frequency above 
400Hz the Multiplex Input'pin maybe 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 multipl~x frequency. The multiplex 
rate inside the chip will be one fourth the clock input 

. frequency as described above. 
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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. 

Vss 

.----+-.... TO 
DIVIDER 
CIRCUITS 

VDD 

INTERNAL 

Figure 3. Crystal oscillator connections. 

Divider 

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 VO D. 

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 clock pulses to be . 
appl ied to the two counters. The frequencies and display 
resolutions for an oscillator frequency of 32.8kHz are 
given. 

Table I. Resolution Select Code. A zero indicates that the pin is 
left floating (or connected to Voo); a one 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 

Pin 16 Pin 17 Clock to Counters Display Resolution 

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 appl ied to pins 
16 and 17. When it is used as an input an external clock 
must be used to clock the counters. 
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Control Logic 

The block labeled "Control Logic" con~ains the logic 
required to select one of the seven functions, reset all 
logic and counters, start and stop the 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 Reset 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 aillogicandthe counters a 10.uF, 35V Solid Tantalum 
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 connected 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 /I 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 Voo); a one indicates 
that the pin is connected to V ss. 

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· 

l> 
Z . ..... 
0) 
CO 



~ 
~ . 
Z 
<C 

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 995,9 (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 Voo), In function 6 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 V ss before 
a Start/Stop transition will begin the counter 2 count-up. 

In function 7, if the Comparator Enable pin is floating 
(or connected to Voo ) 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 Vss' (comparator enabled) at power on (or when the 

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

In addition, the Control Cl In pin (pin 35) must be 
floating (or connected to VOO) during digit programming 
in function 7_ After digit programming, the Control Cl 
I n pin must be connected to V ss 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 Cl In pin. In 
one position the DPDT switch connects the Control Cl 
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 V ss for functions 6 and 7. 

~:: ~135 NSA398 
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Figure 4. Stopwatch/Timer application showing the ·connections for'8 single MM5865. Two cascaded'MM5865s may also be used~ 85 
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 toVss, 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 carryover 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 Vss permits the display to show counter 
2 counting. 

The Progra~ Digit 4 pin also serves two purposes; in 
functions 1 - 5 this pin indicates that the chip has been 
reset and is in the standby mode at power·on. Visual 
indication of this condition may be accomplished by 
connecting a transistor between the Program Digit 4/ 
Waiting 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 Start/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 Cl, 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 other 
MM5865; the Control C1 Out and the Control C2 Out 
pins of the second chip are left floating. 

When the Conttol C1 I n pin is floati'ng (or connected 
to Voo), the clock pulses to counter 1 are inhibited. 
When the Control C1 In pin is connected to VSS, counter 
1 is enabled. Control ClOut 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 connected 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. In 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 Vss ~ 5V. With a 9V transistor battery used as 
the power supply, and display inhibited, the power 
supply current will be approximately 7mA to 15mA for 
a one-chip stopwatch. ' 

The maximum input frequency atthe oscillator is 80kHz; 
however, the oscillator and dividers are designed for stop­
watch applications using a 32.8kHz 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 MM14511 
Segment Driver and the DS8863 Digit 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 (Sl 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 V ss (S3 
in Function 6 - 7 position) at power-on, a Start/Stop 
transition (obtained, by momeritarily 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 transition 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, 
unti,l 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 Final Event Stop transition. Counter 2 (alternately) 
starts, then stops counting with each Start/Stop transi­
tion (timing as many intervals as desired), until a Final 
Event Stop transition. Any time a Reset transition 
occurs both counters are reset to "0000" and the 'display 
blanks. 

Function 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 

I n 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 tfme 
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 continues to 
count, but counter 2 begins a new count. 

A Final Event 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 occurs,. 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 

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 reset 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 countingwhere it left off, and counter 
2 is displayed counting. 

Subsequent Start/Stop transitions repeat this' sequence 
with counter 1 counting continuously. A Final Event 
Stop transition inhibits. the clock pulses to both counters 
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. 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 1, the clock 
pulses 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 S11 or by. connecting the reset Input pin to the 
Comparator Output pin after· Digit Programming.so.that 
logic and counter 2 are reset automatically whenever 
counter 2 is coincident with counter 1. 
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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. 

If the Reset Input pin is not connected to the 
Comparator Output pin and if a Final Event Stop tran· 
sition occurs while counter 2 is 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 - T position at 
power-on, it must be placed in the "OFF" position; 
then Sll 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 not 
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 32.8kHz crystal 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 available from many 
sources. The function switch, however, is a very small 
8-position switch in a TO-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 

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 15 V; however, the DS8863 cannot be 
operated with supply voltage greater than 10V. 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 character height. Eight inputs 
are provided for selection of the appropriate segments 
and decimals (anodesl and nine inputs for digit 
!cathodesl 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 dimensions and pin connections of the NSA398. 

Practical Applications of the 
StopwatchlTimer 
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. 
This timer, as shown, has a maximum timing capability 
of 99 minutes, 59 seconds. If another MM5865 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 32.8 kHz, 
and the oscillator frequency should be precisely tuned 
to 32.8 kHz. 

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 

. travels from I-is home to a city some hours away. On the 
way he passes a small town about 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 to;"'n to the city, and finally, 
how long it takes him to travel from his home to the 
city. 
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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 on the 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 
time for the day. 
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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. 

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 supervisor wishes 
to record the time it takes the worker to fasten each part 
and the amount of time the equipment spends at this 
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 with the second part, the super· 
visor presses the Start/Stop switch again and records the 
time of the second event. After the worker finishes with 
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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With function 4, the total time of an event may be 
accumulated, and the display may be updated while 
counter 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 EJent Stop switch to 
record the total time for the run. 

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 starts 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 while 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 interfaeing, 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 e'1abled, 
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 th is 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 MM5865 as a general purpose chip,. 
adding another MM5865 when it is necessary. In most 
applications only one or several of the seven functions 
need 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 

START SWITCH i 
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PIN 14 
OF 

MM5865 

FROM 
PIN 15 

OF 
MM5866 

CJ 

~ 

synchronized .to the clock using an MM74C221 Dual 
Monostable Multivibrator as shown in Figure 20. The 
time constant of R 1 - C1 should be equal to the display 
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. 

VSS 

R2 

C2 
R1 

C1 

VOO 

Figure 21. Start-Pulse Synchronizer. Time constant of R1-C1 = 
display resolution. Time constant of' R2 - C2 < display resolution. 
Tim. constant of R3 -C3 < tim. constant of R2 - C2. 
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A 4·0igit, 7·Function 
Stop Watch/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 l·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 assembled 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 
appliance 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 circuit 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: Total elapsed time 

6-29 

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 the stop­
watch/timer are visible on top of the case shown in the 
photographs of Figures la and lb. Each switch is 
indicated in the schematic drawing of Figure 2. 

In Figure la, the switch in the 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 (04), Digit 3 Programming 
Switch (03)' Comparator Switch (C), Digit 2 Program· 
ming Switch (02), and Digit 1 Programming (01)/ 
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 lb. From left to right they are 
Final Event Switch (FE), Reset Switch (R), Start/Stop 
Switch (SS), and Automatic Reset Enable Switch (AR E), 

The ARE switch is used only in function 6; it must be 
OFF for all other functions. The C switch has three 
positions: Comparator/Count Enable (CCE), used for 
functions 6 and 7; Program Enable (PE), 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 Digit 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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DI-L..." 

D2--LS7 
,,-L...SB 

D4-L...S9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R6 

L ______________________ . ________ -''- ________ -.J 

Vss 

VDD 

ENABLE 

S12 

INHIBIT 

J] 

J2 
J1 

JO 

-
~ 

29~:::t:=l "I-
271--+---i 
261--+---i 

12 

11 

• 10' 7 

14 

DISPLAY CONTRO L 
(OPTIONAL) 

R=150n 

1 R 
2R 
J R 1D 
, R 11 

'R 12 
6R 1J 
7R 14 

10' 
DISPLAY 

12 
1J 
14 
15 

MTl GATE 

MT2 

TRIAC 
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Table I. Switch Abbreviations 

Abbreviation Switch Functions 

ARE Automatic Reset Enable 6 
C Comparator 1-7 
01 LSD Programming 6, 7 
02 Digit 2 Programming 6, 7 
03 ' Digit 3 Programming 6, 7 
04 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 II. Resolution Select Code. A zero indicates that tl'\e pin 
is left floating (or connected to VDD); a one 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 

Pin 16 Pin 17 Clock to Counters Display Resolution 

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

Table III. 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 
a 1 a 10 6 10 10 10 6 10 10 
1 1 a 10 10 6 10 10 10 6 10 
a a 1 10 10 10 10 10 10 10 10 
1 a 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. 

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 simultaneoLisly 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) or 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 indio 
cates a switch or the display upon which an action may 
be performed. The seco<1d line of type indicates the 
position in which the switch must be placed or the 
action to be performed. The parallelograms in the flow 
charts indicate points at which a DECISION must be 
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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 Dl through D4, one switch at a time, until the 
desired count·up time appears in the display. 

After digit programming, place the AR E switch in the 
ON position if autom.otic 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 causes 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 A.RE 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 
tofunction 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 D4, 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. 
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Figure 3. FUnctions 1 and 2. Pressing START/STOP after FINAL EVENT has been pressed gives Total Elapsed Time in Function 1. 
Total Accumulated Time in Function 2. 

Figure 4. Function 3. Pressing START/STOP after FINAL EVENT has been pressed gives Total Accumulated Time. 
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Figure 5. FUnction 4. 
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Figure 6. FUnction 5. 
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Figure 7. Function 6. 

Figure 8. Function 7. 
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Interfacing the Stopwatch/Timer 
with an Appliance Circuit 

There are many ways t~ 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/timer. 

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 OF MM5865 

START/STOP 
PIN 14 OF MM5865 

}Q,...:.:: ..... --+OUTPUT 

Figure 9. Detail of the 74C02 NOR Latch. The latch interfaces 
the MM5865 to the CA3059. 

The appliance control circuit does not cause R FI 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 "0." When the 
R switch is pressed. the output of the latch will go to 
V55. inhibiting the CA3059 pulses to the triac. 

When the SS switch is pressed (after digit programming) 
the output of the latch will go to Vee 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 V 55. the output of the 
latch will go to V55. 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 
a·n enlarger. the Appliarici!' 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 appliarice control circuit 
housing. The hollsing 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 hal f cycle until the zero·crossing point is 
rea.ched at the end of the alternation. The appl iance 
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.B3 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 may be mounted in any 
case of sufficient size. 

Bequse 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 carefully 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. IDA 

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 the checkout 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 ICs 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 list. 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·function rotary switch to be 
mounted 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/B-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 sizes 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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Figure 11. Printed Circuit Bpard Component Layouts. al I.ayout for the Stopwatch/Timer PC board. bl Layo~t for the Appliance 
Control PC board. . 

(b) 

Figure 12'. X1 ~ositives for the Pril1te~ Circuit Boards. a) Positive for. th'e; StopwatchiTimer~ b) 'P~sitiV~ for the ~ppliance Control, circuit. 
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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 circuldr 
cutouts are between the .two sets of four copper hexa­
gons_ The copper trace through each hexagon forms one 
contact of a SPST switch_ 

(+-1'------11.6"--------+1'1 

I~ ~o!o!o! ?o~oes ~ n 
(a) 

(b) 

0' 0 0 0 0 0 0.[ 
(e) 

(d) 

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 thiee SPST momentary 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 cover 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 Figure 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 Figure 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 

~ 0 
0 0 

0 0 0 0 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 i fthere is one_ 

0 0 0 0 0 0 

0 
0 

0 0 0 0 0 0 

Figure 14. Full·Size Partial Drawing of 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 circuit board. 

Drill the holes for the rotary function switch, 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·l01 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, Cl, must lie on its side to make room 
for the function switch. Mounting the top of the case to 
the bottom is easier if theCentralab 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 connection 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. 

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. There are six mounting holes in the 

I PC board. These holes match six plastic pegs in the 
bottom of the case. Two of the pegs are to be inserted 
through the transfurrner 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 ~he 
transformer mounting flanges. 

After the IC sockets .are·mounted, the transformer imd 
Cl should be mounted. If the Centralab PS·101 switch is 
used, the filter capacitor should be attached t9 the board 
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Figure 16. Drilling Guide for the Case Top if the MRC·'·10 Rotary Function Switch is Used. (Dimensions in inches.) 

11/65 DRILl-
2 HOLES 

o 
1.2 

o 0 0 
=---+----

1.2 

I I 14-0.75 

-*-87,- I 

~2.2--J 

Figure 17. Drilling Guide for the Case Top if the PS-101 Rotary FUnction Switch is Used. (Dimensions in inches.) 

with leads that are long enough to permit the capacitor 
to lie on its side. The diameter of C1 must not be greater 
than 0.7 inch and its length must not be greatSr 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 lift 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 all wire 
connections have been made, proceed to the preliminary 
checkout and adjustments section before applying 
power to the board. 
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Figure 18. Wiring Diagram for the Switches Mounted in the Case 
Top. 

Preliminary Checkout and Adjustments 

The following tests and adjustments should be carefully 
completed before power is appl ied to the stopwatch/ 
timer or the appliance control circuit. 

Rotate the F switch to function 7, place the AR E 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 stopwatchltimer 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 Xl K scale and common 
probe to V DO, > 5k ohms, after C 1 charges 

3. Across R 1 < 15 ohms 

4. Across C2 > 100 ohms 

5. Across the appliance control circuit line plug> 10k 
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. I ncrease the resistance of 
R 1 until the VOM reads 8.4·volts. Slightly under 8.4 volts 
is better ~han slightly over. Pressing the reset switch 
should cause "0000" to appear on the display, unless the 
display already reads "0.000." 

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, ch.eck the 
voltage at pin 20. of the MM5865; it isvery close to 6 
volts when the oscillator is functioning. 
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After oscillation has been confirmed the display should 
be examined for segment and digit defects. If any 
segment or digit does 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. Tbe balance of the preliminary 
checkout consists of stepping through the operational 
flow diagrams in Figures 3-8; 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 
!"(lay 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-l-l 0 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 diagrams. 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 start/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. This' purse width should be adequate 
for most users. C5 and R4 may be omitted ifthe 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 om itted, the 55 switch simply connects to V 55. 

As to crystal accuracy, the stopwatch/timer will lose 
0.001 sec/sec if a 32.768kHz crystal is used instead of a 
32.8kHz 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. The MM5315 itself uses the line frequency 
as a time base. The MM5315 is shown as it would be 
connected for a 60 Hz 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 amount of time which 

will elapse between the arriv.al ofthe 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 
time constant of R 1 - Cl shOUld be equal to the display 
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. 

Vss 

TO 
PIN 14 R2 

OF 
MM5865 &2 

FROM 
PIN 15 

RI 

OF 
MM5865 &1 

voo 

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. 

r---------__ ------- AC 

~-----.--------------------i------1~-----1~-VSS 

r--------------+---t--+-----------------,--;r-~--;_--~--;_--VDD 

TO PIN 23 OF 
IC2 

14 19 

~ 

R2 R3 

20 

21 

DI 

21 

D2 
C2 

RI 20kH. %W, 5% RESISTOR 
R2 220kn. ~W. 5% RESISTOR 
R3 1DOk!Z, %W. 5% RESISTOR 
CI O.I"F CAPACITOR 
C2·C4 o.OI"F CAPACITOR 
01 IN4002 DIODE 
D2 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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R2 
R3 
R4 
R5 
R6 
R7 
R8 
Cl 
C2 
C3 

C4 
C5 
C6 
C7 
Dl, D2 
Tl 
ICl 
IC2 
IC3 
1C4 
IC5 
IC6 
IC7 

PARTS LIST 

5kn trimpot 
240.11, Y..W, 5% resistor 
20Mn, Y..W, 5% resistor 
1 Mn, Y..W, 5% resistor 
100kn, Y..W, 5% resistor 
5.1 kn,Y..W, 5% resistor 
4.7kn, Y..W, 5% resistor 
10kn, 1W, 5'1!> resisto~ 
470 - 1000 m F, 25 V capacitor 
10mF, 25WVoc solid tantalum capacitor 
6 - 25pF variable capacitor. Sprague QT1-18 
4 - 30pF may be used. 
25 - 27pF, disc ceramic capacitor 
O.OlmF disc ceramic capacitor 
100mF, 25WVoc capacitor 
0.05mF, 200WVoc capacitor 
IN4003 
10 -16.5V AC@ 300mA transformer 
LM317T voltage regulator 
MM5865 universal timer 
CD14511 decoder/driver/latch 
DS8877 or DS75492 digit driver 
RA07 - 150 resistor array 
74C02 quad 2-input NOR gate 
CA3059 zero voltage switch 

, NSB5411 HULL D1GITS 

Triac 
Fl 
XTAL 

Sl, S3, S5 

S2 

S4 
S6-S9 
SlO 

Sll 
S12 
Display 

Heat Sink 
Misc. 

HEP Rl723 
1 A fast or normal ,blow fuse 
32.8 kHz crystal (32.768kHz 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-l-10. 
SPST toggle switch 
SPDT toggle switch (oPtional) 
National Semiconductor NS85411 4-digit 
multiplexed display. 
TO-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; 
fuseholder; appliance control box, #LMB 
C.R.-234; 115V Ai: chassis mounting socket; 
miniature jacks; phone cable (shielded); IC 
sockets. 

II"'~ --'------- 3,OO"~------.t~1 RED FACE PLATE 

PIN CONNECTIONS 

ANODE G -PIN 1 
ANODE F -PIN 2 
ANDOE E -PIN 3 
ANOOE 0 -PIN 4 
ANODE A -PIN 5 
ANODE C -PIN 6 
ANODE B -PIN 7 

ANODE AM/PM INDICATOR -PIN 8 

PIN 16- ANODE COLON TOP 
PIN 15- CATHDDE,5 
PIN 14- CATHODE 4 
PIN 13- CATHDOE 2 AND 3 
PIN 12- CATHODE 1 AND AMIPM 
PIN 11- LIGHT SENSOR 
PIN 10- LIGHT SENSOR 

PIN 9- ANODE COLON BOTTOM 
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Programmable TV Timerl 
Time-Channel Display 

This application note describes an on screen TV real 
time and channel display based on the MM53107, 
MM53100 and MM5840 MaS/LSI integrated circuits. 

The sample was assembled in a small (15 x 6 x 8 cm) 
box, connected to the TV chassis with 10 wires. A 
Grundig portable black and white Triumph set was used. 

The highlight features of the clock are: 

• 8, or optionally 5·digit time display 

• Channel number display and remote channel select 

" Programmable TV ON timer 

• Choice of ON durations, and safety turn·OFF 

• Remote manual TV ON and OFF 

• Display option with or without frame 

• Low power consumption 

• Battery back up for power failure or OFF TV mode 

BASIC DESCRIPTION 

The time base for the on screen clock is a pulse generator, 
consisting of a 2.097152 MHz crystal and an MM53107 
divide·by·34952 oscillator/divider which delivers a buff· 
ered 60 Hz pulse. A CMOS inverter/amplifier is provided 
between the oscillator in (pin 5) and osci Ilator out 
(pin 6) terminals. The 20 MQ resistor R 1 is required, to 
bias the inverter for Class A amplifier operation. Capac· 
itors C1 and CT1 provide the parallel load capacitance 
needed for precise tuning of the quartz crystal (Figure 1). 

The 60 Hz pulse frequency enters the MM53100 at pin 
20. An internal prescaler divides by 60 to obtain seconds 
of time of day. (The MM53100 will also accept 50 Hz 
input at pin 20 by utilizing pin 21 50/60 Hz select pin.) 
In the present application this pin 21 input must be a 
logical "1" in order to divide the 60 Hz output from the 
MM53107 to 1 Hz. An internal pull·down resistor is 
common to pin 21 .and when left unconnected the 
prescale divider pin 20 is programmed to divide 50 Hz 
to 1 Hz. 

Should one decide to utilize 50 or 60 Hz AC input di, 
rectly from the AC power line in place of the MM53107 
oscillator/divider, a simple RC filter should be used at 
pin 20 to remove possible line voltage transients that 
could cause the clock circuit MM53100 to gain time or 
otherwise be damaged. The input on pin 20 should 
swing between VDD and VSS. 

MM53100, MM5840 INTERCONNECTION 
(Also see Figure 1) 

On the MM53100, pins 2, 3, 4 and 5 are the clock real 
time outputs. The format is an inverted multiplexed 
BCD·code and goes directly to the display IC MM5840. 
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As the MM53100 and MM5840 are situated on different 
VSS levels, 4 pull·down resistors R2-R5 are required to 
provide the display IC with the necessary full swing 
from OV to 12V at its BCD inputs. The digital select 
inputs at the MM53100, Ox (pin 24). Dy (pin 23). and 
Dz (pin 22) are directly driven by the display IC. The 
code for each displayed digit is shown in the table 
below: 

DIGIT DIGIT DISPLAYED 
SELECT 

LINES S1 S10 x M1 M10 x H1 H10 

Ox 1 0 0 1 1 0 0 1 

Dy 1 1 0 0 0 0 1 1 
Dz 0 0 0 0 1 1 1 1 

TIME SETTING 

To set real time as well as TV ON time, 3 inputs are 
assigned: pin 17 for SET MINUTES, pin 18 for SET 
HOURS, and pin 19 for HOLD. Internal pull·down 
resistors provide logical zeros on all pins, which in turn 
force normal timekeeping function of the clock. Switch· 
ing anyone of these inputs (one at a time) to logical "1" 
by means of the pushbuttons B 1, B2 or B3 results in the 
desired time·setting function. SET HOU RS advances 
hours information at 1 hour per second and SET 
MINUTES advances minutes information at 1 minute per 
second, without carryover into the hours counter. SET 
MINUTES also resets the seconds counter to all ~O's. 

Logical "1" at the HOLD input stops the clock (pulses) 
to the minutes counter and resets the seconds counter. 
Activating SET MINUTES and SET HOU RS simulta· 
neously resets the displayed counters to all D's (Midnight). 

In addition to its function as a clock, the MM53100 
functions as an alarm clock. It is possible to preset a 
time at which, when it coincides with real time, the 
device will activate certain outputs. This is done by 
switching the display control input, pin 16 with S4. 
When taken to logical "1 ", real time is disabled from the 
display. It is now possible to set an alarm time (displayed 
on the screen) at which the TV will be automatically 
switched ON. This TV ON time setting is controlled by 
SET HOURS and SET MINUTES switches. The display 
control input has internal pull·down resistors to VSS. 
When taken to logical "0" or in open circuit condition, 
real time is displayed and the SET HOU RS and SET 
MINUTES inputs operate the real time counters. 
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DURATION OF TV ON TIME 

It is possible to determine the TV ON duration with 
connections to the period select inputs X (pin11) and Y 
(pin 12). The inputs are either permanently wired or 
connected to a 2-pole, 4-way switch (S5 on Figure 1) 
according to the following table: 

Period Select Inputs View Period Programmed 

X y 

0 0 5 Mins 
0 L 10 Mins 
1 a 20 Mins 
1 1 30 Mins 

Internal pull-down resistors at the Period Select inputs 
make it unnecessary to wire both VSS and VDD on the 
switch S5_ 

ALARM ENABLE 

Should the user decide against viewing the TV program 
originally desired and had consequently programmed to 
start via the alarm program enable, it is possible to 
disable the alarm enable by placing a logical "1" on pin 
7 of the MM53100 (S6 of Figure 1)_ Pin 7 has an internal 
pull-down resistor to VSS keeping the input to logical 
"0" thus enabling the TV alarm enable or turn-ON 
time_ 

TVON OUTPUT 

Pin 8 of the MM53100 provides the ON/OFF signal to 
the TV chassis_ If pin 8 is in a logical "1" state the TV 
is in a standby-OFF mode. There are 2 possible ways 
this output can be taken to logical "0" to switch the TV 
to ON. 

If the alarm enable is ON (logical "0") and real time 
coincides with the programmed ON time 

Or if pin 14 (manual ON input) is taken to logical "0" 
(B4 on Figure 1). 

Either of the above conditions will switch transistor Q1 
and its corresponding relay. The TV ON output will be 
"t 10gic~1 "1" and the relay will open if either the 
programmed view period is over or the manual OFF 

Voo -4.5V 

MM53100 
R7 

input (pin 15) is brought to logical "1" (pushbutton B5 
of Figure 1). The manual ON input as well as the 
manual OFF input are provided with internal pull-down 
resistors to VSS. 

INDICATORS 

The MM53100 has 2 indicator outputs, pins 9 and 10, 
and are "Auto" ON and "View Period" indicators 
respectively. "Auto" ON indicates that the TV is ON in 
an automatic mode and is receptive to the alarm enable 
and dis"ble programming modes. 

The "View Period" indicator provides a 1 Hz output 
during the ON time suitable for driving an ON or OFF 
screen indicator. Both pins are normally a logical "1" 
until the TV is switched ON in the automatic mode. Pin 
1 0 stays on logical "0" for the duration of the auto­
matically affected ON time while pin 9 alternates between 
a logical "1" and 10gic,,1 "0" at a 1 Hz rate. 

In this application 2 LEOs driven by transistors 02 and 
03 indicate that the TV is in the automatic mode and 
that the set would be turned OFF after 5, 10, 20 or 30 
minutes if there is no manual ON signal. (B4 on Figure 
1)- If this were the case, pins 9 and 10 will go back to 
logical "1 ". Resistors R7 and R8, as well "5 R6 for the 
relay circuit, limit the base currents while R9 and R 10 
provide for equal light intensity of the LEDs_ Pin 9 with 
its switching 'transistor may also be used to make the 
TV display flash at a 1 Hz rate as an indicator that the 
set is in an "On Time Viewing Period"_ This is accom­
plished by means of 02 and a quad NAND gate 
MM74COO. A 4 MHz oscillator is switched ON or OFF 
at pin 1 (Figure 2). 

STANDBY 

The standby control input, pin 6, has an internal resistor 
to VSS. Its function is to sense when the line generated 
12V supply within the TV is turned OFF by the power­
switch SO and in turn disables the LED and relay­
output (pins 8, 9, and 10). This input prevents the 
batteries from being drained by the base-current of 
transistors 1 through 3, in case the manual ON switch is 
accidently pushed while the TV set is disconnected from 
the power AC line. 

FIGURE 2_ TV-Display "Flasher" 
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MM5840 

MM5840 is the channel number and time display circuit. 
It operates with a 4 MHz clock input generated by a 
3-stage CMOS inverter oscillator MM74COO. Variations 
of frequency are achieved by selecting C2, R 11 and R 12 
according to the following expression: 

f = ---------
0,4 Rll 

2R12C2 +0,7 
Rll + R12 

This oscillator serves as a time base for the display 
duration of 1 line scan. Sixty 4 MHz pulses are internally 
counted by the horizontal counter. The display is 
effected only during this counting time, and therefore, 
an increase of this frequency will result in a narrower 
display format (and vice versa). Because the duration of 
1 line sweep is about 60 ps [0.25 ps (4 MHz) x 60 
(count till 60) = 15 ps] the width of the display is 15 ps';-
60 ps, about one fourth of the screen width. In contrast 
to the horizontal counter which uses an external 4 MHz 
oscillator, the vertical counter makes use of the TV 
generated line pulses to enable display during 1 picture 
period. Both counters are enabled by 2 corresponding 
monostable flip-flops. The pulse width and the display 
position on the screen can be adjusted by an external 
RC network. Potentiometer' Pl defines the horizontal 
position and potentiometer p2 defines the vertical. Pin 1 
of MM5840 is the oscillator inhibit output. It is normally 
low, but will go high for the display duration within 1 
line, (i.e. the above mentioned 15 pseconds and 14 times 
r r 1 picture sweep). The height of the display format 
I. '4 lines, defined by the vertical counter. With the 
10gic.1 "1" trigger signal from pin 1 of the MM5840 at 
the first NAND gate, the oscillator is triggered and 
enabled during the real readout time. This trigger is 
important, because it guarantees a stable display. In this 
way the display start per line and picture sweep is always 
exactly the same. Also, the oscillation period and there­
by power consumption of the CMOS oscillator is reduced 
to a minimum. 

Pins 18 and 19 of the display chip get the horizontal and 
vertical trigger signals from the TV via the switching 
amplifiers 04 and 05. Care should be taken that these 
input pulses have sharp edges for a clean and stable 
display as'they represent the intrinsic time base for the 
display. 

DISPLAY MODE 

By means of pins 7, 11 and 26 it is possible to control 
the display mode. If the mode control input, pin 11, is 
switched with S9 to logical "1 ", time and channel num­
ber are displayed, while a logical "0" w\ll. display in a 
channel number only. 

A logical "1" at pin 7, (digit select input) results in an 
8-digit time display, namely hours tens, hours units, 
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colon, minutes tens, minutes units, colon, seconds tens, 
and seconds units. The last 2 seconds digits and the colon 
are switched OFF by logical "0". 

Pin 26 is a monostable output, operated by selecting the 
channel number. Leaving it unconnected means perma­
nent channel number display. With a logical "1" the 
channel number is disabled. With the help of an external 
RC network, (the resistor R19 going to 12V), it is 
possible to display the channel number for a duration 
defined by the time constant. Resistors Rl0 and R21 
are the necessary pull-down resistors which provide the 
logical "0" information when the respective switches 
are opened. 

Pins 22, 23, 24 and 25 are the channel number inputs. 
The MM5840 accepts a binary plus 1 coded input signal. 
It is more convenient to employ a directly coded BCD 
switch instead of wiring a rotary switch. Pull-down 
resistors R22-R25 prevent the inputs from floating due 
to the high input impedance. 

BCD TO 1 OF 10 DECODER 

Parallel to the channel number inputs of the MM5840 
are the inputs of the MM74C42, which decodes the BCD 
signal to 1 of 10. (Figure 3.) The sensor keys on the TV 
used, require ground potential for switChing the channels. 
Because of its normally high output the M M74C42 is 
ideal for this application. 

VIDEO DRIVE TO CRT 

Pin 15 of the MM5840 provides the videosignaL By using 
a high voltage (VCE) transistor like the NSD3440·it·is 
possible to drive the cathode of the pictu·re·.tLlbe directly 
in either black and white or color. However, since the 
cathode is typically supplied with an internal driver,it 
is more simple to feed the clock video signal at the base 
of this driver, taking advantage of the TV internal filter 
devices between collector and cathode. In this case any 
fast switching low Beta transistor can fill the position of 
NSD3440. (The details are shown in Figure 4.) 

DISPLAY FRAME 

Pin' 12 provides square pulses synchronous to the video 
pulse sequence per line in order to generate a frame 
around the display. By interconnection of different pins 
on the PC board (Figure 5) it is possible to effect 4 main 
options: black numbers, white numbers, dark frame with 
bright numbers, or bright frame and dark numbers, by 
using the fourth gate of the quad NAND gate MM74COO 
(as indicated by the dotted line in Figures 1 and 4), 06 
fulfills the function of a differential stage as the 2 posi­
tive signals are fed in at the base and emitter. A capacitor 
C6 speeds up 06. In this mode of operation, the display 
is never brighter than the brightest screen picture, because 
the collector of 06 can not go higher than the output 
level of the picture IF device. However, by means of 
R29, the. base of the cathode driver transistor can be 
adjusted for the display time per sweep, for a good 
balance between clock display and screen picture. 



POWER SUPPLY 

The TV's transformer, rectifier and load capacitor are 
in action only in the standby position. All the other TV 
devices are interrupted by Sl of the relay. The D·C 
power at the load capacitor, which varies from 15V 
when the TV is ON to 22V in standby, is regulated by 
means of an LM340·12 to a constant 12V for the clock 
supply. As the TVis OFF (in standby) it is only necessary 
to run the clock IC and 2 MHz oscillator/divider which 
are the circuits responsible for real timekeeping. Channel 
display and channel select, 4 MHz oscillator, display IC 

12V 

8 12 

4 13 
BCD 

SWITCH 2 14 

1 15 

8 

MM5840, channel number decoder MM74C42, BCD 
channel switch and the switching transistors (with the 
exception of 01) can all be turned OFF. The VSS of all 
these devices is interrupted from the TV's ground by 
means of S2, operated in parallel with Sl by the relay. 
As it can be seen, only 3 main circuits are closed in 
standby: the voltage regulator circuit, the circuit of 01 
which switches the coil of the relay, and the charging 
circuit for the batteries (Figure 6). 
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FIGURE 7. Voltage Regulator 

The voltage regulator circuit provides a constant 12V 
with the set in standby or in ON position. A simpler 
method also provides the necessary 12V (Figure 7). 

A zener diode alone would not be suitable. The total 
supply current of the clock system will rise to about 
80-100 mA when the TV switches ON in the automatic 
mode of operation because 02 and 03 will switch, 
powering the LEDs. To guarantee a clean switching of 
the relay without a drop down of the positive voltage, 
this circuit needs a quiescent current to' run through the 
zener diode during standby. This current is only about 
8 mA using the LM340T12. 

With 01 constantly connected to 12V, the necessary 
3 mA is guaranteed for switching the relay. D24 elimi· 
nates voltage peaks at the moment of switching. I.n 
standby, the current through this circuit is O. 

This arrangement insures that the batteries are always 
fully charged to run the MM53107 and MM53100 totally 
and independently from the AC power line in case the 
TV is switched OFF by the power switch. The quies· 
cent current of the"" MM531()7 and MM53100 is about 
170 !lA. This current will rise to 0.6 mA from the bat· 
teryif the manual ON switch is set, because the 
MM53100 provides a base current of about 0.4 mA 
to 01. 

Dl prevents the batteries from being drained by 
components going from 12V to ground. This is true for 
the BCD switch together with the 4 pull·down resistors, 

'. or the mode and digital select switch with its correspond· 
ing pull·down resistors. After switching the TV from 
OFF to standby position, the voltage between VDD and 
the switched OFF VSS will not be zero, but approxi· 
mately 3V depending on the position of the BCD switch 
and how many VDD switch~s with pull·down resistors 
are closed (Figure 1). 
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The small amount of current of about 2 mA, 'plus the 3V 
on the inputs of the ICs is of no real consequence as they 
are controlled by the voltage regulator and TV power 
supply, except that the 3V may cause the MM74COO to 
oscillate and drain more battery current. Whether it 
oscillates in this state is a matter of chance depending 
on the logical state of the oscillator inhibit output when 
the VSSis interrupted by S2. If the 2 mA can be 
tolerated a 4.7k pull-down resistor R30 at the oscillator 
inhibit output will keep the MM74COO from oscillating. 
Otherwise diodes can be added to all signal lines to the 
TV circuitry. The leaking circuit is generally interrupted 
without affecting the normal signal path_ 

The total quiescent current during standby consists of 
10 mA, 8 mA voltage regulator current and 2 mA 
battery charging current. C7 across the input of the 
LM340T12 is important, to avoid oscillation caused by 
the long wire from stray capacitance within the TV to 
the voltage regulator. 

CLOCK ACCURACY 

How precise should the 60 Hz pulse frequency (adjusted 
with Cl) be in order to guarantee the usual accuracy 
in consumer clock devices of less than 1 minute per 
year? The measurable reference is the buffered 60 Hz 
divider output at pin 1. A direct measurement of the 
HFoscillator, say at pin 5 or 6, would influence the 
frequency by the inevitable load capacitance of the 
frequency counter employed for this measurement. 

A separate high frequency buffered output was not 
made available in the MM53107 because of the increased 
battery drain that would result. A coupling loop over 
the crystal could be used to pick up the frequency. A 
deviation of +1 minute per year means a deviation of 
+3600 pulses at pin 1. More than 1,892,160,000 (60 x 
60 x 60 x 24 x 365 = 1.89216 x 109 pulses per year), 
the number of pulses with a 60 Hz frequency. As a 



frequency counter down to 60 Hz is not available every­
where, it is more reasonable to measure the period of 
60 Hz, which is 16,6666 ms_ 

The period has to be adjusted to values between 
16,66664 ms (60,00009 Hz), or 1_892162700 pulses per 
year, and 16,66669 ms (59,99991 Hz): 1,892,150,700 
pulses per year. In the first case the clock will be 0_75 
minute in advance of real time, in the second case it will 
be 0_83 minute late per year. With a capacity range of 
5-36 pF for C1 it is not too difficult to achieve this 
result_ 

The pulse frequency is still dependent on 2 parameters: 
the supply voltage of the MM53107 and ambient temp­
erature_ The deviation of the clock in terms of minutes 
per year versus VBatt is shown in Figure 8_ 

It is to be seen that with a higher battery voltage, e.g. 
4.5V, the deviation of the clock per V ~ 0.5V is almost 
half the deviation at lower voltage operation. 

The influence of temperature falls within a similar range. 
The average value, when the whole clock device was 
heated from 22°C up to 50°C, showed a typical period 
shifting of +0.0001 ms. This represents about 3 minutes 
of deviation per year, assuming that the clock was 
adjusted at 22°C and that the TV reached a maximum 
temperature of .50°C. It is also assumed that the TV 
remains in constant operation. 

This error can be greatly reduced however, if the 
calculation is based upon the fact that the TV is not in 
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continuous use. With a typical ON-time of only 3 or 4 
hours per day, the error due to temperature would only 
be about half a minute per year. 

THE MM53100 OFF-SCREEN CLOCK 

The flexibility of the programmable TV timer really 
becomes clear in Figure 9 where it is shown in a LED 
display application. The MM5840 display circuit in 
Figure 1 is traded with a OS8664 decoder driver. Two 
additional standard low cost CMOS ICs convert the 
clock from ON screen to OFF screen LED, maintaining 
all timer features as previously described. 

The OS8664 is in this approach the workhorse_ The 
internal oscillator, tuned for high frequency (130 kHz) 
with low cost small capacitors, is fed to the MM74C90 
counter. This counter terminates the count at Code 8, 
and is used to step the X, Y, Z input of the timer chip, 
also driving the decoder port of the OS8664. The digit 
drive capability of the IC can easily handle the peak 
current of 350 mA for a 0.8 inch display. The interdigit 
blanking is taken care of by adding the clock to pin 6 
(this avoids any ghost effect!. 

The multiplexed BCD clock information is inverted and 
7-segment encoded by MM74C04 and MM74C48. 

All .Ievel Shifting between the battery operated and the 
power supply 12V driven parts of the circuit is taken 
care of by resistors. 

" -4 -2 0 2 4 6 B 10 12 14 

MINUTES PER YEAR (MINUTES) 

FIGURE 8_ Drift vs VBATTERY 
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MM54240 Asynchronous 
Receiver/Transmitter Remote 
Controller Applications 

Introduction 
The MM5420 Asynchronous ReceiverlTransmitter Remote 
Controller is a low cost, easy·to·use circuit for serial data 
transmission applications. The circuit is fabricated in 
the N·channel metal gate process which gives It a wide 
supply voltage range (VDD = 4.75V-11.50V) and TTL com· 
patibility. 

A typical application would consist of an information 
handling center and up to 128 information gathering and 
information supplying stations. The information handling 
center would be composed of one MM54240 circuit inter­
faced to a microprocessor I/O system. The MM54240 in 
this instance is called the "master" circuit. An infor· 
mation gathering and supplying station would be one 
MM54240 interfaced to a A·to·D converter/D·to·A conver­
ter system or a digital peripheral system or any informa· 
tion source/destination. The MM54240 in this instance 
is the "slave" circuit. 

The simplest way to interface such a system is by means 
of a twisted pair or a coaxial cable. A pull·up resistor is 
necessary on this communication line since the circuit 
drivers are open drain outputs. Care should be tallen to 
reduce capacitance and resistance on this line. With the 
use of pulse width modulation techniques, frequency 

DATA BUS 

t ADDRESS BUS 

MICRO- 7 
PROCESSOR 

CS 
R MM54240 

W "MASTER" 

S 

National Semiconductor 
Application Note 249 
J. Hong 
May 1980 

tolerance between the circuits is broadened. This 
feature is extremely desirable since the need for an ex· 
pensive crystal controlled oscillator or ceramic resonator 
is eliminated. Furthermore, critical timing schemes with 
start and stop bits are not used. In addition, a debounce 
circuit is incorporated which contributes greatly to the 
noise immunity feature of the circuit. 

Circuit Description 
A functional block diagram of the MM54240 is shown in 
Figure 2. The Control Logic section consists of the 
switching functions of the circuit. The PWM encoder/de· 
coder encodes and decodes the pulse width modulation 
data format. The Shift Registers store and shift the data. 

Temperature Control and Security 
Application 
The MM54240 can be used in many different types of low 
to medium speed processor controlled applications. For 
a system with 128 "slave" Circuits, the time that it takes 
to interrogate all "slave" circuits can range from 1 to 2.5 
seconds depending on the oscillator frequency of each 
individual circuit. 

V+ 

#1 

MM54240 ADC/DAC 
"SLAVE" SYSTEM 

#2 

MM54240 
"SLAVE" 

III 

• .. UP TO 128 • • e 
• • 

Figure 1. Typical System Block Diagram 
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The following example illustrates a possible in-the 
home use of such a system. A set of MM54240 circuits 
are used for controlling the temperature of the various 
rooms inside the house, the security of the windows and 
entrances, and also for turning the lights on and off when 
certain events take place. The processor controlling the 
system is a COP421 L and it is directly interfaced to the 
MM54240 "master" circuit. Three address inputs of the 
"master" circuit are not used and they are tied directly 
to the power supply. A maximum of 16 "slave" circuits 
are then· possible. They will start with address 112 and 
go up to 127. The "master" circuit has the Data 1/0 ports 
interfaced to the L 1/0 ports, the Address inputs inter­
faced to the D 1/0 ports, and the Control inputs interfaced 
to the G output ports of the COP421 L. The Mode input is 
tied to VDD to select "master" operation and the only ex­
ternal components are the R-C's connected to each cir­
cuit. The power supply terminals are shared between 
the two circuits. 

The heating system of the house consists of a furnace 
with a multi-speed air blower. A thermocouple thermo­
meter installed in each room supplies the temperature 
information to the processor. The amount of air flowing 
into a room is controlled by a variable ventilation 
grating. When the temperature of the room falls, the 
ventilator opens further to let in increasing amounts of 
warm air. When all the rooms are sufficiently heated, 
the furnace is turned off. The temperature in different 
rooms may not be the same since the processor can 
control and adjust them to a programmed setting. 

The first "slave" circuit has hard-wired address 112 and 
it is used for furnace control. The control (C1, C2) inputs 

ADDRESS INPUT 

CLOCK 
GENERATOR 

PWM 
ENCOOERI 
DECODER 

t 

are set up for (0,1) the low impedance output port selec­
tion. D1 of the D outputs is used for furnace ignition. The 
other D outputs are used for controlling the air blower's 
variable speed. The second "slave" circuit has hard­
wired address 113 and it is used for temperature sensing 
and ventilation opening control. The control (C1, C2) in­
puts are set up for (0,0) 4 in/4 out selection. D1"D4 are 
low impedance output ports for controlling the ventilator 
opening; Ds-D8 are high impedance input ports for re­
ceiving temperature information from the thermocouple. 

The third "slave" circuit has hard-wired address 114 and 
it is used for security purposes. The control (C1, C2) in­
puts are set upfor (1,0) the weak pull-up option. The pro­
cessor will have to initialize the output latches by loading 
logic ones into them. The D6 1/0 port is for Arming and 
Disarming the alarms. This is accomplished by a locking 
switch shorting the 1/0 port to Vss when armed. The D1-DS 
1/0 ports are connected to doors and windows. When 
they are shut, the 1/0 ports are shorted to Vss. When a 
window or door is opened, the voltage level of that 1/0 
port will increase. When the COP421 L processor detects 
this change, it will enable the alarm at the D8 1/0 port 
and turn the light on at the D7 1/0 port. The processor 
can also be programmed to turn the light - D7 1/0 port 
- on when one or certain doors are open. 

The second and third "slave" circuit configurations can 
be duplicated for other rooms. Each "slave" circuit has 
an optional clear switch in case the processor circuit 
fails and the "slave" circuit outputs have to be over· 
ridden. 

DATA 1/0 

CONTROL 
LOGIC 

CONTROL 
INPUTS 

Figure 2. Circuit Functional Block Diagram 
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Figure 3. Temperature Control and Security Application 
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Power Line Transmission 
A MM54240 system can be interfaced using other tech­
niques. The pulse width modulated information can be 
transmitted bY.carriers like Radio Frequency, infra·red 
waves, 'power line transmission or any other suitable 

DATAl 
.... ADDRESt 

~DNTRDLr 
SERIA~ 

PROCESSOR MM54Z40 
"MASTER" 

I 

.... DATA III. 
SERIAL ... r 

PERIPHERAL MM54Z4D 
"SLAVE" 

CS 
I 

POWER LINE 
TRANSMISSION 

INTERFACE 
CIRCUIT 

~ 

I-

DATA 

XMITI 
RECEIVE 

+ 
PDWER LINE 

TRANSMISSION 
INTERFACE 

CIRCUIT 

DATA 

XMIT/· 
RECEIVE 

+ 

110V 
60Hz 

AC 
II 

" 
.----.. 

... ---

" II 

Figure 4. Power Line Transmission Application 

medium. For power line transmission applications, an 
interfacing circuit is used to modulate the information 
on the 60 Hz AC lines. For the "master" circuit, the pro­
cessor must generate a signal to control the direction of 
transmission of the interface circuit. For the "slave" 
circuit, the chip select (CS) output is designed for this 
purpose and can be used directly to control the direction 
of transmission of the interface circuit. 

Radio Frequency Transmission 
A Radio Frequency transmission system can be built in 
a similar structure. An 110 multiplexing circuit has to be 
designed to direct the flow of the transmitted data. 

Conclusion 
The MM54240 is a flexible, easy-to-use, and adaptable 
circuit. It can be used in any application where a serial 
data transmission is desired. The transmitted data is 
pulse width modulated. This gives ,it desirable features 
such as a low. cost oscillator, wide 'frequency tolerance, 
and excellent noise immunity. Up to 129 MM54240 cir­
cuits can be used for anyone system. The circuit is fab­
ricated in the N-channel metal gate process. Designed 
with National'sMICROBUSTM structure in mind, the cir­
cuit is easily and directly interfaced to most.micropro­
cessor systems. 

Figure 5. Radio Frequency Transmission Application 
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Applications and Uses of 
the MM5321 TV Camera 
Sync Generator 

1. Introduction 
The MM5321 has been introduced to replace the older 
MM5320 and correct some difficulties associated with that 
part. It is a plug·in replacement in almost all applications. 

Major Differences and Improvements are: 

• Horizontal reset control allows resetting to beginning or 
center of horizontal line. 

• Vertical (field) index pulse with both 1.26 and 2.045 MHz 
clock. 

• Improved clocking characteristics. 

• Vertical interval always generated after vertical reset 
pulse at pin 5. 

• Vertical sync separator included. 

Power Supplies 

The MM5321 is designed to operate from a total supply 
voltage of 17 volts, or various combinations to supply a 
total of 17 volts. Interfacing to TTL or CMOS is best ac· 

National Semiconductor 
Application Note 250 
Edwin Schoell 
May 1980 

complished using +5V and -12V as shown in Figure 1. 
Note that no ground is needed for the MM5321, but it is 
used as the power return for peripheral chips. 

Input Interfacing 

Since the MM5321 is a P·channel device, input switching 
thresholds are with respect to the most positive (Vss) 
power supply voltage. For this reason, it is important to 
use the same regulators, or insure the 5V supply to the 
driver chip is the same as the 5V supply to the MM5321. 
Problems with poor clocking can often be traced to drive 
levels not coming to within 1.5 volts of the 5V supply to 
the MM5321.ln some cases, the addition of a 470Q pull·up 
reSistor from Clock input to Vss will solve the problem. 

Input clocking problems have also been found with low 
duty cycle waveforms of the 2.048 MHz clock. A look at 
the data sheet will reveal that a 50 percent duty cycle is 
best, but 3 to 4 on/off (43%·57%) ratio is satisfactory. 
This can be obtained from a properly configured divide 
by seven counter from a 14.31818 MHz clock. 

5V vss 

TTL OR 
CMOS 

27k 

MM5321 

27k 

2 1 

r 
-12V RESISTORS 

TTL OR 
CMOS 

NfEDED FOR 
CMOS INTERFACE 

- NOT USED FOR TTL 

VSS=5V------------------------

VSS=1.5V_ --- ---- LIMIT 

HI LOW INPUT LOGIC LEVELS 

O.5V - --- ---- LIMIT 

Figure 1. Input/Output Interfacing 
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Two schemes for driving the MM5321 are shown in 
Figure 2. The first shows a CMOS gate oscillator/buffer, 
while the second uses a transistor crystal oscillator and 
a TTL up-counter programmed to divide by seven and 
produce a 3 to 4 on/off ratio for the MM5321 clock input. 
In color applications the 14.32 MHz is also divided by four 
in a shift register type of counter to produce quadrature 
3.58 MHz for the systems chroma modulators. 

All other inputs should be tied high or low depending on 
the application of the part, with the exception of the hori­
zontal reset, which is internally pulled down to VGG. 

Output Interfacing 

The MM5321 will drive 1 TTL load when operated with 
+5Vand -12V supplies as shown in Figure 1. The output 
structure is an active device to Vss and a current source 
load to Voo, Figure 3. When interfacing to CMOS, a 
27 kQ current limit resistor must be used to prevent 
damage to the CMOS inputs when. the protection diode is 
turned "on". 

5.6k 

14.31818 

c::::::::J 

15k 

2. Some Applications 
The most basic application of the MM5321 is a TV 
camera sync generator, where it will generate all the 
usual drive signals as well as high quality composite 
sync. In this application, little interfacing is needed. 

Genlocking 

In some systems, it is necessary to lock the sync genera­
tor to another source of sync. This is commonly done by a 
process called "genlocking" in which the two generators 
are either fed from the' same master (2.045 MHz) clock, or 
the crystal oscillator of one generator is phase-locked to 
vertical or horizontal sync of the master generator. 

The vertical divider may be reset either by feeding com­
posite sync to the vertical reset control, or by feeding 
differentiated (short pulses) of vertical sync to the verti­
cal reset pin of the MM5321. 

:;t 2 pF 

MM5321 

Figure 2_ Input Clock Generating Schemes 

Vss 

INPUT <H~-II 

OUTPUT 

Voo 

Figure 3_ MM5321 Input/Output Circuits 
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Figure 4 shows a genlock application. External hori­
zontal sync is used as a reference to a phase detector 
which compares to the horizontal sync generated by the 
MM5321. The error signal controls the clock to the 
M M5321. In order to insure exact horizontal and vertical 
timing, external composite sync is fed to the Vertical 
Reset Control of the MM5321. Circuitry inside the 
MM5321 decodes the vertical interval of the external 
sync generating a vertical sync pulse to reset the verti­
cal counter of the MM5321. In effect then, this input 
acts as a vertical sync separator. 

A disadvantage of this approach is that there is a one 
frame delay between the source and the MM5321, so that 
serration pulses of the slave will begin one half line 
earlier than that of the source. 

A more precise genlock application is shown in Figure 5. 
Phase locking is done at 3.58 MHz, vertical is reset with 
the leading edge of a vertical sync pulse derived from 
incoming video with the vertical control of the MM5321 

5V 

10k 
HORIZ 
RESET 

COMP~~IJ~ _=_---1 

MM5321 

HORIZ SYNC _-------' 

resetting to the eleventh half line of generated sync. 
CompOSite sync resets the horizontal divider chain for 
clock periods before horizontal sync resulting in a f'S 
delay between master and slave. Horizontal drive may 
be used to reset the horizontal counter to within one 
clock period or 0.5f's of master sync. In order not to 
produce double frequency horizontal drive during the 
vertical interval, horizontal sync from the master is 
gated with vertical drive from the slave. 

It should be noted in the above application that if the 
phase lock were omitted, and the 2.048 MHz OSC were 
allowed to free run. the MM5321 would still maintain 
vertical and horizontal lock with the source. However. 
timing errors will build up with time and since the 
counters in the MM5321 can only be reset in 1 divided by 
2.045 MHz or 500 ns intervals, the effect will be to shift 
the position of horizontal sync 500 ns (1 % of 1 horizon· 
tal line) every few lines depending on how far apart the 
two clock sources are. 

VOLTAGE 
CONTROLLEO 
OSCILLATOR 

Figure 4. Genlocking 

SYNC 
SEPARATOR 

COMPOSITE 
SYNC FROM 

MASTER SOURCE 

Figure 5. Genlocking with Color· Burst Phaselock 
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As an example, assuming a 0.1 % error in clock frequen· 
cy, after 1000 clock cycles. the error between clocks will 
be 1 clock cycle or 489 ns and the horizontal counter will 
reset one line earlier. 1000 clock cycles occur in 4891's, 
or once every 7.7 horizontal Ii·nes. 

The effect will be a sawtooth appearance on a vertical 
line displayed on a display. 

3. PAL and Other Non·Standard 
Applications 
The MM5321 may be used with some external circuitry 
to generate approximately correct PAL sync. By using 
the vertical control on the even line after 50 Horizontal 
lines are counted, the divide by 525 is reset to 5'12 lines 
from zero. The field reference is slightly reduced to give 
horizontal rate of 50 Hz. It can be seen that for 819 lines, 
147and 152 extra pulses are needed. 

Figure 6 shows a realizable circuit, the MM5321 provides 
all the necessary wave forms as in the 525 lines case. A 
divide by two provides odd and even field identification. 
A programmable counter is toggled at half field rate be­
tween the counts of 50 and 55; The MM5321 is reset at 
these times, the combinational logic around the 74C93 
is toggled to detect alternately the 10th and 11th counts. 

1.25 MHz 

o -5V 
10k 

50 PFI 
":" 'h74C04 

74C90 

VCC= 
+ 12V -------1 11 14 

The ensure reliable reset of the 74C93 counter an extra 
delay was provided by a 74C14 inverter. The vertical drive 
sets an R-S flip flop at a time. The divide by la/divide by 
11 counter is enabled to count five, ten, or eleven 
pulses, the R·S flip flop is reset by the output of the divide 
by 5 counter. 

The circuit now awaits the next vertical blanking pulse. 

Specifications 

Line Period 
Line Blanketing 
Front Porch 
Horizontal Pulse 
Back Porch 
Burst 
Field 
Duration of Field Sequence 
Field Blank. In!. 
No. of Serrations 

641-'s 
11.21-'S 

1.61-'S 
4.81-'S 
4.81-'s 
2.4l-'s 

50 Hz/312 = 313 
91 H 

21 H lines 
6 

In conclusion it can be seen that this sync generator 
does not exactly conform with CCIR specs. However, 
there should be a few applications where these wave­
forms would be ample. 

VGG= 
-5V -------1 MM5321 6 t------..J 

16 15t-.-------------~~ 

lOOk 

-5V 

CMOS SUPPLIES ARE +12V AND OV 

Figure 6. PAL Application 
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A Broadcast Quality TV Sync 
Generator Made Economical 
through LSI 

The growing number of applications of video tape recor­
ders and TV cameras in the consumer market have re­
sulted in the need for a single-chip LSI integrated circuit 
TV camera sync generator. The National Semiconductor 
MM5321 TV Camera Sync Generator has been developed 
to economically provide the basic sync functions for 
color and monochrome, 525 line, 60 Hz, interlaced appli­
cations - and provide it with the reliability and accuracy 
of a digital IC system. A Metal-Oxide-Semiconductor 
(MOS) technology was chosen as the most economical 
method of obtaining the necessary circuit density and 
speed. 

Figure 1 shows the simplified block diagram and Figures 
2 through 5 are the timing diagrams of the generator. 

All inputs and outputs of the 14-pin device are TTL com­
patible without the use of external components. Two 
supplies are required, with the nominal difference be­
tween them 17 volts. Ambient temperature may be varied 
between -25°C and +70°C. 

The output functions provided are Horizontal Drive, Ver­
tical Drive, Composite Blanking, Composite Sync, and 
Color Burst Gate. In addition, a Field Index output func­
tion identifies a particular field, and a Color Burst Sync 
output presents a pulse at half the horizontal rate, but 
otherwise identical to the Color Burst Gate, and may be 
used to synchronize the color burst with the generator. 

OIVIDER 
CONTROL 

National Semiconductor 
Application Note 251 
Robert B. Johnson and 
Eugene H. Campbell 
May 1980 

All output functions are derived from the clock applied 
to the Master Clock input. The user may select either of 
two input frequencies by selecting the proper horizontal 
divider, which is accomplished by hard-wiring the Divider 
Control pin to either the Vss (most positive) or VGG (most 
negative) power supply. 

In color applications, a frequency four times the color 
burst is usually available to generate the 0 °C and 90°C 
color sub-carrier signals. Dividing that frequency by 
seven results in 2.04545 MHz, which is the input clock 
Signal to be used when the Divider Control pin is con­
nected to Vss. With the control pin wired to VGG, the hori­
zontal divider is programmed to acept an input signal 
eighty times the horizontal rate, or 1.260 MHz. 

The horizontal divider is essentially a 65-bit shift register 
which can be shortened to 40-bits with the Divider Con­
trol logic. Control logic also selects the proper set of 
register taps used for decoding the horizontal timing 
edges. 

One of the outputs of the horizontal divider is a signal 
used to drive the ten-stage vertical counter and a 42-bit 
shift register, which together provide the veri cal division 
and timing edges. 

Shift registers are usually very efficient logic blocks in 
MOS designs, which is why they were selected for many 
of the counters in this product. Parasitic capacitances 
may be used to store charge for periods of time that are 

VERTICAL DRIVE 

VERTICAL l ___ ~EQ:UA~lI~ZA~TlO:N~G:AT:ING~=~:l-_____ r~ 
SERRATION GATING DRIVE OUT 

! ! 
Vss VGn 

Figure 1_ Block Diagram of a TV Camera Sync Generator 
Fabricated with MOS/LSI Techniques 

6-61 

:t> z 
~ 
C1I ..... 



T­
Il) 
C\I . 
Z 
<C 

essentially dependent only on semiconductor junction 
characteristics. Thus, in MOS it is possible to design 
both dynamic and static shift registers. Dynamic regis­
ters were used for both the vertical and horizontal 
counters because in each case the clock frequency is 
well above any minimum limitation due to leakage cur­
rent considerations, and they offer a layout/size advan­
tage over static type cells. The configuration selected 

uses ten transistors and is capable of< being reset to 
either a "1" or "0" logic state< 

The vertical divider is comprised of DC flip·flops config­
ured as a ten·stage short-cycled, modulus 525, ripple 
counter. Each stage is resettable, and to accomodate 
additional vertical reset versatility, stages 1, 2, and 8 
can be set or reset. 

-II-I=H 
HORIZ~~lt I111111111111111 OV 1IIIIIIIIInl'IIIIIIIIIIIIII 

COLOR B~~t 1111 
ov 1IIIIIIIIIIIIn """ COLOR B~:~( I I I II I II I I I II r I I I I I I II 
5 1-9H-1 1--9H-1 

VER~~~e~+ I . . 1-1---------11'1 1;----
ov 

+5 ___ .-______________ ~1'~1-----------
VERTICAL I· INOEX - _ 525H OV 

+5 21" rl 1 COMPOSITE mn BLANKING . . . OV L-________ _ 

1-3H-!-3H-!-3H-1 
COMP~~~t ~1I1r-r-i-1I rTTTTillllllliillJ"lMTTTllIlI1-r-r1l1 T"T""TII.I......-r"llll.--r-rll ~II l-.mn 

ov 

MASTER CLOCK INPUT 

EQUALIZATION -1-11 1-1-EQULlZATION EQUALIZATION -I~III------:I-EQUALIZATION 
VERTICAL VERTICAL SYNC SYNC 

Figure 2. Sync Generator Output Waveforms 

I_SERRATION GATE_I l 9 TA ~ OBT If-----------------------.,.-
I EQUALIZATION FRONT PORCH_ I-GATE-I 3 TA = 0.023H ----''-----;---;1 5T.=0.0386H If--------------------

1
_ HORIZONTAL SYNC ~I 

______ -;-_-; 10 TA =0.0774H f---------------
I 

I . I 
__ HORIZONTAL ORIVE ~I 

______ -; 13 TA=0.10IH i----------------
I I ------i,. 
I 

---------------------;I~~~~A;-i_I----------15 T.=0.0386 I 
Figure 3. Horizontal Timing Diagram with the Input 

Clock Frequency Equal to 2.04545 MHz 
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10---1 I--Tn = 1.26JMHZ = aHa = 0.7941-1$ 

I 

l-sERRATION-1 I 5T, ~A~\5H r-I--------------------------

2TB ';l: 0.025H 3 iB ';l: 0.0375H 
FRONT PORCH_I I __ I_EQUALIZATION GATE 

1 

Ur------
I-HORIZONTAL-I --------c1c----;1 5TB~yoNg75H Ii---------------------

SiB =O.lH 6iB ~ 0.075H 
_HORIZONTAL ORIVE_I_ BACK PORCH_I 

-----;1 Ii-----'--I ---
I_HoRIZONTAL BLANKING_ 

14TB=0.175H 

----~ r--------------------
I I 

COLOR BURST GATE 
-- 3TB~0.0375H ------1U 

"~I 

Figure 4. Horizontal Timing Diagram with the Input 
Clock Equal to 1.260MHz 
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Figure 5. Vertical Timing Diagram 
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Figure 6. Simplified Vertical Timing Logic 

Figure 6 indicates the method of generating the vertical 
output functions. Decoding logic detects the 525th state 
and short cycles the counter by resetting it to zero. Sim· 
ultaneously, the input of the 42·bit shift register is set to 
zero and the vertical blanking and equalization gates are 
initiated. Six register clock periods later, the equalization 
gate is terminated and the serration pulse is initiated by 
the arrival of a zero state at the sixth bit of the shift reg· 
ister. Similarly, the serration gate is terminated and the 
equalization gate reinitiated when a zero is detected at 
the 12th tap and, finally, the equalization gate is termin· 
ated when the 18th tap changes to a zero. The vertical 
drive pulse is also initiated when the register input goes 
to a zero, and is terminated when the zero reaches the 
18th bit. The vertical blanking pulse lasts until the zero 
propagates to the 42nd bit, at which time the register 
input is reset to a logical "1" level. 

In some applications, particularly video recorder tape 
editing, it is necessary to identify which field of the ver· 
tical frame the system is in. For that purpose, the gener· 
ator derives a Field Index pulse which identified field 
one by occurring for two input clock periods at the lead· 
ing edge of the vertical blanking pulse of field one. Field 
one is defined as the field with a whole scanning line in· 
terval between the equalizing pulse and the last line sync 
pulse of the preceding field. 

When designing MaS circuits, one must be aware of the 
effects of power supply variations, ambient temperature 
excursions, and process variables on circuit performance. 
This is the case in design of most circuits of course, but 
MaS tends to be more sensitive than bipolar circuits 
due to increased parasitic capacitance and limited cur· 
rent drive capabilities. The speed of any MaS product is 
essentially dependent upon how fast critical capacitive 
nodes can be charged and discharged. The charging or 
discharging current is in turn a function of the size, the 
voltages applied to, and the threshold and gain factor of 
the transistor(s) supplying the current. Threshold and 
gain factor are functions of process variables such as 
gate oxide thickness, the type of substrate material and 

its impurity concentration. They are also affected by 
temperature, which reduce the fermi potential (decreas· 
ing threshold), and modifies the, carrier mobility in the 
transistor channel (which lowers the gain factor). the reo 
duction in gain factor generally has more effect than the 
change in threshold, resulting in an overall reduction in 
speed with increasing temperature. 

As far as the sync generator is concerned, this variation 
in performance as a function of environmental and power 
supply conditions could cause skewing of individual 
output timing edges, reducing the accuracy of the sync 
functions. Careful design essentially eliminates this 
problem in the MM5321. First, all output functions were 
matched for total logic delay by simulating circuit per· 
formance for all environmental and process variations, 
and then optimizing the delays to the output buffers. 
Second, all output functions are resynchronized at the 
outputs by an internal clock signal running at the input 

, clock rate, with its own optimized delay characteristics 
with respect to the horizontal divider clock. For all 
worst·case conditions the output functions reach the 
synchronizing point before the synchronizing clock. 

'Third, all the output buffers themselves are identical 
and therefore have matched delays. Thus, the design 
results in output functions, whose timing delays are 
matched with respect to each other, but will have differ­
ences in delay·with respect to the input clock on a part 
to part basis (due to variations in process variables). 
Even on a part'to part basis, maximum differences in 
delay between two parts with the maximum allowed pro­
cess variation should be less than 200ns, or O.003H, at 
similar temperature and power supply values. 
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The output buffers are push-pull using the circ,uit confi­
guration shown in Figure 7. The output transistors Q1 
and Q2 provide the sink and source characteristics 
shown in Figure 8, When interfacing directly with TTL, 
the 800Q resistor serves to limit the excess sink current 
supplied to the TIL clamp diode, by reducing the gate 
drive to Q2. This minimizes excessive power diSSipation 
on the chip and protects the TTL diode. Q8 is the logiC 
trarisfer device driven by the synchronizing clock. 
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aOOQ 

BUFFER 
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Vss 

Figure 7. Schematic of TTL Compatible Push· Pull Buffer used 
on All Outputs of the Sync Generator 
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Figure Sa. Typical Output Sink Current as a Function 
of Output Voltage 

CLOCK 
INPUT 

VOUT (VOLTS) 

Figure Sb. Typical Output Source Current as a Function 
of Output Voltage 

INTERNAL INTERNAL 
VGG CLOCK CLOCK 

Vss 

Figure 9. Schematic of Input Clock Buffer 

The most critical. circuitry in the generator, from the 
standpoint of speed, is the input clock buffer (Figure 9). 
The buffer is designed to generate a two'phase, full 
power supply amplitude clock signal from the single· 
phase low amplitude input signal. Q1 through Q4 con· 
stitute a Schmitt trigger type input stage that guarantees 
a trip·point range of Vss - 4.2V maximum for "0" levels, 
and Vss - 2.0V minimum for TTL "1" levels. When 
interfacing directly with TTL, the normal supplies will be 
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+ 5 volts connected to Vss, and -12V connected to the 
VGG pin. For a tolerance of 5%· on the Vss supply, the 
guaranteed trip'points decipher to a required input level 
more negative than 4.75V·4.2V, or 0.55V, for the "0" level, 
and a required level more positive than 4.75V·2.0V, or 2.75, 
for the "1" level. These levels are obtainable from stan· 
dard TTL without any external interface components. 
Q10 and Q11 are feedback latches which eliminate in· 
ternal clock overlap problems. 
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Figure 10. Basic Logic for Detecting. Proper State of the Composite Sync Input 
Signal for Resetting the Vertical Divider In "Gen·Lock" Operation 

To provide as much versatility as possible, a variety of 
divider reset ("gen·clock") features have been included. 
The horizontal and vertical dividers have individual Ver· 
tical and Horizontal Reset inputs which allow independ· 
ent resetting of the appropriate divider. With the inputs 
tied together, both dividers may be reset simultaneously. 

The vertical divider may be reset to either of two states, 
depending upon the DC level of the Reset Control pin. If 
the Reset Control is tied to Vss, the m9st positive supply, 
a TTL 'T' to the "0" level transition on the Vertical Reset 
pin will reset the vertical divider to all zeros, which is' 
time zero as defined by the vertical timing diagram. With 
the Reset Control returned to VGG, a Vertical Reset 
pulse will reset the vertical divider to the fifth serration 
pulse (eleven 0.5H time intervals from time zero). This 
allows the reset pulse to be generated by analog detec· 
tion of a composite sync or video signal, and used to 
gen·lock the slave sync generator within the same field 
interval. The horizontal divider is always reset to zero, as 
defined by the horizontal timing diagram. 

The Field Index output pulse occurs once during each 
field one at time zero and last for two master clock peri· 
ods. It can be used to gen·lock similar sync generator 
chips by connecting it to their Vertical Reset inputs and 
wiring the Reset Control to the Vss supply. 

Another method of resetting the vertical divider is pro· 
vided by using the Reset Control pin as an input for a 
composite sync signal from which gen·locking Is desired. 
The slaved generator detects the fifth serration pulse. 
and resets the vertical divider to the p~oper state (Figure 
10). 

The reset control logiC generates a two·phase clock with 
a frequency equal to the input clock rate anytime the 
composite sync input signal is more negative than the 
Reset Control trip-point. A 16-bit dynamic shift· register 
with its input connected to Vss is driven by the modu­
lated clock signal. When the compOSite sync input be­
comes more positive than the Reset Control trip-point, 
or If the 16th bit becomes a "1", all sixteen bits of the 
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register are reset to zeros. If the composite sync signal 
remains low for fifteen master clock periods, another 
two-phase signal is generated which acts as the clock 
for a 5-bit shift register used to store the sampled state 
of the inverted (and filtered) composite sync signal. The 
sample is the average value of the filtered signal during 
an approximately 200ns sampling window occurring just 
before the fifteenth master clock time after the compo­
site sync input signal initially went low. The input trip­
point of the 5-bit register determines whether the sam­
pled signal is stored as a "1" or "0'.' logiC state. 

Fifteen input clock periods equals time of 7.31's at an 
input clock frequency of 2.04545 MHz, and 11.91's when 
the input rate is 1.260MHz. The only Interval of the com­
posite sync waveform which is legitimately low during 
this time is the vertical sync pulse. In the present design, 
the first five serrated intervals must be successfully de­
tected before the vertical divider is reset to the proper 
state. The limitation in this design may be the difficuity 
inacutally acquiring legitimate detection due to exces­
sive noise and missing pulses in the composite sync 
input signal. If this proves to be the case, it is possible 
to eliminate the second and/or fourth bits of the 5-bit 
register as detection requirements. This should improve 
the statistical probability of getting an initial gen-Iock 
condition within a reasonable time. 

As illustrated above, the Reset Control input has a dual 
function. It selects the reset state of the vertical divider 
when hardwired to either Vss or VGG, and acts as a dyna­
mic input when gen-Iocking is to be established using a 
compOSite sync input signal. When using the Reset 
Control as the input for a 'composite sync. signal, the 
Vertical Reset pin should be hardwired to Vss. 

The MM5321 TV Sync Generator has been designed with 
both versatility and economy as the primary objectives. 
We feel it exemplifies the role of MOS/LSI standard 
products can play in providing useful consumer products 
in a manner that both large and small volume users will 
find attractive. 



Integrated Circuit 
Combination Provides Digital 
Frequency Readout with 
Digital Clock for Radios 

, A digital frequency readout is one feature which can easily 
upgrade existing radio receivers, as well as provide the 
focal point for new designs of clock radios, 3-in-1 
receivers, mid-fi and high-fi products, It is even more 
desirable when it can provide a full feature clock radio 
function using a common display. 

The M M5430 from Natio'nal Semiconductor Corporation is 
a radio frequency counter integrated circuit which drives a 
common anode LED direct-drive display to provide a 
digital frequency presentation of the frequency to which a 
radio receiver is being tuned. It is an add-on circuit; no 
changes in the basic receiver circuitry are required. It may 
either replace existing dial pointer frequency indicators or 
be used in conjunction with them. 

The companion clock IC, the MM5402N also drives a com­
mon anode LED direct-drive display, so both ICs, with few 
additional components, can drive a common display. 

For those existing receiver designs which already have a 
digital clock, the retrofit is relatively simple. The clock and 
clock display are replaced by the MM5402 and NSB584 
displays. The MM5430 and a few other components are 
added. 

The MM5430 counter accepts an input signal from the FM 
or AM local oscillator, offsets it by the IF frequency, and 
displays it. Using the pin selectable options, IF offsets for 

10.6 MHz, 10.7 MHz or 10.8 MHz in FM and 262.5 kHz, 
455 kHz or 460 kHz in AM may be chosen. 

The frequency base for the counter can be derived from 
the 50 Hz or60 Hz mains, or by using a commonly available 
4.194 MHz crystal. If the crystal option is used, the 
MM5430 provides a 60 Hz output which can be used for the 
frequency input of the MM5402 clock. This allows the 
clock function to have quartz crystal accuracy and allows 
the system to be operated from DC sources, so the system 
can be used in automobile radios. 

A pin select option provides for U.S. or European channel 
spacing, and LW band may be displayed in the AM mode. 

When the frequency remains fixed for longer than four 
seconds, the display automatically shifts to the time 
display. A change in frequency (when tuning to another 
station) causes the system to read the frequency 
automatically. 

Connection to the tuner is simple. Take-off points can be 
an additional winding on the local oscillator coil or from 
some hot point of the oscillator circuit. A divide-by-100 
prescaler, such as the DS8629N must be used for the FM 
input. Based on factors such as low LO level or oscillator 
pulling, additional buffering may be required, as well as 
some realignment of the frequency and tracking. 

The MM5430, MM5402 Circuit Applied to an Existing Clock Radio Chassis; Note that the 
Original Dial Pointer is Still Used. 
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FIGURE 1, MM5430 and MM5402 DC Operation 
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Section 7 

Custom MOS/LSI 





National 
Semiconductor 
your choice for 

Custom MOS/lSI 
Circuits 

National Semiconductor's custom MOS/LSI circuits have helped many 
companies meet the increasing demands for compact, yet sophisticated 
electronics. We're ready to put our vast knowledge and experience to 
work in designing and producing high-quality, reliable, cost-effective 
custom circuitry for your new product. With your success as our goal, 
we'll dedicate our resources to your needs and hope that you will 
consider us your own semiconductor facility. 

National Semiconductor has acquired broad capabilities in the design 
and fabrication of semiconductors since our founding in 1959. As one of 
the world's largest suppliers of semiconductor products, we have a line 
of over 6000 standard circuits, including linear IC's, microprocessors, 
memory components, digital logic circuits, hybrid circuits, converter 
products, optoelectronic components and displays, discrete transistors, 
modules and transducers, as well as MOS/LSI circuits. 

Our custom MOS/LSI design and manufacturing capabilities serve a 
variety of worldwide markets. We've developed circuits for timing 
devices, electronic organs, television receivers, AID and D/A converters, 
calculators, keyboard encoders, medical electronics, and many others. 

As your custom MOS/LSI supplier, we are keenly aware of the direct 
relationship between your success and ours. Your timely profitable 
product introduction remains our primary objective throughout the 
development cycle. 

A Working Partnership As the source of your custom MOS/LSI circuit, National Semiconductor 
will playa key role in the development and introduction of your product. 
Ideally, we'll act as one of your in-house design groups, establishing 
active communications with you early in the program and maintaining 
them throughout the development cycle. If your product is still in the 
"idea" stage, we can help you to clearly define it before circuit selection 
even begins. 

Working Alternatives National Semiconductor's custom design group is prepared to work 
with your organization on any level, from defining your system from 
concept to fabricating a circuit from your tooling. Our design speCialists 
are available for consultation -with either your staff or an independently­
contracted design firm - at any point in the development cycle. 

Depending on your· in-house capabilities, you may prefer to design 
your own circuit and supply us with either pattern generation tapes or 
working plates. Under these circumstances, access to your test tapes 
and close coordination between your logic designers and our test 
engineers will assure rigid adherence to acceptance procedures. 
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Working together 
to get the 
job done 

Custom MOS/LSI 
Circuits 

Cost Considerations Once designed, a custom MOS/LSI circuit is naturally more cost-

Competitive Considerations 

effective than standard circuits because you do not pay for unused 
capabilities. However, projected sales volume should be sufficient to 
justify the initial design investment. As demonstrated in the break-even 
graph, the custom MOS/LSI approach becomes cost-effective at around 
40 to 50 thousand units. Nonetheless, a careful analysis of increased 
operational costs associated with multiple components may indicate a 
single, dedicated custom chip for your product - even at lower volumes. 

Costs that can rise with the number of components 

Parts handling - incoming inspections, inventory carrying, 
inventory control 

External components - interconnects, PC boards, cabinetry 

Assembly""': lead insertions, solderings, initial checkout 
inspections 

Warranty service - field trips, troubleshooting procedures, parts 
replacement 

Comparative Unit Cost Graph 

15~~-------------------------------
Custom MOS/LSI ___ _ 

Microprocessor _. _. _.-
Standard Circuits II ............. .. 

, ••••••••••• ,11, •••• " ••••••••• ,11111, •••••• ,11, •••• '.11"" •• " ••• 

~ ......... 
5----------~~·~---·---·---·---·--~·~-~·~-~·-~;-~·-~·· 

50k 100k 
Quantity 

Even when standard components appear to be more cost-effective 
than custom MOS/LSI, the competitive advantages of custom circuitry 
are often well worth the initial investment. 

• Increased market share - Because custom MOS/LSI is on the 
forefront of technology, it can enable you to achieve new, exciting 
product features that might otherwise be impossible. Reduced 
costs allow you strategic pricing advantages .. 

• Extended product life cycle - An exclusive circuit design can 
extend your product's lead in the market place by a year or more 
and shorten your investment payback period. 

• Confidentiality - At National Semiconductor, the proprietary 
nature of your custom design is carefully safeguarded - an 
important consideration in today's highly competitive environment. 
A,custom circuit would be difficult to copy as compared to the 
purchase of standard parts. 
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The Custom 
MOS/LSI 
Development * 
Cycle . .. 
Bringing Your 
Ideas to Market. 

I 

4 I" 
Test Specs 
and 
Program 
Dev. 

1 2 3 5 6 
System Logic Circuit Composite Check 
Design Design Design ---+ Layout ~I and and and 
Partitioning Simulation Analysis EJ 

7 
Digitizing 

"\ 

12 
Pattern 
Generation 
Tape 

" 

8 10 I" 
Cell Edit 
Plot 
and 
Edit 

13 " 14 
Reticle Color 
Generation Key 

" " 
16 "\ 17 18 19 
Step ------. Working Wafer 

----
Engineer 

~ and Plates FAB Evaluation 
Repeat 

·Our design specialists are available for consultation - with either your 
staff or an independently-contracted design firm - at any point in the 
development cycle. 

11 " Verify 

"\ 

15 
Engineer 
Check 

"\ 

20 
Shipped 
Prototypes 

Product Considerations A custom MaS/LSI circuit is designed specifically to carry out the 
functions that meet your product objectives, with no excess circuitry. 
Often, a single chip is adequate to achieve the desired result. As product 
function becomes more complex, the effect of such dedicated circuitry 
on product marketability and customer confidence increases. 

• Product reliability is enhanced with fewer circuit packages and 
fewer interconnections between circuits. 

• Product styling options are wider because a single, dedicated 
circuit minimizes space requirements. 

• Energy efficiency is increased over electromechanical or discrete 
circuitry. With reduced power requirements, potential heat 
problems are also reduced. 
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A Working 
Partnership 

Fabrication The key to providing your product with an optimal chip design is being 
able to select a fabrication process that will achieve the desired 
performance characteristics. National Semiconductor offers you 
maximum versatility by having capabilities for seven different MaS 
processes. A summary of those processes, their key features, and most 
common applications is provided on the following MaS Process Chart. 

Low,voltage, 
metal·gate 
CMOS 

highly complex, high 
speed, noise 
immunity, low power 
consumption and 

3 1.5·5.5 circuits that must 
operate from low· 
voltage cells, Le., 
watch and camera 
circuits 

N-channel, 
metal·gate 

P-channel, 
metal-gate 

bi lar com 

high voltage, speed, 
packing density 

relatively simple, 
wide operating 
voltage range, high 
noise immun 

3.5 

2 

4-12 

5-29 

ROM-intensive circuits, 
fast-turnaround 
fabrication, tele­
communications and 

circuits 

uses include calculator 
and clock chips, VF­
drive, minimum cost 

cts 

High-density 
scaled 
N-channel 
silicon-gate 
XMaS 

memories, micro­
processors, controllers, 
general products 

National 
Semiconductor 
your choice for 

Custom MOS/LSI 
Circuits 

Let's get together now.;.. during your initial design stages - to 
develop the right program for your company. Call your National 
Semiconductor sales representative or one of our field applications 
engineers - or contact us directly at one of the offices listed on the back 
cover - to arrange a preliminary meeting_ 

For further information send for our Custom Booklet which outlines the 
expertise, resour!:es, and support available for your Custom Circuit. 
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A Working 
Partnership 

For Customer 
Tooling 

MOS 
Process 

National Semiconductor's Available MOS Processes for Customer 
Designed Circuits 

Maximum Supply 
Ciock Voltage 

Frequency Range 
Key Features (MHz) (volts) Applications 

Low-voltage, highly complex, high 3 1.5-5.5 circuits that must 
metal-gate speed, noise operate from low-
CMOS immunity, low power voltage cells, i.e., 

consumption and watch and camera 
bipolar compatibility circuits 

N-channeJ, high speed and 4 4·8 large,. high·speed 
silicon-gate packing density,. full memories with on'chip 

·bipolar compatibility clocks and drivers, 
such as 2102 and 
controller-oriemted 
processors and AAtvI-
intensive .circuits 

N-channel, high voltage, speed, 3.5 4-12 ROM-intensive circuits, 
metal-gate packing density fast-turnaround 

fabrication, tele-
communications and 
security system circuits 

High.voltage, high voltage, speed, rtlmote,control 
metal-gate 
CMOS 

P-channel, 
metal-gate 

noise immunity and processors, 9-volt-
low power battery operating . 

.• systtlms such fls haf}d~ 

. heldgalTles, telephone 
operating.systems, 
automotive 

relatively simple, 2 5-29 most widely used 
wide operating process in the industry; 
voltage range, high uses include calculator 
noise immunity and clock chips, VF-

drive, minimum cost 
products 

Let's get together now - during your initial design stages - to 
develop the right tools to optimize you design for your company. Call your 
National Semiconductor sales representative or one of our field 
applications engineers - or contact us directly at one of the offices 
listed on the back cover - to arrange the key preliminary meeting. 

For further information send for our Custom Booklet which outlines the 
resources and support available for your own design. 
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Ordering Information/Physical Dimensions 

Packages 

MM 5316 N 

T T T_ Package 

~ Device Number 
-- Device Family 

COP 444L - XXX / N 1 TTL Package . 

L-'=== ROM Code 
'------- Device Number 

'---------- Device Family 

MM 52164 XXX / N 

T T.· . T L Package 

L-'=== ROM Code 
'------- Device Number 

Device Family 

Dual·ln·Line Packages 

Package 

D - .Glass/Metal Dual-In-Line Package 
J - Ceramic Dual-In-Line Package 
N - Epoxy Dual-In-Line Package 

ROM Code 

COPS - Magnetic Disk, PROM, or Tape 
MAXI-ROM - PROM or Tape 
Contact your local sales office for submittal procedures_ 

Device Number 

4-, 5-, or 6-Digit Number Suffix Indicators 

Device Family 

MM - MaS Monolithic 
COP- Controller Processor 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line packages_ 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 14-pin, 16-pin, or 24-pin ceramic dual-in-line packages_ 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. . 

(D) Devices ordered with the "D" suffix are supplied with glass/metal dual-in-line packages. 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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Physical Dimensions inches (millimeters) 

r- I::!::"---I 1m MAX GLASS 0,.5-1 
0.270 
~ MAX GLASS 

4 3 2 1 

0.040 to.oDS 

0.165 

14.1911 
MAX 

0.310 0.165 

PIN NO.1 
IDENT 

~J~I 
~'~:::::' 

I __ WL0.125 

(7.874) (4.191) r ~ ~~.'I',=,,,=~~~~~,,,,,,,,~MAX D.D45·O~15 _ (1.143+0.381) 

0.008-0.012 J 
10.203-0.305) 

0.32S -tD·025 

I-~~ 0.050'0.010 1 LO.015-0019jL 0.125 (0.762,-0.2541 ' 

. c­
O.tOUtO.OtO 

, 12.540 !0.254) 

l..: 1 (3.175) 

0.015-0.019 MIN 

~J 

~l55~::;~~)' (1.270!O.254) ~l (31'151 
0.100'0.010 MIN 

(2.54010.2541 

Package 1 
8·Lead Cavity DIP (D) 

NS Package Number D08C 

Package 3 
16·Lead Cavity DIP (D) 

NS Package Number D16A 

0.165 

(4.1911 

Package 2 
14·Lead Cavity DIP (D) 

NS Package Number D14A 

0.025 
(0.6351 

"AD 
PINNO.I 

IDENT 

iI=mI . 0.008-0.015 J 
~ •• A~TIO.203-D.381) 

0.300 0.050.:.0.010 

~{~~~Ol--l (1.270 !0.254) 1-- J 
0.10010.010 

12.540 to.2M) , 

Package 4 

0.054 

18·Lead Cavity DIP (D) 
NS Package Number' D18A 

1.100 
-----121.9401-------1 

MAX 

19.2711 
MAX 

~~~~~~~~ 

MAX 0.065 '0.010 

~III ~Z~I 
0025 0010 l I 1_ 0.050 It- 0018 '0002 ,-----0125 

(0635 '0254) - 0.100 C -(1.210) -- (0451 '0051) (3115) 
BOTH ENDS (2.540)_1 TVP MIN 

Package 5 
22·Lead Cavity DIP (D) 

NS Package Number D22A 
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(3.115) 
MIN 



Physical Dimensions inches (millimeters) (cont'd) 

rr:"~1~~1~ 

r ~ I:::~' . +TYP 
I 062S+iI·025 I f---- . -o.015 -----l 

(,5.815 ~~:~) 

0.032 
to.813) . 

RAO 

113.462) (13.911 

PI~~~N~".,.."rr;"--,.,.,...,..,.,....,.,.r-r;"""7r-r.T"':;;:r-T:'Ti,,,",r.:;,:r~L_ T 

Package 6 
24·Lead Cavity DIP (D) 

NS Package Number D24A 

1.400 
~--------------(J5.561 MAX 

(13.462) 

'-r.-r-r.r-r.rr~~~1 

I D.D50!O.010 --l 
1-11 .270 ;0.254) 

1-°.100 ,0.010 
(2.540;0.254) 

Package 7 
28·Lead Cavity DIP (D) 

NS Package Number D28A 

0.520 

~-I1J.208)~ 
I SQUARE I 

--l~O.D1BiO.002 
(0.457tO.0511 

0.125 
(3.115) 

MIN 

l-
0.590 

114.986) 

~~~~-r.;n;;n;;n;;;rj 
0.1150 0.165 

(1.2l0) 5.842 

~ II ~ ,: :::=: :::, .'"'1 =-=-=c-:=::-:=-=-=,...:::=:======:::::=:="=~=,,,==~T=VP,==e,,=:=;.:: __ =M;A~X =':=:::~:i=::=:::) 
I---~ I 1- 0050±0010 0.100 to 010 I 1_ 0018+00D2 - II 

tl~::)~--- --- 1(121010254) (2.540t0254'-- I I0457t0051)1-- (~::~:) 

Package 8 
40·Lead Cavity DIP (D) 

NS Package Number D40C 

8·5 

MIN 



Physical Dimensions inches (millimeters) (cont'd) 

tl1~~;6~':1 
' MAX ~ MAX GLASS ,.'" 0"'. ,,7.874' (0.635) RA~~ J., 

. . (7.391) 
. MAX 

-L 
I 2 1 4 

0.160 

(4.0&4) O.OSO±-O.DOS uno 1 0.290-0.320 1- MAX (5.080) 
(7.366-8.128) ~ (1524+0127) MAX 0020-0.070 

~ SE;tA'\:~"fR;:;;;~t~1'r 
O.ODB-O.012 95'5'~ 

(0.203-0.305) I 0.38510.025 I 0.100 ,-~. Itoo 03 
--J .(9.779~O.635J J-- (Z~l~ ~ --i (D4~: :~:76J (~:~~~I 

BOTH 0100 to DID MIN 
ENDS (2540+0.254) 

Package 9 
a-Lead Cavity DIP (J) 

NS Package Number JOBA 

0.025 
iD.ffij 

RAD 

0.025 
(0.635) 

RAD 

0.290-0.320 0.160 

~
17'3".8'12" '~~~' 

o.DOB-o.o1ZJ 
(0203-0.305) 

~I:.~:: ::.:~:,~ (::~::I ~_'I 
MAX 80TH ENDS 

Package 10 
14-Lead Cavity DIP (J) 

NS Package Number J14A 

0.025 

(0.635) 
RAD 

0.200 

i73iif 
MAX 

~~~~~~rr.r-L 

0.020-0,070 

.I~ 

0.Z90-0.l20 0.160: GLASS 6i3tl' SEALANrr;;~~~~~~;;;3;;t;;:; f7Sf'::::=:::::'J 
k~...j ,.os, 

MAX 
BOTH ENDS 

0.100>0.010 
~TVP(D.457'D.D161 

0.125 
(3.115) 

MIN 
(9.179!0.6351. (1.2101· 

MAX 

Package 11 
16-Lead Cavity DIP (J) 

NS Pa'ckage Number J16A . 

95" .!5~ 

O.3g0-GAZO 

k"·"'·"·"" 

0.025 
10.635) 

RAD 

GLASS 
SEALANT 

Package 12 
1B-Lead Cavity DIP (J) 

NS Package Number J1BA 

f-------~~:) MAX--------1! OAZO MAX 

1-=~W!~!!I..J.!!I..J.!!.L.J.!!L.I!!J..=.J.!!.L..U!1.......!__f_'IO."" GLASS 
0.400 

(10.1&) 
MAX 

l....r:-r-r.rr;-r,..,.....,.,..,-r:-r-r;-rr:TT;:rr.::r-r~-.l 

Package 13 
22-Lead Cavity DIP (J) 

NS Package Number J22A 
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0.200 
15.0801 
MAX 

~,t='=l:~ 

0.020-0.010 
(0.508-1.778) 



Physical Dimensions inches (millimeters) (cont'd) 

0.080 

--------------. (151401 I 0.600 

0.025 

(O.~!5J-"""" 

f MAX 
r-.l!!J..J.!.!L.1.!!L.l!!L.I.!!!J..l!!LJ.!!J...J.!!.L.I!!l.l!!LJ.!!U.!!.L-11 GLASS 

0.515-0.525 

(lJ.081-1J.JJ5) 

I--- 0.590-0.620 I 
l_c:-~l-----jj II ~ , 

95':5 0.1108-0.012 J 
: .0.025 ID.ZOJ-D.''') 

6.250 11.015 0.060-0.100 

f--(~)-----I (1.524-2.5401 
15.815 --iJ.381 

f-. D.IOD'D.DlD_1 
12.540'0.254) 

I _1I.D.DIS-D.DD2 
f-- 11(0.457 !0.051} 

Package 14 
24·Lead Cavity DIP (J) 

NS Package Number J24A 

I 

0.200 

i5.iiHi» 

a~D1D 
~178) 

86 0.125 
94' (3."1j""5i 

TYP MIN 

MAX GLASS 
~~~~~~~~~~~~~ li,D;~~DD) 

0.025 
(0.6351 

RAD 

86 

" TYP 

0.515-0.525 

L-~;r.~~7r~-r.~~r.T~~~~~~'"'~ ''''0811''''15) 

h 
0.060-0.100 

(1.524-2.5401 

Package 15 
28·Lead Cavity DIP (J) 

NS Package Number J28A . 

1 __ 0.050'0.010 

11.210-0.254) --I I-- (~::: ::~:l TVP 
Package 16 

40·Lead Cavity DIP (J) 
NSPackage Number J40A 

8·7 

0.048-0.05!i 

(3.1751 
MIN 



· Physical Dimensions inches (millimeters) (cont'd) 

B.OlD 0.114<1 
0.300-8.320 --

Ff~. 'J =1]0 
I '0025 I (o2Z9-0.~8~5'0015 I [II ~lo:,~8) 

0.325-41.015 (1143'0381) -If--, (31751 
--- •• 0.01810.003 MIN 

(8.255 ~:~:~) (::!::, (OAS] 10.016) 

TV' 

Package 17 
8-Lead Molded DIP (N) 

NS Package Number N08A 

0.0901' 
0.092 ~::I !--

OIA NOM 

Package 18 
14-Lead DIP (N) 

NS Package Number N14A 

0.810 

IZ2.09BI----{ 

MAX ill 1m IiiI IiiII 
~~~~1~5b&"~1~3~"~~11~' ---r i2.3ii)~" ~"!di~~d!1!d,gb!!!!!b!~ 

PIN NO.1IDENT I + (6.350 to.1211 
0.250'0.005 

~l 

~;;=r.r'?i"T;T=ffi=r.;=;~--.i ~~~=F.i"T:T"F.T~-.l 
0.038 

D.3QO-G.3ZD I~~~) 0.040 
~. ~ 0.130±0.005 

Pr (1.&51) "'=r-----'..:.;..-t+.,I~r"; 

0009-0015 'J (0.229-0.3811 I I 0.015tO.D15 

D.325~~~: (I.905!O.3IU 

(B.255~~:;) 

0.030 
0.300-0.320 10.762) 

~:1 I I' O.025!O.D15 f-- J 
0.325 ~~~~ (0.635 .~0.3811 . 0.100 

(a.255 ~:~:~) 12.;~~ . 

0.114<1 

I_II 0.018'0.003 

~t-10.457 '0.0761 

Package 19 
16-Lead Molded DIP (N) 

NS Package Number N16A 

Package 20 
18-Lead Molded DIP (N) 

NS Package Number N18A 

0.300-0.320 

~ 

I 0.345 I 
~(D.7631--1 

MAX 

0.092 
(2.3311 

DlA NOM 

1.055 
1------126.7911------1 

MAX 

O.130tO.DOS 

D.D30 
(0.7621 
MAX 

~~ __ --~-_++--__ --,~.,") 

O.07S±O.DOS 
(1.905!0.127) 

I 0.100<0.010-1 
f--(2.540!0.254) 

Package 20A 
20-Lead Molded DIP (N) 

NS Package Number N20A 

8-8 



Physical Dimensions inches (millimeters) (cont'd) 

-----(28.4481 MAX-----1.120 I 

0.062 
RAD (i515i 

" 1 
0.3511'0.005 

(8.R90 -0.127) 

~=nr=r;T~~'FoFi'F.f'iT.F~ 
UOO-O.42D 

~) 
0.030 

'~r-----------------------rt-, (J.302,0.1271 
~ --r ~O.020 

~(D.508) 
MIN 

=-I' 
,-II- ~ 

0.018 :'0.003 (~~~5) 

0.063 

(1.600) 
RAD 

0.015 

1 

__ 0.600-0.620 ~ ,(1.~05) 

{15.240-15.7481---,~ 

(2.540 '0.254) (0.457 ±O.D76) 

Package 21 
22-Lead Molded DIP (N) 

NS Package Number N22A 

f II t 
0.009-0.015 

0625'°·015 (O'229_0'J81~ I--- . -11.015---1 

(15.815 ~~:~~~) 0.015 ~O.OI5 
(1.905 !O.J81) 

I 0.100 r-- (2.540) 

TV' 

0.062 

(1.575) 
RAD 

Package 22 
24-Lead Molded DIP (N) 

NS Package Num~er N24A 

~ 
0.540 ~D.005 

0.160 !II.OOS 

,: I 

1 
0.55o,o.1105 

OJ.9711·O.IZ1J 

PIN NO.1 INDENT ~,.;nr;rr,r..,.rr.:rr"r;r"Til--r;:rr;;;rr,;;""",n.r ~ 
0.030 

10.7621 0.060 0.050 

0.600-0.6211 ..... ~, ~."' ••• ' 

flr=~l:::jt:·: ~'L 0.1109-0.015 J -----r:T 
062S+D.025 (0.229-0.3811 ------+ ~ 

~. 0.015 -----1 11015'0015 I I I 0100 II 11.018'.0.003 [1125(0.508) 

('5.815 +0.635) 0:905 '0:381) t-- --l t- (2:540) --II-- (0.451 '0.016) (3:115) MIN 
~ ~ ~ 

Package 23 
28-Lead Molded DIP (N) 

NS Package Number N28A 

8-9 



Physical Dimensions inches (millimeters) (cont'd) 

0.062 
(1:575) 

RAO 
(13.970-0.127) 

~~~~~~~~J 
O.OlO 

0.060 (O.162) 0.050 

1;=.0.600_.0 .. 6.10 . ,,,m, •• ~. . ... . .. (1.270). I-- 0.130;0.005 ~48}~ t I' TYP (3.302!0.1271 = ...t=t-=r - :=L 
0.009-0015 I -,--:T 1'0 015 .~ (D.219-D.J81(· -'--1_ ~ 

0,625 0.015 - 0.075·0.D15 '0.100 0.018:,.0.003" O.12SI0.50SJ 

1---(15875+0.635)--1 (t.905·~,Jat)--- 1--- ---I t--(2.540J --11----(o.457±D,016) (3.175) MIN 
. .~ . ~ ~ 

Package 24 
40·lead Molded DIP (N) 

NS Package Number N40A 

8·10 




