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ABSTRACT 

DIGITAL LOGIC SIMULATOR 

WITH APPLICATION TO 

AN ASYNCHRONOUS CONTROL MODULE 

by 
G. Tim Schlaile 

The digital logic simulator contains an assort¬ 

ment of most commonly needed logic functions for 

designing small logic systems. The simulator is 

designed and constructed to conveniently implement 

ideas in logic system design and rapidly test changes. 

The problem designed and simulated on the logic 

simulator is an asynchronous control system typical 

of those used to control the access to a computer 

memory of two independent processors. 
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I. INTRODUCTION 

The digital logic simulator which has been con¬ 

structed utilizes a patch board programming system which 

allows logic system designs to be conveniently assem¬ 

bled and tested. The simulator contains the following 

logic functions: clocked J-K flip-flops with preset 

and clear; 2, 4 and 8 input Nand gates; inverters; 

one-shots; and 4 bit shift registers. The simulator 

also includes several switches, output monitors and 

a manual clock switch. The functions included in the 

simulator are adequate for constructing most small 

logic systems. Any gate function can be implemented 

on the simulator since Nand gates and inverters are 

functionally complete. The J-K flip-flop can be used 

as a S-R (set-reset) latch if the J, K and clôck 

inputs are connected to logic "1" sources. A var¬ 

iable clock can be constructed from the two one-shots 

in the simulator. 

An asynchronous control module was chosen as a 

suitable problem to construct and test on the simu¬ 

lator. After the initial design was changed several 

times the versitility of the simulator became apparent. 

Changes were quickly implemented and easily tested. 

At first, push-button switches served as inputs and 

outputs were observed on the LED output monitors. 

I.ater, after eliminating several design problems, 

external pulse generators served as inputs and outputs 

were displayed on an oscilloscope. 

The control module is typical of those used to 

regulate access to the memory of a computer of two 

independent processors. The control module, can be 

applied to numerous systems where conflicts arise 
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between two inputs and outputs are available con¬ 

cerning the progress of each input toward its goal. 

For example, consider a traffic intersection. Two 

cars approaching at right angles are conflicting 

inputs. The goal is to advance each car through 

the intersection with a minimum of delay. 

This can be solved with a "free running" 

traffic light which corresponds to a synchronous 

solution of the processor to memory problem. In 

this case each processor is allowed a certain time 

interval in which to place a request and access the 

memory. If the processor's request arrives after 

the designated interval it must wait for the second 

processor's time interval to terminate. The delay 

at the intersection can be shortened by using a 

"triggered" traffic light which corresponds to an 

asynchronous solution to the processor to memory 

problem. In this case the designated interval of 

the synchronous solution begins with the first pro¬ 

cessor request. Although the control module was 

designed for two inputs there is no reason the num¬ 

ber of possible conflicting inputs could not be ex¬ 

tended with appropriate design changes. 
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II. DIGITAL LCGIC SIMULATOR 

A. Physical Description 

1. Receiver 

The receiver is the frame and engaging 

mechanism which accepts the removable patch panel. It 

contains forty horizontal and thirty-two vertical rows 

of stationary contact springs which mate with the plug- 

wire tips in the patch panel. The material between the 

contact springs is diallyl phthalate. The following 

physical parameters of the receiver are contained in the 

MAC Panel Company's Plugboard Programing Systems Catalog. 

The average contact resistance is .004- ohms gold contact 

spring to gold plugwire tip and .009 ohms nickel contact 

spring to nickel tip. The contact springs have a con¬ 

tinuous current rating of 5 amperes at 68°F and a maxi¬ 

mum operating voltage of 1500 volts DC and 1000 volts 

RMS AC. The capacitance between adjacent contact springs 

and plugwire tip combination is 5*98 pfd horizontally and 

5.10 pfd vertically. 

2. Patch Panels 

The plug boards consist of one blue (diallyl 

phthalate) and four black (phenolic) panels. The panels 

have been silk screened on one side only with an assort¬ 

ment of logic functions. According to the MAC Panel cat¬ 

alog, the leakage resistance between adjacent holes is 

greater than 5 x 10"^ ohms for the phenolic panel, and 
13 

greater than 1 x 10 ^ ohms for the diallyl phthalate 

panel. The center to center hole spacing is .250 inches 

horizontally and .281 inches vertically. 
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3* Patch Cords 

The plugwires are equipped with a ball- 

d-tent device which prevents the plugwire from being 

dislodged when pushed from the rear side of the panel. 

However, it is easily removed by pulling on the plug- 

wire from the front side. The plugwires are No. 20 AWG 

(forty-one strands of No. 36 AWG) and have a voltage 

rating of 300 volts RMS. There are eighty jack plugs 

which patch between adjacent holes and approximately 

five-hundred other wires of varying lengths from three 

to twenty inches. 

4. Control Panel 

The control panel is the four inch panel 

above the receiver. It contains the power on-off switch, 

four toggle switches, four push-button switches, two one- 

shot pulse width selectors, forty light-emitting diode 

(LED) output monitors, an external clock plug-in, a 

bounceless manual clock push-button switch and a ground 

terminal post. 

5. Logic Layout 

The gates used are Transistor-Transistor 

Logic (TTL). TTL is a medium-speed, high noise immunity 

family of saturating integrated logic circuits designed 

to run with clock frequencies of 30 MHz and switching 

speeds in the 10-15ns range under moderate capacitive 

loading. 

The packages are mounted in wire-wrap sockets which 

are glued to the eight by sixteen inch vectorboard. The 

sockets are wire-wrapped to the pin locations on the 

receiver, see Figure 1. The average length of the wires 

is twelve inches. 
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6. Power Supply 

The power source is a 5.0 volt, 15 amp 

supply with a 20 amp fuse located in its output. 
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B. Patch Panel Logic Description 

1. Gate Inputs and Outputs 

The logic gate connections arc placed 

on the patch panel symmetrically. On the extreme right 

and left of the panel are fourteen-8 input Nand gates. 

The top two rows of the individual gate in Figure 2 are 

the eight inputs. The next row contains three logic ”1" 

sources, labeled "1", which are to be tied to unused 

inputs. The five output holes are shorted together and 

labeled "OUT". 

o o o o 
o o o o 

Figure 2. 8-input Nand gate locations 

and individual gate pin definitions. 
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The next column of Rates toward the center of the 

panel are thirty-4 input Nand gates. The four inputs 

are located in the upper row. The lower row contains 

one logic "1" source, labeled "1", which is to be tied 

to an unused input. The five output holes are shorted 

together and labeled "OUT". 

O O O O o 
o'oWi 

Figure 5» 4 input Nand gate locations 

and individual gate pin definitions. 



8 

The next column of gates toward the center of the 

patch panel are thirty-2 input Hand gates. The two 

inputs are in the top row. The six outputs are shorted 

together and labeled "0". 

Figure 4. 2 input Hand gate locations 

and individual gate pin definitions. 
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The next columns inside the 2 input TTand columns 

contain fourteen J-K flip-flops. The top row of six 

holes from left to right are: the J input, the K input, 

the clock input, the preset input, the clear input and 

a logic "0" source. Below the logic "0" source are two 

holes tied to a logic "1" source. The second row of holes 

contain five shorted holes labeled "QH. The third row 

of holes contain five shorted holes labeled 

O-O-OcO-O o 
o-o-o^o-o o 

Figure 5* J-K flip-flop locations and 

individual flip-flop pin definitions. 
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The twenty inverters are located below the J-K 

flip-flops on each side of the patch panel. The in¬ 

put hole is located in the upper left of the six hole 

inverter. The five output holes are shorted together 

and labeled "0". 

o 

Figure 6. Inverter locations and individual 

inverter pin definitions. 
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Located in the top of the middle of the patch 

panel are two-4 bit shift registers side-by-side. 

The top hole labeled ”DS”, is the serial data input. 

The input labeled "Me” is the mode control. The two 

holes labeled "Cl” and ”C2” are clock inputs, and the 

four holes labeled "DPO” to "DP3” are parallel data 

inputs. The four outputs of each shift register are 

labeled "QO” to ”Q3”. The "Me" input to the right 

shift register has a broken pin behind it. The pin 

can be seen by lifting the receiver handle and removing 

the panel frame. The pin may become bent sufficiently 

to cause the shift register to operate improperly. 

Figure ?• 4- bit shift 

locations and pin definitions. 

o
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o
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Below the 4- bit shift registers are two retrigger- 

able one-shots side-by-side. The top holes on each 

one-shot labeled "RE" and "CE" are not to be used. They 

have no connections. Pulse widths can be varied by us¬ 

ing the pulse width selectors located on the control 

panel. The pulse widths labeled on the control panel 

are only approximate. The selector on the left applies 

to the left one-shot (one-shot #1 in Figure 8) and the 

right selector applies to one-shot #2 on the patch panel. 

There are a variety of pulse widths which can be selected 

and there is a degree of flexibility in changing the 

widths further. The selector switches on the control 

panel have twelve positions, nine of which are used. 

Should longer or shorter pulse durations be needed, 

capacitors can be soldered into the rear of the control 

panel and labeled on the front accordingly. The formula 

for pulse width duration in nanoseconds with in 

picofarads is: 

Tw = 7.8 CEXT 

Por example: CEXT = 1000 MFD 

Tw s 7.8 SEC 
The two holes under "RE" and "CE" are the positive 

and inverted output of the one-shot, labeled "Q" and "Q". 

The hole labeled "C" is the clear input and terminates the 

pulse independently of the timing components. The next 

two holes labeled "A" and "B" are the inputs to the one- 

shot. If "A" is held at logic "0", a positive transition 

at input "B" triggers the one-shot. If "B" is held at 

logic "1" a negative transition at input "A" triggers the 

one-shot. The retrigger capability can generate output 

pulses of extremely long duration. 



13 

Figure 8. One-shot locations 

and pin definitions 

2. Remaining Connections 

Across the bottom of the panel are forty 

output monitor holes labeled ’'Ll” to "IAO". These output 

monitor holes correspond to the LED's on the control 

panel labeled "1" to "40". A logic ”1" plugged into 

"IA" will cause the LED labeled ”4" on the control panel 

to light up. The 1.8K ohm resistor, in Figure 9f is used 

to keep the output of the inverter at logic "1" when 

no connection is made to the output monitor. The input 

floats high without the resistor, and Vx is at logic "0" 
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causing the LED to light up. The LED's have a current 

rating of 40mA. The 270 ohm resistor limits the "on" 

current to about 10mA. 

Below the 8 input Nand gates on both sides of the 

patch panel are eight switches. On the left side are four 

toggle switches labeled "SW1" to "SW4" and on the right 

side are four push-button switches labeled "SW5" to "SW8". 

On the patch panel the middle hole of "SW1" to "SW4" is 

labeled "C" for common. If "SW1" on the control panel 

is in the "up" position, the top two holes of "SW1" on 

the patch panel are shorted and if the switch is in the 

"down" position, the bottom two holes are shorted. 

The middle hole of "SW5" to "SW8" on the patch 

panel is also.labeled "C" for common. The top hole is 

labeled "NO" for normally open and the bottom hole "NC", 

for normally closed. 

Beneath the 4 input and 2 input Nand gates on each 

side of the patch panel are nine logic "1" sources each 

labeled "1", and nine logic "0" sources each labeled "LQ". 

Between the 4 bit shift registers and the one-shots 

in the middle of the patch panel are several clock out¬ 

puts and two sections of shorted holes. 

The holes labeled "CLM" and "EXT" are the only 

holes which are to be used. The other holes have no 

OUTPUT 
MONITOR 
HOLE 

o 

Figure 9» The LED circuit 
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connections. The manual clock output labeled "CLM" 

is a bounceless push-button switch located on the 

control panel. Its output is normally at logic "1” 

and gives a negative transition when depressed. 

The external clock output labeled "EXT” is 

connected to the external clock jack on the control 

panel. The BNC jack is provided for convenient con¬ 

nection to an external clock pulse generator. It is 

important to check the pulse voltage before con¬ 

necting to the control panel. All voltages should 

be kept between 0 and +5.0 volts. 

A variable clock can be constructed from the 

two one-shots as shown in Figure 10. The pulse delay 

and width can be varied by using the pulse width 

selectors on the control panel. 

Under the clock holes are two combinations of 

shorted holes. The first has six shorted holes and 

the second has twelve shorted holes. These are for 

use when wiring the clock input of the flip-flops to 

either "CLM" or "EXT" on the patch panel. When all 

connections are made there are enough holes to patch 

all fourteen flip-flop clock inputs with an extra 

hole for monitoring. 



16 

III. ASYNCHRONOUS CONTROL MODULE SIMULATION 

A. Control Module Inputs and Outputs 

The designed asynchronous control module 

regulates the access to a computer memory of two 

independent processors. The inputs and outputs of 

the control module are shown in Figure 11 and 

listed below. 

SI  Store request from processor #1 (pulse) 

FI  Fetch request from processor #1 (pulse) 

R1  Reply from the module acknowledging a 

request from,processor #1 and indicating 

a store or fetch signal will be sent to 

memory. The reply terminates after the 

store or fetch operation is completed, 

(level) 

S2..... Store request from processor #2 (pulse) 

Figure 11. Control module 

inputs and outputs 
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F2  Fetch request from processor #2 (pulse) 

R2  Reply from the module acknowledging a 

request from processor #2 and indicating 

a store or fetch signal will be sent to 

memory. The reply terminates after the 

store or fetch operation is completed, 

(level) 

Store.. Store signal from the module to memory 

initiating a store cycle (pulse) 

Fetch.. Fetch signal from the module to memory 

initiating a fetch cycle (pulse) 

Busy... Busy signal from memory indicating the 

memory is either storing or fetching 

information. The busy signal remains at 

logic ”1" until the memory cycle has been 

completed, (level) 

D.R.... Data ready signal from memory indicating 

data is ready for the fetch operation 

(pulse) 

The following constraints apply to the defined 

signals. A processor can not send a store and fetch 

request signal simultaneously. No further request 

signals are permitted from a processor, after it 

sends a store or fetch request until the reply sig¬ 

nal to that processor terminates. If requests occur 

simultaneously from processor //I and #2, only one is 

granted the following memory cycle with the other in 

control for the succeeding cycle. In this case it 

is indeterminate which processor is granted the first 

cycle. The store and fetch signals to memory cannot 

occur simultaneously. Finally, all output signals 

must be hazard free. 

Since the store and fetch request signals cannot 

occur simultaneously, the simulated system was simp¬ 

lified by excluding the fetch request signal, the 
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fetch signal to memory, and the data ready signal from 

memory. However, the complete system design includes 

them. 

The store request signals from processor #1 are 

implemented with a pulse generator. For the case of 

single store requests, one input signal is grounded. 

Both input signals are tied to the same pulse gener¬ 

ator for simultaneous requests. For mixed requests, 

the store request signal from processor #2 is a delayed 

version of the signal from processor #1. The delay is 

accomplished by a second pulse generator which is trig¬ 

gered by the store request signal from processor #1. 

The busy signal is a 100ns delayed store (to memory) 

pulse. The data ready signal is not simulated since 

fetch requests are excluded. 

B. Control Module Design 

The control module design is divided into 

four parts. The input circuit, the control flip-flop, 

the sequencer and various output circuits. The input 

circuit is designed to ignore a continuous store or 

fetch request signal in the event a signal "hangs", 

or fails to terminate. The control flip-flop deter¬ 

mines which processor is allowed access to memory for 

the case of simultaneous requests. The sequencer con¬ 

tains two flip-flops which cycle through four states 

for each store or fetch request from either processor. 

The SI input circuit is shown in Figure 12. The 

SI* is normally at logic "0" before the SI input appears. 

The positive transition of the SI signal clocks the flip- 

flop and sets SI* to logic "1". SI* is reset in sequencer 

state three if the R1 signal is present. 
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Ql 

SI 

0 

Rl 

Figure 12. SI input circuit 

The state of the control flip-flop in Figure 13 

after it receives a negative transition of the clock 

pulse determines which reply signal, Rl or R2, is 

sent from the control module. The simpler circuit 

of Figure 14- is used for simulation. 

Figure 13. Control flip-flop circuit 

In the simpler circuit of Figure 14 the SI* and 

S2* signals arrive at the J and K inputs before the 

clock transition. One negative transition of the 

clock pulse occurs for each SI ot S2 request. The 

flush signal forces the clock to logic "1" in se¬ 

quencer state three. 
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Figure 14. Control flip-flop 

simulation circuit 

A sequencer was designed with the state diagram 

shown in Figure 15*to generate the outputs RI, R2, 

store and fetch. 

Figure 15. Sequencer state diagram 
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The states of the sequencer flip-flops, QO and Ql, 

are shown inside the circles* The conditions necessary 

to change the sequencer state are written next to the 

arrows connecting the circles. The output in each state 

is shown beside the circle. 

The following sequence of events occurs for a single 

store request, SI. The request sets SI* to logic "1" 

and causes the sequencer to jump to state one. 

The output, Rl, occurs in state one. R1 causes the 

sequencer to go to state two. The store signal to mem¬ 

ory occurs in state two. The sequencer waits in state 

two for a busy signal from memory. The busy signal 

causes the sequencer state to change to state three, 

where the flush signal is generated. The sequencer 

waits in state three until the busy signal terminates. 

The termination of the busy signal causes the sequencer 

to reset to the zero state and resets the Rl signal. 

The sequencer flip-flops QO and Ql are shown in 

Figure 16a. The J and K inputs of the QO flip-flop 

are connected to logic "1M sources, which causes QO 

to change state for each negative transition of the 

clock input. The simpler simulation circuit of the 

Ql flip-flop is shown in Figure 16b. 
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sr 

Ql 

Ql 

Figure 16b. Sequencer simulation circuit 

The signals R1 and R2 are implemented by the 

circuits in Figure 17. 

/ 
FLOP 

\ 
a 

Figure 17. R1 and R2 signals 

The signals store and fetch are generated by the 

circuits in Figure 18. sr 

Ql 

Figure 18. Store and fetch signals 
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C. Complete circuit Diagram 

The completely designed circuit is shown in 

Figure 19. The simplified simulation circuit is shown 

in Figure 20. 



O 

Figure 19. Complete circuit diagram 
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D. Observed Waveforms 

1. Single Requests 
The waveforms of Figure 21 were observed 

on an oscilloscope with a 5.5ns risetime and a 100MHz 

bandwidth in the circuit of Figure 20 patched on the 
simulator. The oscilloscope was triggered by the SI 
signal, which had a pulse width of 150ns and a frequency 

of about 10K Hz. The S2 signal was held at logic "O'*. 
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Figure 21. Single request waveform 



27 

2. Simultaneous Requests 

For the case of simultaneous requests both 

signals, SI and S2, are implemented by the same pulse 

generator. The simultaneous request waveforms are shown 

in Figure 22. 
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Figure 22. Simultaneous request waveform 
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3. Mixed Requests 

Mixed requests are implemented by using a 

second pulse generator with a variable delay triggered 

by the first generator. 

The S2 signal Figure 23 is delayed 220ns and occurs 

in sequencer state one. The S2 signal in Figure 24 is 

delayed 400ns and occurs in sequencer state two. The S2 

signal in Figure 25 is delayed 600ns and occurs in se¬ 

quencer state three. The S2 signal in Figure 26 is delayed 

800ns, and occurs in the reset state. A delay of 800ns or 

greater corresponds to two single requests. 
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Figure 23. 32 delayed 220ns 
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figure 24. S2 delayed 400ns 
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Pigure 26. S2 delayed 800ns 

E. Conclusions 

The average length of wire from the patch 

panel to the logic gates on the vectorboard is twelve 

inches. The average length of the patch cords used is 

about six inches. This yields about thirty inches of 

wire from gate to gate. The observed waveforms show 

only small ringing with risetimes of from 20 to 40ns 

and overshoots of about ten percent. Ten inverters 

were observed to have a delay of 100ns or about 10ns 

per gate. 

The simulated circuit used about one-third of the 

available gates on the patch panel. 

There is also the possibility of servicing the 

requests out of sequence if both requests occur within 

10ns from one another. 8ince the SI* and S2* signals 
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appear at the J and K inputs before the clock transition 

it is possible for the SI signal to appear first and the 

S2 signal 10ns later but the control module will service 

the second processor first. Assume the control flip- 

flop is set, or Q is at logic "l", and the SI* signal 

appears first but before the clock pulse the S2* signal 

arrives at the K input. After the negative transition 

of the clock, the flip-flop will change state and reply 

to the second processor first. 

The circuit worked properly for zero delay and 

all delay times greater than 20ns could not be achieved 

using the triggered pulse generator. 


