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TEST INSTRUMENT 
BUILD A DIGIT 
GUIDE TO OSCILLOSCOPES 

40 -MHZ FREQUENCY COUNT PROJEC 
ACCURATE MILLIAMMETERS ON A BUDGET 

ES 

VESTING digital integrated circuits 
has posed a problem to experiment- 

ers ever since the devices were made 
available at the hobbyist level. After all, 
many hobbyists were not about to spend 
thousands of dollars for a commercial, 
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BUILD A DIGITAL 
IC TESTER Inexpensive project 

tests DTL and TTL IC's. 

BY R. M. STITT 

general -purpose digital IC instrument. 
The tester presented here, however, 
can be constructed for just a few dollars 
and provide quick and accurate checks 
of 14- and 16 -pin DTL and TTL IC's. 

The operating principle is simple. Log- 
ic states of the questionable IC are com- 
pared to one of the same type that's 
known to be good. A testing program is 
set up via patch cords and the IC's are 
plugged into their respective sockets, at 
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which time the unit automatically runs 
through the program. Even the most 
complicated test program will be per- 
formed about 40 times per second. 

A good /bad LED indicates the overall 
status of the device. Furthermore, 16 
LED's (one for each pin) isolate faults to 
specific pins so that bad sections or 
functions can be detected. These fault 
LED's are also useful for debugging test 
programs. 
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Fig. 1. Partial schematic of the tester. 
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Fig. 2. Partial schematic of tester. See Fig. 1. 
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About the Circuit. The tester puts 
both IC's through their paces in parallel, 
covering all possible input combinations. 
The logic state at each input and output 

PARTS LIST 
C 1- 0.0022 -11F disc ceramic capacitor 
C2- 22 -µF, 10-V tantalum capacitor 
C3 through C7- 0.1 -µF disc ceramic capaci- 

tor 
C8- 3000 -p.F, 25 -V electrolytic capacitor 
C9-10- sF, 10-V tantalum capacitor 
DI through D34-1N914 switching diode 
D35, D36- IN4001 rectifier diode 
ICI through IC4- SN7486 quad 2 -input ex- 

clusive-OR gate 
105, IC6- SN7493 4 -bit binary counter 
1C7- SN7405 open collector hex inverter (do 

not substitute) 
IC8- SN74122 retriggerable monostable mul- 

tivibrator 
IC9 through IC 11- SN7404 hex inverter 
IC 12- LM309K 5 -volt regulator 
LEDI through LED 17 -Light emitting diode 

('FIL -32 or similar) 
Q1, Q2- 2N3904 npn silicon transistor 
The following are 5% tolerance, V44 -watt car- 

bon composition resistors: 

pin is continuously monitored and com- 
pared to the reference IC. If there is a 

discrepancy with any input combination, 
the IC under test is defective and a fault 

RI through R16, R21 -180 ohms 
R17, R18, R20- 47,000 ohms 
R19, R23 -2700 ohms 
R22 -4700 ohms 
R24- 15,000 ohms 
SOI -Zero- insertion -force 16-pin DIP IC 

socket (Textool No. 216 -330M or equiva- 
lent) 

S02-48 -pin edge connector (Amphenol No. 
2- 583660 -3 or equivalent) 

S03- 16-oin DIP IC socket 
T1 -20 -volt center -tapped, 1- ampere trans- 

former (Burstein -Applebee No. 18A 1626 -1 

or equivalent) 
Misc. -Suitable enclosure (Harry Davies No. 

260K with No. 261 cover, or equivalent), 
printed circuit boards, No. 4 x tV4" 

standoffs, suitable programming receptacles 
and patch cords, heat sink, thermal silicone 
compound, machine hardware, hook -up 
wire, solder, etc. 

Note: See Fig. 4 for information on ordering 
pc boards. 

B B GND +5V 

will be indicated by the IC tester. 
The schematic diagram of the IC test- 

er is shown in Figs. 1 and 2. The basic 
element for the electronic comparison is 

the exclusive -OR gate. Four two- input, 
exclusive -OR gates are contained in 

each SN7486 package (IC1 through 
1C4), for a total of 16 gates. One input of 
each gate is hardwired to the test IC 

socket (SO1) for individual pin monitor- 
ing. The other gate input is hardwired 
through programming -board edge con- 
nector SO2 to the corresponding pin on 
the programming board's reference IC 

117 V 
AC 

C8 Cs 
101F COMMON 

Fig. 3. Schematic for a 
suitable power supply. 
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Fig. 4. Etching 
and drilling guide 
(right) and 
component layout 
(above) for main 
pc board. Note: 
etched and drilled 
pc boards for 
this and Fig. 5 
are available from 
Select Circuits, 
1411 Lonsdale Rd, 
Columbus, OH 43227 
for $18.95 a pair. 
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socket (S03). Each exclusive -OR gate 
thus yields a logic -one output signal 
whenever its two input signals have dif- 
ferent logic states. In other words, a log- 
ic one appears at the output of each 
gate when a discrepancy of perfor- 
mance between the test and reference 
IC's is detected. 

JUNE 1977 

Two fault indicator circuits are em- 
ployed. A LED (LED1 through LED16) at 
the output of each exclusive-OR gate 
glows when an error at the correspond- 
ing test IC pin is detected. Additionally, a 

master fault indicator (LED17) glows 
when one or more exclusive -OR gate 
output is high. Diodes D1, D3, D5. . . . 

031 are connected to R1 7 and to the ex- 
clusive-OR outputs to form one large 
OR gate. A pulse stretcher is included in 
the master fault indicator circuit to insure 
that LED17 will glow at full brilliance no 
matter what the duty cycle of the fault 
signal is. This is very important because 
it's possible for a fault signal to have a 
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Fig. 5. Etching 
and drilling 
guides for both 
sides of the 
programming pc 
board. See 
Fig. 4 for 
ordering 
information. 

duty cycle as low as 0.4 %. It would be 
difficult, if it were even possible, to de- 
tect light output from a LED driven by 
such a signal. The circuit also includes a 
low -pass filter (R17, R18 and Cl) at the 
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master fault input to reject noise spikes 
which might otherwise generate a de- 
ceptive fault indication. 

The diode OR gate drives pulse 
stretcher IC8 (an SN74122 monostable 

multivibrator) and its associated compo- 
nents (C2, D34, and R20) through input 
conditioners D33 and 01. Because a 
continuos fault indication at the pulse 
stretcher input would trigger the one 
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Fig. 6. Component placement guide for programming pc board. 

shot for but one test cycle, the input 
must be periodically reset. This is 

accomplished by transistor 02, which is 

driven by the last stage of a binary code 
generator. 

To provide all possible test input com- 
binations, an eight -stage binary code 
generator (105 and IC6, SN7493 4 -bit 
counters) is incorporated. It is driven by 
a free -running square -wave generator 
consisting of C3, R22, and IC7, an 
SN7405 hex inverter. The square -wave 
generator provides a clock signal at 
about 5000 Hz. The clock output and the 
outputs from the first seven stages of the 
binary code generator are available at 
edge connector SO2. Thus there are 
eight independent test input signals 
present on the programming board. The 
eighth stage of the binary code genera- 
tor is used to reset the master fault in- 

dicator, as mentioned earlier. 
The programming board interfaces 

with the main tester board via 48 -pin 
edge connector SO2. This allows pre - 
wired program cards to be kept on hand 
and simply plugged into the tester for 
quick checks of common IC's. Each bit 
of the binary code is independently buff- 
ered by sections of 1C9 through 1C11 

(SN7404 hex inverters) to drive both the 
reference and test IC inputs. Separate 
buffering for all inputs of each IC en- 
sures that such logic- overriding faults as 
input short circuits will be detectable. 

The tester is powered by a simple 5- 
volt, 1- ampere regulated supply (Fig. 3). 
Ac from Tl is converted to pulsating dc 
by a full -wave rectifier (D35 and D36) 
and filtered by C8. Unregulated dc is 
then applied to 1C12, an LM309K 5 -volt 
regulator, which is essentially blow -out 
proof. Current limiting is built in to the IC, 
as is thermal shutdown. Output bypass 
capacitor C9 provides increased stability 

c and improved transient response. 
However, other power supply configu- 

rations can be used. For example, Ti 

ó 
could be a 12.6 -volt, 2- ampere trans- 
former driving a bridge rectifier. The out- 
put of the bridge would then be filtered 
and regulated as in Fig. 3. 

c 
Construction. Assembly of the tester 
is not critical. However, the use of pc 
boards will simplify the task. Etching and 
drilling guides for the main and program- 
ming boards are shown in Figs. 4, 5, and 
6. The main pc board contains most 
tester components mounted in a con- 
ventional manner. It in turn is mounted 
on four '/4-inch (6.4 -mm) No. 4 standoffs 
behind the front panel of a molded plas- 
tic box. Holes are cut in the front panel 
for the test socket, the sixteen indicator 
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Reference Unit 
Connection A 

) 
' 

nJC )JC col c 
'"` 

X 
Test Unit 
Connection a Nt N, A` NG (' GAM Ne 1, 

NG 
( / ̀ 

Pin Number (14) (13) (12) (11) (10) (9) (8) 
16 15 14 13 12 11 10 

DEVICE TYPE: CIRCUIT TYPES SN5490, SN7490 

DECADE COUNTERS 

INPUT 
A NC A D GND B , 

1 i1 
L4 

''5 '6 1, 

,3f,c(II R0i7l NC CC 'cr;, 'v 2 

Pin Number 1 

(1) 

2 

(2) 

3 

(3) 

4 

(4) 

5 

(5) 

6 

(6) 

7 

(7) 

Test Unit 
Connection ß C D NC V+ E F X 
Connect on nit el C' DI ÍUC- V+ E, F' x 
Reference Unit 
Connection Y RI 

Ne. B ry 
e_ `' 

,3/ a 

c. 

Test Unit 
Connection Y 3 v A1(- 13 

Pin Number (14) (13) (12) (1 1) (10) (9) (8) 
16 15 14 13 12 11 10 

'CC 64 6v 5A 5v 4A ay 

14 13 ;12_11 IO ¡9 1' 

DEVICE TYPE: CIRCUIT TYPES SN5404, SN7404 

HEX INVERTERS ,Ir 

2- 7 4 6 
1a ,r 2a 2v 3a ly GND 

Pin Number 1 

(1) 

2 

(2) 

3 

(3) 

4 

(4) 

5 

(5) 

6 

(6) 

7 

(7) 

Test Unit 
Connection A N N A pc A N c"I >< 

Reference Unit 
Connection i' NL AI Nc. A' ?R. CoM / 

%\ 

NOTES: All inputs coule have been tied in parallel to A & A' for example, but it 
is not necessary to do so. 

Fig. 7. Sample programming sheets for testing 
decade counters (above) and hex inverters (below). 

LED's, the master fault indicator and the 
edge connector. 

Before mounting any components on 
the main board, use it as a template to 
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locate holes and cutouts on the front 
panel. It can be clamped to the front 
panel and used as a drilling guide for the 
fou standoff mounting holes. The loca- 

tions of the master fault indicator, the 
test socket, and edge connector can be 
specified by marking the corners of each 
cutout. Components which do not pro- 
trude through the front panel must be 
mounted flush to the main pc board so 
that they will not interfere with the fit of 
the board to the front panel. If LED's with 
base diameters larger than 0.200" (5.08 
mm) are used for the sixteen fault in- 

dicators, their bases must be filed so 
that a proper fit is obtained. The author 
recommends the use of a 16 -pin zero - 
insertion -force (Textool No. 216 -330M 
or equivalent) IC socket for the test IC 

location. A conventional DIP socket can 
be substituted, of course, but is much 
less convenient to use for many IC's. 

The programming board is double - 
sided. Because most builders will not be 
able to produce plated- through holes, IC 

and socket pins, as well as program- 
ming receptacles must be soldered 
(where applicable) to both sides of the 
board. The programming receptacles 
and jumpers (patch cords) are a matter 
of preference. The solder pads on the pc 

board are large enough to accept eyelet 
sockets for the 0.040" (0.916 -mm) pin 
terminated type of patch cords. The 
most economical programming patch 
cord is simply a length of No. 22 or 24 
solid insulated hookup wire. The wire 
should be cut to the desired length and 
about 'h" (1.27 cm) of insulation stripped 
from each end. If diagonal cutters are 
used to trim wire length, position the cut- 
ters so that their hollow side faces the 
body of the jumper when the wire is 

clipped. Then a point will be formed on 
the wire, making it easier to insert the 
jumper into a programming receptacle. 

A solid wire jumper is best accom- 
modated by a 0.020" (0.458 -mm) recep- 
tacle. No. 24 wire is approximately 
0.020" (0.458 mm) in diameter and fits 
such a receptacle exactly. No. 22 wire is 

about 0.005" (0.127 mm) larger in diam- 
eter and thus makes a more secure fit in 

some 0.020" (0.458 -mm) receptacles. 
Probably the most inexpensive 0.020" 
(0.458 -mm) receptacle available is the 
Molex Soldercon, which is sold in quan- 
tity by many dealers in the Electronics 
Marketplace in this magazine. 

You might want to solder wire jumpers 
to appropriate points without using any 
receptacles at all. This can be done if 

you desire a permanent testing board for 
a specific IC type. You could even make 
one "deluxe" programming board with 
patch cords and receptacles for testing 
any TTL IC, and at the same time fabri- 
cate a number of prewired boards set up 
for frequently tested IC types. 
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Power supply construction is not criti- 
cal. Point -to -point wirino is aripniinta 

Programming. All that's required to Note, however, that the right -most re- 
nrnnram tha tactar ic natrhinn inni ein ceptacles in areas A, B and D must be 

soldered on both sides of the pc board. 
The choice of which binary code out- 

puts are used to drive either the refer- 
ence IC or test IC inputs is unimportant 
so long as only one set (A through H or 
A' through I-f) is used with one of the two 
IC's. The +5 volt supply is identified by a 
" +" and is shown bussed on the compo- 
nent side of the board. Similarly, the 
ground is so labelled and bussed. Again, 
this bussing on the component side of 
the board is for appearance only and the 
receptacles need not be soldered on the 
component side. But the right -most re- 
ceptacles must be soldered on both 
sides of the board for proper connection 
to the power supply. 

Receptacles tied to the test and refer- 
ence IC sockets parallel each other 
along the edge of the board just above 
the edge connector contacts. They are 
labelled with pin numbers for 14- (in pa- 
renthesis) and 16 -pin DIP's. 

Two programming examples are 
shown in Fig. 7. It is desirable to make 
up similar programming sheets for each 
IC you test. Then you can use them as 
check -off sheets to verify proper pro- 
gramming and as a permanent record of 
the test program. Similar tests can then 
be performed at a future date by quickly 
referring to the appropriate program- 
ming sheet. 

Connections from the IC tester to the 
power supply should be made directly at 
the voltage regulator's terminals. If the 
project is mounted in a plastic, rather 
than aluminum, enclosure, a heat sink 
must be provided for IC12. In any event, 
heat sink compound such as Dow Corn- 
ing No. 340 silicone heat -sink corn - 
pound should be used when mounting 
the IC on a heat dissipating surface. 

Worst -case maximum power dissipa- 
tion for the regulator will be approxi- 
mately (in watts) the unregulated supply 
voltage minus five volts, because max- 
imum current is about one ampere. The 
maximum dissipation of the regulator 
must be kept in mind when selecting the 
power supply transformer and heat sink. 
The rectified voltage across the filter ca- 
pacitor will be about 1.4 times the rms 
voltage from the center tap to one end of 
the secondary in a full -wave circuit. If a 
bridge rectifier is used, the dc voltage 
across the filter capacitor will be about 
1.4 times the rms voltage across the en- 
tire secondary winding (no center tap is 
needed). In any event, the unregulated 
dc applied to the input of IC12 should 
never drop below 8 volts at full load. 
Otherwise the output will not be regulat- 
ed. Also, the input to the regulator must 
not exceed 35 volts or the integrated cir- 
cuit will be damaged. 

VERYONE who gets into electron- 
ics, either vocationally or as a hob- 

by, hopes to own an oscilloscope. This 
isn't surprising, considering that the 
scope is one of the most versatile test in- 
struments ever to become available. Not 
only can an oscilloscope display a "pic- 
ture" of the actual signal in a circuit un- 
der test, it can also measure the signal's 
amplitude, frequency, and time period. 

The oscilloscope represents a sizable 
investment, but it is worth every penny 
you invest if you buy what you need and 
use it wisely. Here are some basic 
scope guidelines you should know be- 
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nais to the reference and test IC's. Each 
individual input of the test IC should be 
connected to a different binary code bit 
(A through H). In multiple section IC's, 
corresponding inputs can be wired in 
parallel. For example, when program- 
ming a test of a quad two -input NAND IC 

(SN7400), one input of each gate can be 
connected to the A output of the binary 
code generator and the other input of 
each gate to the B output. Thus there 
would be four gates with their inputs 
wired in parallel to the A and B bits. 

When specific binary code generator 
outputs (A through H) are patched to the 
test IC inputs, the corresponding sepa- 
rately buffered outputs A' through H' 
must be patched to the corresponding 
reference IC inputs. Programming is 

completed by patching +5 volts and 
grounds to the appropriate pins of both 
IC's. 

The foil on the component side of the 
programming board is etched to provide 
clear labelling. Binary code generator 
outputs are boxed in and identified by the 
letters A through H. Separately buffered 
outputs are shown bussed together on 
the component side. This bussing is 

done for appearance's sake only and 
the programming receptacles need not 
be soldered on this side of the board. 
Actual bussing is done on the other side. 

GUIDE TO 
OSCILLOSCOPES How to weigh 
the functions and performance that you need 
for your application in choosing this instrument. 

BY CLAYTON HALLMARK 

fore buying the instrument, including op- 
erating principles and specifications. 

Curves and Measurements. The 
oscilloscope's usefulness in measuring 
time and voltage is illustrated in Fig. 1. 

Horizontal distances on the screen rep- 
resent time by a fixed amourt per grati- 
cule square, while vertical distances 
represent voltage, also by a fixed 
amount per square. 

A TIME /DIV (typical) control on the 
scope can be used to set the width of the 
displayed image. The calibration mark- 
ings on this control permit the elapsed 

time between any two points on the dis- 
play to be determined by mutliplying the 
horizontal spacing in divisions by the 
numerical value of the TIME /Div control 
setting. For example, the horizontal divi- 
sion between points A and B in Fig. 1 is 
five divisions. If the TIME /DIV setting is 
100 µs /division, the elapsed time be- 
tween A and B is 100 µs x 5 = 500 µs. 

The VOLTS /Div (typical) control on the 
scope is used to set the height of the dis- 
play. The vertical distance tells the mag- 
nitude of the voltage of the displayed 
waveform in much the same manner as 
the horizontal distance tells the time be- 
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