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IC TESTER

DAVID H. DAGE

Test your digital IC's with this
handy device. it's a breakout
box, pulse generator, puise
detector and more!

TESTING DIGITAL CIRCUITS SHOULD BE
easy. After all, there are only two voliage
levels involved. If the signal isn’t high,
then its low. So your voltmeter or os-
cilloscope should be all that you need,
right? How wrong that is! Working with
digital circuits requires a whole new gen-
cration of test instruments ranging from
the indispensable logic probe up to the
sophisticated logic analyzers and emu-
lators.

We'll show you how to build a device
that's several digital test instruments
mlled into one. It's a monitor, breakout
box, comparator, puls¢ gencrator, and
pulse detector. [t can be used 1o trou-
bleshoot digital circuils that contain 14-
and 16-pin TTL or CMOS IC's. And it
makes a greal [C tester and trainer.

To use the analyzer for troubleshooting
your digital circuits, you connect the ana-
lyzer to the tn-circuil 1€ using ribbon ca-
ble and an [C test clip. If the analyzer is
being used as a monitor. the logic level of
each pin is displayed by an LED right next
1o a pictorial pinout of 1he 1C. Each pin of
the 1C is accessible at the analyzer for

signal injection or simply for observation.
That combination is hard to beat—it’s cer-
tainly better than tilting your head, hold-
ing a databook open with your elbow, and
jabbing spasmodically with a logic probe
on what may very well be pin 10.

The analyzer gives you a remarkably
simple way to troubleshoot an in-circuit
IC. You can compare the utputs of the IC
operating in-¢ircuit to an IC of the same
type that you know to be good. The good
IC is inserted in the analyzer, and the
power and input pins are connecied lo-
gether using slide switches, while the out-
puts are compared using EXCLUSIVE OR
(xor) gates. If the LED's remain off, the
in-circuit IC is good. It's as simple as that.

The analyzer can also be used to check
IC's before instzllation. Slide switches are
used 10 set logic levels on appropriate
pins, while the built-in pulse generator is
used to inject singie or multiple pulses.

A look at the circuit

The IC analyzer is made up of four
main parts: the power feed, a puise gener
ator, a pulse stretcher, and a set of 16 pin-
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menitor circuits. To explain the circuit
gperation as clearly as possible, we will
discuss those sections separately.

The schematic of the power feed is
shown in Fig. |. When testing in-gircuit
[C’s, the analyzer gets it power from ihe
circuit under test, through socket SO6. If
that input voltage is higher than seven
voits, SI18 must be switched to supply §
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FIG. 1—A POWER-DISTRIBUTIUN CIRCUIT I8
used so that the LED's can have their own sup-
ply voltage il necossary.
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wolts to the LEDs. Otherwise. the curment
through them will be too high.

Supply voltage V; ow is 0.8 volt less
than V- and powers the Xor gates and
the Aip-Aops used for the individual pin-
monitor circvits. The woltage is dertved
through D2 and is filtered by C17. This
provides a high threshold vollage of 2.1
wolts during 5-voli operation (which is
necessary for TTL). The rest of the cir
cuils operate between 5 and 15 volts DC.

A block diagram of the pin-monitor
logic is shown in Fig. 2, while the sche-
matic is shown in Fig. 3. Since the ana-
Iyzer can be used to examine 16-pin IC's.
it must contain 16 pin-monitor circuits.
Instead of showing the circuit 16 times,
we have shown il once and have used
letiered subscripts. Afthough that is dif-
ferent from what we normally do in Ra-
dio-Elecironics. it should serve to make
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F1G. 2—THE PIN-MONITOR CIRCUIT is shown
here in & block diaaram.
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£1G. S—~SCHEMATIC OF THE PULSE STRETCHER. LEDI7 will light on both positive and negative

transitions.

the circuit clearer. When referring to thuse
parts, we'll use an *N* subscript. In Fig.
3. of course. N=1. (Since the Xor gate
and §-R Rip-flop are secrions of IC's, we
couldn’t do that. So we'll mention here
that the XoR gates in the pin-moniter cir-
cuits are centained in ICI, IC2, ICS, and
IC6. while the S-R flip-flops are con-
tained in 1C3, 1C4. IC7. and ICB.) Just
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FIG. 3—SCHEMATIC OF THE PIN MONITOR CIRCUIT. Note thai because this circuil s repested 16
times in the analyter, the part numbers use lettered aubscripts.
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FIG. 4—THE PULSE STRETCHER block dls-
gram.

keep it in mind when you go through the
Parts Lisl.

When switch Sy is in the ouT position,
the logic level on pin Ay, is compared with
logic level on pin By, by the EXCLUSIvE OR
gate. If the 1wo levels are differem, the
high output will set a 4043 flip-flop.
Pulses less than 800 ns are considered
glitches and are filtered out by Ry and
T

"A high output from the 4043 Rip-fop
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will turn on transistor Qu. and thus the
LED. Resistors R,y and Rpy isolate and
protect the analyzer circuits while Rey
and Rpy limit current Row.

When switch S17 is in the sTORE
position, the Rip-Aop can be reset man-
ually using the pULSER switch, $19, When
$17 is not in the STORE position, the Rip-
flop is continually reset by a 100-pps pulse
train.

Placing Sy, 10 the 1N position, connects
pin Ay to pin By, so that an in-circuit IC
can be compared to an out-of-circuit test
IC.

The analyzer has a built in puise
stretcher and pulse generator. Both of
those functions can be connected inde-
pendently to any pin on the 1C under test.
The pulse stretcher will allow a single
pulse or a fast pulse train can be caught
and displayed on a separate LED. It is
highly sensitive 1o 1rue logic changes but
is immune to low-level noise.

A block diagram of the pulse stretcher
is shown in Fig. 4, and ils schematic is
shown in Fig. 5. As you can sec. it uses
five of the Schmitt-trigger inverters of
1C9. The DC level on the input pins 13 and
11 of that [C is held midway between the
swilching point by R3 through R7. and
diodes D3 and D4.

A negative transition discharges C27
and puils pin 13 low. The capacitor is then
charged through R3 until D3 conducts.
The time constant of R3 and C27 coupled
to the Schmiu trigger, produces a positive
pulse of sufficient durwion 1o then trigger
the monostable fip-Rop made up of R8,
R9, C3l and two inverters., 1C9-a and 1C9-
b. When triggered. output from pin 4 of
IC9 will go and remain high for approx-.


www.americanradiohistory.com

PUSH
BUTTON
"Vcc-v—-—o Q—I—L’
100ppS | TIME PULSE
0seC DELAY | GEN
HIGH|
Low
¢+ DRIVER POWER
STATE [T BUTPUT
SENSE | SENSE
"1 HIGH INPUT
»{ DRIVER
Low

FIG. 8—THE PULSE GENERATOR biock dis.
gram.

imately 50 ms. This output drives the
LEDI?.

Positive transitions charge C28 and
pulls pin 11 of [C9 high. An output blink
of LEDI7 is produced in a similar fashion.
Capacitors C29 and C30 hold the midway
reference voltage constant, while diodes
D6 and D7 isolate the two outputs from
pin 8 and pin 12 of [C9.

The pulse generalor can be used to
change the logic leve] voltage to the op-
posite state for a short time, overriding
any logic output that is in control. [nject-
ing pulse(s) to stimulate digital Circuitry
is indispensable for troubleshooting. The

duration of the pulse is so shent that no
damage is dope to the output device, The
pulse output can be either a single pulse of
a 100 pps (Pulse-Per-Second) pulse irain.

A block diagram of the pulse generator
is shown in Fig. 6. while its schematic is
shown in Fig. 7. The logic level of the
external circuil is sensed through RI6.
and is fed to the paTA input of flip-flop
IC10-b. When swich S19 is pushed. a
singhe positive pulse is generated by CI9
and R13. seuing flip-flop 1C10-a.

A multivibrator that generates a 100-
Pps squarcwave is madc up of R10. C21.
and 1C9-f, a Schmitt-ingger inverter. The
squarewave is fed o AnD gate IC11-c. If
$19 is held closed. C20 charges thru R12
and, after about 2 seconds, trns on IC11-
¢. That allows Aip-Aop IC10-a to he
elocked as long as S19 is pushed. When
SI19 is released, C20 rapidly discharges
thru DS and R1]1. Flip-flop IC10-a resets
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PARTS LIST.
All registors Vi-watt, 5%

Rai-Rass. Rai—Ra;e—1500 ohms
RCl_RC1ﬂ_12|OOO ohms
R°|'—RD15-""220 ohms
RE|—R€|;—4700 ohms
Rey—Re1s—15.000 ohms

R1, R11, R13, R18, R23—1000 ohms
R2—10,000 ohms

R3, R4, R9—1.5 megohms

RS, R6, R15—-100,000 ohms
R7—68,000 ohms

R8, R42-R57—150,000 chms
R10-—330,000 ohms

R12-—4.7 megohms

R14, R17, R24—12,000 ohms
R16—47,000 ohms

R17—12.000 ohms
R19—-R22—100 ohms

A25, R26-R41—220 chms

Capacltors

Cai—Caie—15 pF, ceramic disc

C17.C20, CA2—1.0 uF, 25voits, tantalum

C18, C21. C31—0.1 ceramlc disc

C19—0.01 ceramic disc

€22, C25-C26, €29, C30—0.00 pF, ce-
ramic disc

C23. C27. C28—100 pF ceramic dis¢

C24—220 pF polystyrene

Semiconductors

IC1.IC2, IC5, IC6—4070 quad excLusIvE
OR gate

IC3-1C4, IC7, {C8—4043 quad 3-state
latches

IC9—4584 Hex Schmitt tngger inverters

1IC10—4013 duai D-type tlip-fiop

1C11-—411 quad nanD gate

1IC12—78085 5-voll regulator (TO-220
casa) )

-6, Q21—2N2222

17, Q19--2N3702

8, Q20—2N4275

D1, D2—1N4002

D3-D7—1N4148

LED1-LED17—standard red LED

Other components

$1-518—SP0OT slide swilches

$19—Pushbutton switch, normally cpen

S0, 502, SO4—wirewrap type, 18-pin
DIP sockets

SO3—Solderless breadboard strip {4 % 4)

S05--2ZIF socket

SO6—2-pin power connector

S0O7—20-pin single-row female header

Miscetlzneous: Man PC board; B-sock-
et PC board; IC sockets, cabinet. DIP
headers for plugs, etc.

The following are available from Dage
Scientific Insiruments. P.O. Box 144,
Valley Springs, CA 95252: Plated-theu
PC boards, IC pin-out cards and de-
talled instructlons (order number
I1C-18), $30.00 plus 52.00 shipping.
Complete kit ot paris less chassis. DIP-
clip cable, and sockels {Order number
IC-20}, $79.95 plus 53.00 shipping.
Complete kit. includes assembled dip-
clip cable, zero insertion force socket,
even solder (order number 1C-22),
$119.00 plus $4.00 shipping. California
residents please add sales tax. Coun-
tries other than U.S.A. and Canada,
please add $8.00.
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socket hoard.

itself by R14 and C24 producing a positive
pulse of a few microseconds. That
positive pulse laiches the external circuit
level sensed by 1C10-b and, after a slight
delay produced by R17 and C23, drives
NanD gates IC11-a and [C11-d

If the exiernal circuit is high, the @
output of 1C10-b will be high allowing
ICI1-a to turn on the negative-drive eipcuit
containing Q19 and Q20. Conversely, if
the external circuit is low. § will be high
which will um on gates [Cll-d and IC11-
b, and then the positive drive circuits con-
taining Q17 and QI8.

The final part of the analyzer's circuit
are two plugs, cach of which contains 16
identical resistors mounted on a header
with all resistors ¢onnected to a common
lead. The ~shorting™ plug uses 220 ohm
resistors while the “pull-up™ plug uses
150K resistors, The schematics of the
plugs are shown in Fig. 8.

Building the IC analyzer

The easiest way 10 build the analyzer is
10 use printed-circuit boards. See our new
“PC Service” scction starting on page 81
for foil patterns for a double sided board,

A parts-placement diagram for the
5 x 6vi-inch board is shown in Fig. 9.
That main board contains all the ana-
lyzer's active circuitry. (We'll also need a
second board, called the B-socket board,
but we're getting ahead of ourselves.)

In the author’s prototype. the 18 iv/ouT
slide switches determined the front panel
height above this board. Mount a swilch
and measure this distance. For the unit
shown, the distance is 0.35 inch. Make
sure that zll components that zre not sup-
pose 10 extend above the panel, are in-
stalled no higher than the switches. This
will require careful assembly and selec-
t:on of parts. Keep in mind, however. that
you can mount switches lo the front panei
and use point-to-point wiring o connect
them to the board, That will make your
component sizes less ctitical. A cover for
the analyzer is not absolutely necessary,
but you must find some way to protect the
circuitry from shorts or mechanical
damage.

Install the 17 LED"s first. They should
extend above the panel by 4 inch, and
their height should be as even as possible.
That can be accomplished by making a
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mounting jig. A simple strip of aluminum
3¥4 inches long and Y inch high can be
placed between the LED leads before sol-
dering. After soldering, the sirip is re-
moved. leaving the LED's at a uniform
height.

The two A" sockets, SOI and SOZ,
must also be installed about 4 inch abave
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FIG. 10—THE B-SOCKET BDARD par!s place-
menl. Note thal $03 is a small solderless bread-
board socket

the PC board so that they protrude about ¥
inch above the pancl. Wire wrap IC sock-
ets have the necessary pin length for such
above -board mountng. Excess pin length
should be rimmed even with the bottom
side of the board.

contirued on page 10}
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IC TESTER
continued from page 62

All of the resistors are mounted hori-
zontally on Q.4=inch centers except for
Re, to Ry, Mount those resistors ver-
tically with the resistor body down and the
bare lead toward the top of the board. (The
bare lead will be used as a test point for
checking the LED circuitry.) Be sure that
the resistors do not extend high enough to
touch the 1op panel when installed. The
finished PC board should look something
like that shown in Fig. 9.

A sccond PC board, the B-socket
board, contains a small solderless bread-
board socket (SO3), a standard 16 pin DIP
socket (SO4), and a zero-insertion-force
or ZIF socket (SOS5). It sits above the main
board and the cabinet top and mates to the
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F1G. 11— YOUR FINISHED MAIN BOARD should
ook Ilk# this belore you install & top cover.

main board with a 20-pin connector. The
foil patterns for that double-sided board
are shown in our special "' PC Service™
seclion. and the parts-placement diagram
is shown in Fig. 10,

The 16-pin resistor plugs can be as-
sembled by using a standard 16 pin header
as shown ip Fig. 11. The common connec-
tion can be made with a tiny PC board or
simply by tying the leads together. The
shorting plug uses 220-chm résistors
while the pull-up plug uses 150K re-
Sistors.

Power is supplied from the circuitunder
test using a 2-pin connector with leads,
mini clips and an in-line fuse. Connection
to the 1C under test is via an IC test clip,
which we'll call a DIP clip. The plugs,
DIP clip. and power connector are shown
in Fig. 1.

Circult checkout

Before applying power, check over the
entire assembly for solder bridging, poor
solder connections or missing solder
points. Verify that all 11 DIP IC’s are ori-
ented with pin 1 up toward the top of the
board. Check all LED''s and transistors for
polarity, and correct any mistakes now.

Mount the main PC board on the bot-
tom chassis. but don't install the top cover
uniil we're done testing. Plug the small
PC board into the main board (through

S06) and place all of the 1n/oUT slide
swilches to the ouT position (toward the
outside). Put the power switch in the 5-7-
volt position and apply 5 volis from a
regulated extemal DC source.

Tocheck the pulse detector. connecta
IK resistor between the pulse input
(puLsE IN) and Vo on the solderless con-
nector, SO3. Short pPuLSE IN to ground
with a wire lead. The pulser LED must
blink each time the shent is made or
broken. That verifies that either a rising or
falling edge will trigger the pulse detector.
Remove the resistor and lead.

Immediately to the left of the solderless
connector is IC9, Connect pin 6. a square
wave outpul, to PULSE [N using a short
piece of wire. The pulser LED should
pulse on and off rapidly. Remove the wire.
If you have a pulse generator, feed a 25-ns
pulse to pULSE IN. The pulser LED should
blink for each pulse. Do that with both
positive- and negative-going pulses.

To check the output pulser, use a
short length of wire to connect PULSE oUT
to PULSE IN on the solderless connector.
Then connect a 22-ohm resistor from
PULSE OUT 10 V. When you momen-
tarily press the pulser button, the pulser
LED (LEDI7) should blink. Next. con-
nect the 22-ohm resistor from PULSE OUT
to ground. Once that is done, when you
momentarily press the pulser button. the
LEDI7 should blink. Depress and holtd
the pulser button again. In about 2 sec-
onds the pulser LED should start and keep
pulsing on as long as the button is de-
pressed. Remove jumper and resistor.

To check the individual pin logic. in-
sert the 220-ohm shorting plug into one of
the A sockets (SOl or SO2) and connect
its common lead to ground. Place the
STORE sSwilch to the not-stored position,
and cycle each of the individual pin slide
switches to verify that the corresponding
LED is on when the switch is in the ouT
position and off when in the N position. If
an LED does not perform properly, a sim-
ple check can determine if the LED and
drive transistor are working.

The test is done as follows. To tum off
the LED, connect one end of a IK resistor
to ground. With a clip lead or jumper
wire, connect the free end of the resistor
to the top of Ry. (R is the vertically
mounted resistor; there’s one for each
pin) To turn on an LED. connect cne end
of a IK resistor to Ve and repeat the
above.

To check the sToRE function. place
the STORE switch to the STORE position.
Tum each LED on by placing its switch to
the OUT position, then place all IC switch-
es to the i~ position. The LED’s should
remain on until either the store switch is
moved “out” or the pulser is pulsed.

Do not continue if the analyzer is not
operating as described. Comect any prob-
lers before you go on. Next time, we’ll
see how (o use the analyzer. R-E
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continued from page 80

Other shift reglisters

A recirculating shift register is a special
type of shift register whose output is fed
back toits input. A block diagram of such
a circuit is shown in Fig. 11

ln that eircuit. as data is ¢locked out of
the serial output, it is re-entered into the
register via the serial input. The result is
that afier every n + | clock pulses. where n
is the number of stages. or "bits”, in the
register, the contents of the register is reset
to its original state.

One application for that type of shift
register is in a digital storage os-
cilloscope; a block diagram of such a de-
vice is shown in Fig. 12. In such a scope,
the analog input is converted o digital
form by the A/D converter and then stored
in the shift register. The section of that
register denoted as the *“cache™ is four to
cight bytes of paralie] data that are used to
updale the stored waveform. The serial
output of the register is re-converted to
analog form by the D/A converter for dis-
play on the scope’s CRT, and also fed back
to the register’s input for reinsention.

Figure 13 shows a bucket brigade de-
vice, or stepper; the timing diagram for
that cirevit is shown in Fig. 14. That cir
cuit is an electronic version of the elec-
tromechanical stepper, where 2 voltage is
applied sequentially to a series of con-
1acts,

In that type of shift register. J-K flip-
flops are connected so that the 7 inputs are
always high and the K inputs arc always
low. In that state, the Q outputs of each
flip-fAop are usually high. However, if a
resct pulse is applied, it will force the @
output of the first stage low. As shown in
Fig. 14, that low will be passed, in ""buck-
et-brigade™ fashion, to each succeeding
stage of the register on negative-going
transitions of the clock signal.

Figure 15 shows a pseudo-random se-
quencer. The output of that circuit is a
pseudo-random signal (i.c., noise) Such
a signal can be used to test a variety of
equipment, such as audio amplifiers and
radio receivers.

The pseudo-random sequencer can out-
put 20 — | (where n is the number of stages
in the device) different states. The par-
ticular state output on a given ¢clock pulse
appears to be random. We say "appears”
because the outputs do repeat in a sequen-
tizl manner, however. that sequence is not
apparent cver a “short™ peniod of time.
(Short is & relative term; a 64 stage
pseudo-random sequencer will repeat
only after 264 = | or 1.84467 x 1019,
clock pulses.)

Next time, we will look at another cir-
cuit in which flip-flops are used—the
counter. R.E
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Last month, we showed you
how to build an IC tester and
analyzer. This month, we’ll
show you how to use it.

P t 2 WHEN WE LEFT OFF
ar last month, we had
put the IC analyzer or tester together and
had just finished checking its various
functions. This month, we’ll show you
how to put the tester to work. Before we
get started, we should mention that the
foil pattern for the solder side of the main
board was not shown in the **PC Service”
section because of space restrictions. It
does, however, appear this month. (See
page 83)

IC pinout cards

When using the IC analyzer as a
monitor or tester, you must know how the
IC is supposed to function, i.e., how the
input pins affect the output pins. The IC
pinout cards supply that information.

While the pinout cards cannot supply
all the information that you would expect
to find on data sheets, they can come
surprisingly close. For example, sec Fig.
12-a, which shows the pinout card fer a
7400 quad NaND gate. To use the IC tester
in its comparator mode, set each switch
either 1N (for an input) or out (for an

7400 QUAD 2-INPUT
NAND GATE

Vee E

74175 QUAD D Reg
Common Clock & Clear

-
mCLEAR
Qa

aa 9]

%[
o q DdE
o DCE
=[]

Qb Qc
cxf9]

g b
FiG.12—THE PINOUT CARDS should contain as
much information as possible.

output). Setting up the analyzer can be
done quickly and easily if each pin on the
card is marked appropriately.

A setof pinout cards for the 74xx series
of ICs is available from the source men-
tioned in the Parts List. If you make up
your own set, you'll want to include on the
cards un easy way o distinguish between
inputs and outputs. Our convention is to
mark inputs with a bold line toward the
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inside of the card. and outputs with a bold
line toward the edge. You'll also want to
indicate which inputs and outputs are nu-
merically weighted, etc.

To monitor and check an IC, we necd to
Know how its inputs affect its outputs. For
the most part. that informution will be
obtained from reading the IC cards, and
using a little prior knowledge. The 7400
card is an example of simple gates shown
insymbols. Prior knowledge of gate oper-
ation is necessary in order to know that
when pins | and 2 arc high, the output ut
pin 3 will be low.

As another example, look at the 74175
quad D flip-flop with common clock and
clear shownin Fig. 12-b. You may already
know that a D-type flip-flop stores the duta
on its D input when clocked and that it
may be preset (set) or cleared (reset). The
data stored is available at the Q output.
and it's complement is available at the @
output. The 7475 fhip-tlop can be
cleared, but no presct is available. To
clear the flip-flop. a low level signal is
required (as indicated by the tiny circle).
The flip-flop is clocked with arising edge.



The title “quad D flip-flop with common
clock and clear™ indicates that there are
four separate flip-flops thut are clocked
and cleared together. The four inputs, the
four true outputs. and the four compli-
mented outputs are designated with sub-
seripts a, b, ¢, and d.

Putting all that together in words and
using the pin designations on the card we
have: data on pins 4. 5. 12, and 13 will be
stored when pin 9 (clock) goes high
providing pin I is high and remains high.
This data will be present on pins 2, 7, 10.
I5 and its compliment on pins 3. 6, 11, 14
respectively. After pin | goes low, outputs
on pins 2, 7, 10, and 5 will go low and
pins 3. 6. 11 and 14 will go high.

Using the analyzer

The IC analyzer requires an external
source of between 5 and |5 volts DC. It
draws approximately 300 mA with all
LED's ht. I possible. vou should power
the analyzer from the circuit under test.
For safety’s suke. first connect the power
cable to the circuit. and then measure the
voltuge magnitude and polarity at the ca-
ble connector. Place the power switch to
the proper runge. and only then connect
the cable to the analyzer.

It the external circuit cannot supply the
300 mA needed. you'll have to use a seput-
rate power source. If you do that. it is
important that the twvo supplies have a
common ground (or that the individual
grounds remain within 112 volt of each
other).

The pinout card corresponding to the
IC under test should be inserted in the
analyzer. and ull switches should be ini-
tially in the out position. as shown in Fig.
13. However. it you're testing 14-pin IC's.
vou may want to switch the two bottom
(unused) switches to the IN position so
that the LED’s will stay off and won't be
distracting.

The visri.AY sTORE switch should also
be left in the out (not stored) position
until needed. When installing IC’s or the
DIP clip. always orient pin | correctly. Pin
I is always at the top left—even when
installing 4 pin devices.

Be aware of the voltages present on an
in-circuit 1C before connecting the DIP
chip. Many IC’s operate as input or output
buffers and their pins may not be at logic
voltage levels. Any IC with open-collec-
tor outputs should be suspect. Remember
1o orient the DIP clip to pin one.

Using the pulse stretcher

Connection to the pulse stretcher is
made at the second row of SO3. the sol-
derless breadboard. Any transition from
high tolow (or low to high) greater than 20
ns will cause the pulse-stretcher LED to
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FIG. 13—WHEN THE PINOUT CARD is mounted on the tront panel, the tunction of each switch
becomes apparent. And since each IC has its own card, no numbering confusion exists between 14

and 16 pin IC's.

blink on for about 30 ms. Rupid pulse
activity below 50 MHz will cause the
LED to blink continually. Connecting the
pulse stretcher to an in-circuit 1C is usu-

ally made by connecting the IC to one of

the A sockets (using the DIP clip) and
connecting the puise stretcher input from
socket B to socket A using an &-inch
length ol 24-guuge solid wire stripped at
both ends.

The pulser

The pulser or pulse generator is uc-
cessed at the third row of the solderless
connector, SO3, and it can be connected
1o an in-circuit IC in the same manner as
described for the pulse stretcher. The
pulse venerator senses the cxternal logic
level. and when the ruLser pushbutton
(S19) is pressed, it will drive the circuit to
the opposite state. [f S19 is held closed tor
more than 2 seconds. the generator will
deliver a 100-pps pulse train as shown in
the oscilloscope photograph of Fig. 4.

Let’s see how we would use the pulse
generator to troubleshoot the circuit
shown i Fig. 15. Suppose we want to
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verify that the anD gate ICl-a is operating
properly. and suppose that an initial check
shows that pin 2 is high and pin 1 is low. In
order to see if the gate is operating cor-
rectly. we have to override the low level
output from [Cl-c. The pulse generator
output is connected to pin Lof ICI-aand is
activated. If the circuit is operating prop-
erly. pin 3 should chunge state. If it
doesn’t. both pin [ and pin 3 must be
monitored.

I pin 1is shorted to ground (and there-
fore cannot be pulsed), monitoring pin 3 is
useless. So let’s assume at this point that
pin | did go high when pulsed. but pin 3
stayed low. One of the internal compo-
nents of the gate could be faulty, holding
pin 3 low. Let's label this a ~"logic short.”
which is typically several ohms. Pin 3. on
the other hand. could be shorted exter-
nally by asolder bridge or an unetched PC
trace. Let’s label this kind of a short as a
“hard short,” which is typically less than
an ohm.

The pulser can change the level of a
logic short but not of a hard short. It you
verify that pin | pulsed high but pin 3 did

5861 4390100
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FIG. 14—THE PULSER OUTPUT is shown on this
oscilloscope photograph. (Courtesy Tektronix.)

ICt-a 6

3 s IC1-b
1

FIG. 15—TROUBLESHOOTING THIS CIRCUIT is
easy using the IC tester.
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not. the pulser should then be connected
to pin 3 and pulsed. If pin 3 can’t be
putsed with the pulse generator. look for
an external short first betore replacing
gate A. By using the pulse generator in
this manner it 15 possible to distinguish
between logic shorts and hard-wire
shorts.

While hard shorts can occur in IC de-
vices. they are not as common as logic
shorts. To complicate matters. shorts may
exist between inputs (pin | and 2). be-
tween outputs, outputs to inputs. and cir-
cuits shown here to circuits on the other
side of a schematic. When using the pulse
generator along with the monitor. observe
any input or output that changes.

It both pins | and 2 are low. they could
be connected together and pulsed. The
pulse generator has plenty of power to
pulse several inputs at once. By tying pins
[ and 2 together. output pins 8 and |1 are
also tied together. Should pin [l change
state. it would be shorted through output
pin 8. Diodes cun be used to pulse more
than one input while maintaining output
isolation. Use diodes with a low torward
drop. such as germanium or Schottky di-
odes.

Using the in-circuit monitor

To use the IC analyzer as an in-circuit
monitor, it should be set up as tollows:
® Connect power from circuit under test
(or a separate supply)
® (Connect jumper cable to socket "A
® Connect shorting plug to socket ~B
and ground at solderless connector.
® Place all IC switches. including the
DISPLAY STORE switch, to the our
position.

Select the appropriate IC card. insert it

into the 1C analyzer, and connect the DIP
clip to the in-circuit IC. 1f an LED 1s oft,
then the corresponding pin 1s at a low
logic level. If the LED is on. then the pin
iseither at a high logic level or it is pulsing
rapidly. A blinking LED indicates slow
pulse activity.

The A sockets (SO! or SO2) are di-
rectly connected to the 1C under test. Volt-
age measurements can be made at that
point with an oscilloscope or voltmeter.
The built-in pulse generator and pulse
stretcher can also be connected there.

When an LED is on, its meaning is
ambiguous-—it can mean that the pin is at
a steady state or that it is pulsing rapidly.
However, you can determine which state
it's really in by using the pulse stretcher.

To determine pulse activity, the built in
pulser detector could be connected to one
pin at a time at socket “A”. That’s the
recommended procedure when tracing
logic or using the pulser. However a much
faster method is available. With the short-
ing plug grounded, the LED will be on if
the logic voltage is high or rapid pulse
activity is present. If you lift the shorting
plug’s ground and the LED remains on,
rapid pulse activity is present. If the LED
goes off, the voltage level is high with no
pulse activity. Lifting the ground on the
shorting plug to observe pulse activity can
be accomplished very quickly. The
monitor circuit alone is capable of detect-
ing single pulses greater than | ps. They
are stored in a flip-flop until reset by the
internal 100-pps generator.

If you remove the shorting plug from
ground, the LED’s will display the com-
plement logic, i.e. on for low, off for high.
That is useful when observing comple-
mented inputs or outputs. As an example,
the 7447 decoder that is driving a 7 seg-
ment display will have active low output
when displaying a segment. By using the
compliment a lighted LED will corre-
spond to a display segment that is on.

Pull-up plugs

For TTL devices, a floating input is
considered to be high. However. depend-
ing on internal leakage, its voltage could
fall into the undefined area of 1.7 volts or
so. Since many designers choose to leave
unused TTL inputs floating, incorrect
monitoring may result.

That problem can be eliminated by
using the pull up plug. Insert it into the A
socket and connect its lead to + Ve at
the solderless connector. '

CMOS devices have very high input
impedances, and their inputs must not be
left unconnected (floating). A floating
CMOS input can, and will, switch from
one state to the other. For new designs,
that can make troubleshooting difficult.

The pull-up plug can be installed in one
of the A sockets and alternately connected
from + V. to ground at the solderless
connector. Any input which changes
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ORDERING INFORMATION

The following are availabie from Dage Sci-
entific instruments, P.O. Box 144, Valley
Springs, CA 95252: Plated-thru PC
boards, IC pin-out cards and detaited in-
structions {order number {C-18), $30.00
plus $2,00 shipping. Complete kit of parts
less chassis, DiP-clip cable, and sockets
{order number IC-20), $79.95 pius $3.00
shipping. Complete kit, includes as-
sembled dip-clip cable, zero insertion
force socket, even solder (order number
1C-22) $119.00 plus $4.00 shipping. Cal-
ifornia residents please add sales tax.
Countries other than U.S.A. and Canada,
please add $8.00

when the pull up plug is changed should
be examined more closely. The pull-up
plug is not needed for normal CMOS op-
erations, and should be removed from the
circuit after checking the inputs.

The in-circuit comparator

To use the in-circuit comparator:
® Connect power from the above circuit.
® Connect the jumper cable with DIP clip
to socket A.
® Place all switches in the ouT position.

Select the proper card and insert it in
the tester. Then connect the DIP clip to the
in-circuit IC and install a good IC in sock-
et B. You are then ready to put the switch-
es tor ground, power. and the inputs to the
IN position.

All the LED’s should remain oft if the
in-circuit IC 1s operating properly. If an
output LED blinks or stays on. something
is wrong. If an input LED blinks or stays
on. the input is probably floating and
should be ignored. To catch and hold sin-
gle momentary faults. switch SI7 to the
sTORE position. To clear, press S19, the
PULSER switch.

Output LED's will go on il an output
pin on one IC changes more than 800 ns
before the sume pin on the other. The old
style CMOS outputs called A-Series do
not have the drive capabilities that the
newer B-Series devices have. Itis possible
that the A-Series device is driving a large
capacitive load and may take longer than
800 ns 1o switch. The analyzer's good 1C
is driving practically no load at all and
theretore switches very rapidly. Viewing
the output on a scope should reveal such
timing problems.

For the comparison test to work. both
IC’s must be synchronized. As an exam-
ple. assume that a 4060. |4-stage ripple
counter 15 used as a simple divider and
that the circuit does not require the divider
to be reset or start from zero. To reset this
device. pin 12 must be made high. It pin
12 is held low with a resistor. the pulse
generator can reset both the in-circuit and
the known good IC. They will now run in

continued on page 115



PC SERVICE

One of the most difficult tasks in build-
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some-
thing about it.

We've moved all the foil patterns to this
new section, where they're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!
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In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and,
in general, all the kinds of things you look
forinthe final etched board. You can clean
up the published artwork the same way
you clean up you own artwork. Drafting
tape and graphic aids can fix incomplete
traces and doughnuts, and you can use a
hobby knife to get rid of bridges and dirt.

6% INCHES

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any oil on the front side of the paper (the
side with the pattern) because you'll con-
taminate the sensitized surface of the
copper blank. After the oil has “dried” a
bit—patting with a paper towel will help
speed up the process—place the pattern
front side down on the sensitized copper

i

THE SOLDER SIDE OF THE IC TESTER BOARD. See page 80 for more information.
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PC SERVICE

blank, and make the exposure. You'll
probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposure time you will need because we
don't know what kind of light source you
use. As a starting point, figure that there's
a 50 percent jncrease in exposure time

over lithographic film. But you'll have to
experiment to find the best method to use
with the chemicals you're familiar with.
And once you find it, stick with it. Don't
forget the “three C's” of making PC
boards—care, cleanliness, and con-
sistency.

Finally, we would like to hear how you

WwwWwW americanradiohistory com

make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad-
dress your letters to:

Radio-Electronics

Department PCB
200 Park Avenue South
New York, NY 10003



MULTIPATH RECEPTION

continued from page 76

nal and the direct signal are amplified by
the same gain factor and then rectified to
produce DC voltages.

The comparator/control circuit com-
pares the levels of the DC voltages derived
from the two IF signals and immediately
selects the antenna and tuner combination
with the lowest DC voltage from the AM
component of a multipath signal. The
control circuit switches the input of the
audio amplifier to the output of the tuner
providing the better signal. Switching oc-

level, interference and distortion is first
noticed as noise and hiss in the treble
range. A further drop causes garbled
sound and random dropouts. Mono sig-
nals have a higher high-frequency content
than stereo signals, which results in better
masking of noise and hiss.

Some car stereo makers use that fact to
reduce multipath distortion. When multi-
path reception causes the incoming signal
to fall below a given level, control circuits
automatically switch the receiver from
stereo to mono. In some sets, the switch-
ing from stereo to mono is rather abrupt
and quite noticeable. In others, such as
Pioneer’s (5000 Airport Plaza Dr., Long
Beach, CA 90815) receiver models KE-

ANT1
TUNER 1 iFi B'E'n L
Y
SWITCH
LOCAL COMPARATOR AUDIO
osc CONTROL 2\0—' AME = SPEAKER
ANT2
£
TUNER 2 IF2 D'é'n b4

FiG. 8—BLOCK DIAGRAM of a stereo diversity reception stereo receiver. Note that it has two indepen-

dent front ends.

FIG. 9—THE AUDIA DXT-1000 diversity receiver
from Clarion.
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A630, KE-A430, and KE-A330 (see Fig.
10) the transition from stereo to mono is
achieved by a gradual blend of the left-
and right-channel signals. As the FM sig-
nal gets stronger, the effect is gradually
reversed.

In some receivers multipath distortion
under weak-signal conditions is made less
noticeable by rolling-off the high-fre-

FIG. 10—THE KE-A330 stereo receiver from Pioneer automatically switches to mono when the signal
strength drops below the level required for acceptable stereo reception.

curs as rapidly as necessary to ensure that
the listener gets the signal with the least
interference and distortion.

Other manufacturers use different tech-
niques to reduce multipath distortion in
automotive FM receivers. One such tech-
nique makes use of the fact that, for a
given signal strength, a stereo FM signal
is inherently noisier than a mono one. For
adequate reception, a receiver requires a
signal that is above a given threshold
level. As the signal drops toward that

quency response when the incoming sig-
nal does not have enough treble content to
override hiss and noise. Usually that is
done by feeding the recovered audio sig-
nal through a highpass filter and rectifier
to a logarithmic amplifier that develops a
DC voltage that is proportional to the
high-frequency content of the signal. That
DC voltage controls the bandwidth and
roll-off of a variable highpass filter—cut-
ting the high-frequency response so noise
and hiss are eliminated. R-E
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IC TESTER

continued from puge 82

unison. More than likely, the circuit will
tie pin |2 directly to signal ground. In that
case. there is no casy way to get the two
devices synchronized, and the com-
parison test will not work.

Testing IC’s

To test out-of-circuit 1Cs:
® Connect power from external source
® Connect a grounded shorting plug to
socket A
® Place all IC switches in the our
position.

Select the appropriate 1C card and in-
sert it into the IC analyzer. Then insert the
1C in the right-hand B socket (SOS). Use
short jumpers of 22-gauge solid wire to
make power and ground connections from
the solderless connector to one of the B
sockets.

The tnputs can be tied low by putting
the switches to the IN position. Do not
switch the outputs, power, or ground pins.
The pulser can be connected at the B sock-
et, and should be used to test clocked
logic. The pulse generator pushbutton is
not debounced, so occasionally a double
output pulse may result. R-E

DON'T COUNT
ON THIS
ALONE
TO SAVE
YOUR LIFE.

First-aid kits are fine for some emergen-
cies. But what if you were choking? Having
a heart attack? Or a stroke? This kit would be
useless.

Call the Red Cross. We'll teach you and your
employees how to save a life.
From work-safety to CPR. you can count on

the Red Cross. We’ll help. Will you?

+America.nRedCross

Amq-cs-rmununmm
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