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INTRODUCTION

The digital d cirenit has ioned the el ics industey, Through
the digital IO, designers’ dreams are bocoming realities, Areas such as pocket
calculators, digital computers, and all phases of a heretofore analog world are
exploding with more complex, compact, and powerful pmdnm than ever befora.
But this advance in electronics has not camne wrlhaul a pnz:e. The d.iklm] l:m_-

grated cmulr has n]m hrwghl. n major headach and
thess betwsen analog and :hgital circoits
and the lting need for new ine ion and bleshooti h

are rnspunsib]e for these problems.

This application note di the fi diffy between discrete
analog “cireuits and those built from digital integrated circuits. An analysis of
lhe failure de.ca of digital IC's suggests an algorithm for digital trouble-

The ion of this algorithm and HP's IC TROUBLESHOOTERS
{Laogie Comparator, Probe, Pulser, and Clip) can significantly increase the of-
ficienicy of today's mmbieqhm:u:r, Tt is essential that the reader understand
the nperation of the [C TROUBLESHOOTERS before studying this algerithm,
{If not thoroughly familiar, the reader should study Appendices I and II before
proceeding.}
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Figure 1, Discrete Ve, Integrated Circuits. Tronbleshooting efreuits built from
diserete componants requires verifying relatively simple characteristics such as
resistance, capocitance, or turnon veltages. Today's-circuits built from digital
1% require the verification of complex digital waveforms defined by the truth
table of the IC.



. ANALOG TECHNIQUES AND DIGITAL
TROUBLESHOOTING

th\ erlhleﬂmnhns cirouits built from analog components, the task is one of

ly simple ch such s resistance, capacitance, or

turn-on voltages of components with two or at most three nodes, While the

function of the tota] eireuit may be quite complex, sach component in that cireuit

performs a relatively simple task and proper operation is easily verified. In Fig-

ure 1, each dinde, resistor, cnpauhor and transistor can be tested using a signal

and a vol dinde checker, or oscilloscope—the tradi-

henal troubleshooting tools. But when this circuit is built in integrated circwit

form, these components are no longer nl:cumhh'_ It now becomes necessary
to test the ion of the lete circuit fi

built from digital 17 is in the af the

new “components”, Unlike the resistor, capacitor, diode or transistor, which
must be interconnected to form a circuit fum.'hﬂn. budayl diﬂita.l [C pcrfurma
complete, complex functions. Instead of ot ing simple ics, it is
now neceasary (o observe complex digital signals snd dmde if these signals are
correct secording to the function the IC is meant to perform.

Thus &n important difference between discrate cm:mtry and Lodays circuita
d by these

e now requires stimulating and observing
many lnmﬂa {in Figure 1 there are 10 inputs) while simultaneoesly observing
several outputs {often 2 or 3 and at times as many as 8). Thus another funda.
mental difference between ecireuitry built from discrete components and digital
IC's is the number of inputs and outputs associated with each component and
the need to stimulate and observe these simultanecusly.

In addition to the problems of simultaneity of signals and complexity of
functions at the component level, the digital JC has introduced o new degree
of complexity at the eircuit level, Circuits which perplex all but their designer
are commonplace. Given enough time, these circuits can be studied and their
operation understood, but this is not an affordable luxury for those involved in
troubleshooting electronie cirewits.  Without und fing n circuit's intri
operation, it becomes necessary to have a technique of quickly testing each
component rather than attempting to isolate a failure to a particular circuit
gegment by testing for expected gignals,

In order to solve these pmb.lema and to make the troubleshooting of digital cir
cnits more efficient, it is necessary to take advnnugu of the d:sn.ul nature of
the signals involved. Tools and fect to t analog
circuits do not take advantage of this dlg:\‘.al nature and thus are less efficient
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Figure 2. TTL Signal. l'u tkr digital lwr(d tke relative value Df a signal voltage
with respect to the th voltages de the of the circut,
A signal above the high threshold is in the high state and. whether it is 2.8V or
30V is unimportant to the operation of the circuit,

Figure 2 shows a typical TTL (Transistor-Transistor-Logic) signal. This might
as well be any analog signal when viewed on an oqclllusmpe. The oscilloacops
displays abeolute voltage with respect to l.{mu. but in the digital world nbsolute
values are un{mportam A digital Mnn] ax\sts in ane: ol'twn or three states—high,
low, wnd wnd d or in-bet d by a threshold voltage.
It ie the relative value of the signal vnh.nge with respect to these thresholds
that determines the state of the digitn] signal and this digital state determines
the operation of the IC, not absolute levels. In Figure 2, if the signal is greater
than 2.4 wols, it is o high state and it is unimportant whether the level is
28 or &0 volts. Similarly for a low state the voltage must be below 4 volts,
It is not important what the absolute level is as long as it is below this
threshold. Thus when using an oseflloscope, the troubleshooter muost over and
over again determine if the signal meets the threshold requirement for the
desired digital state.

Within o digital logie family, such as TTL, the timing characteristics of each
component are well defined, Ench gate in the TTL logic family displays & charne
teriatic propagation delay time, rise time, and fall time. The effects of these
timing parameters on circuit operation are taken into account by the designer.
Onee a design hag heen developed beyond breadboard or prototype stage and is
into production, problems due to design have hupef\luy been corrected.  An
important characteristic of digital 10 is that when they fail, they fail
eatastrophically. T‘Iua means that timinu parsmeters rarely degrade or become

inal. Thus ing on an and making repeated decisions on
the validity of timing is time and it vory little
to the troubleshooting process. Once problems due to design are corrected,
the fact that pulse activity exists is usually enough indication of proper IC opera:
tion without further observation of pulse width, repetition rate, rise time or fall
time,
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Figure 3. When stimulating o node in circuit, such as C cbove, it is necessary
to guerride the low impedonce tatem pole output stage driving that node,
When the output i in the low state, it i o soturated fronsistor (o ground.
Presently used signol sources are not powerful enowgh to override this low state.

Figure 3 shows & problem created by the TTL logic family. The output stage of
a TTL device is a transigtor totem poh:_ In either the high or low atate, it is a
low impedance. In the low state it is a saturated transistor to ground. It this
appears as i—10 ghms to ground. This presents a problem to in-circuit stimula-
tion, A signal source used to inject o pulse at n node which is driven by a
TTL putput must have sufficdent power to override the low impedance output
stote,  Most sources Iy used for blesheoting do not provide this
capability. It has been netessary for the troubleshooter to either cut printed
eirenit traves or pull IC leads in ord.er to stimulate the circuit being tested.
Both of these practices are time linble repairs.

Thus the use of the traditional oscill and the iti signal sources is
inefficient. Since the diodes and transistors are packaged in the IC, use of diode
checkers ie also marginal. These wols are general purpose tools that can be
applied to any situation if the troubleshooter has enough time. But with the
quontity and complexity of today’s electronic cireuits, it makes sense to find the
most efficient solution to the problem ot hand, This suggests using the oseille-
sp0pe, r.Hndo rheeh!n and voltmeter on analog circuits where they really shine
and using that take of the digital nature of signals on
the digital circuitry to be repaired,




Il. FAILURE MODES OF DIGITAL IC'S

In order o blesk ly, it is impo to i the type of
failures found in digital circnits: These can be categorized into two main
classea—those consed by a fuilure internal to an IC and those cansed by a failure
in the circait external to the 10,

There are fiur types of failures that ean oecur internally to an IC, These are
(1} an open bond on either an input or outpat, (2) a short between an input or
outpat and Ver or ground, (3} a short between two pins (neither of which are
Ver or ground), and (4) o failure in the internal circuitey (often called the
steering circuitry) of the IC.

In addition to these four failures internal to an 1C, there are four failures that can
occur in the circuit external to the IC. These are (1) a short between a node and
Vee or ground, (2} o short between two nodes (neither of which are Vee or
ground), (3] an open signal path. and (4} a failure of an analog compenent.

TO OTHER IC INPUTS
L_-D“‘ ».TO OTHER
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Figure 4. The Effect of an Open Output Bond Upon Circuit Operation. An open
output bond allows all inputs driven by that cutput to floot to a “bad level.”
This leve! is usaelly interpreted a8 a logic high state by the inputs, Thus the
inputs driven by an open outpat bond will respond as though a static logic high
signal was applied,




Bafore discussing how to detect each of these failures we will discuss the effect
each has gpon elrcuit operation, The first failure internal to an [C mentioned
was an open bond on either an input or output. This failure has a different
effect depending upon whether it is an open output bond or an open input bond.
In the cose of an open cutput bond (Figure 4), the inputs driven by that outpot
are left to float. In TTL and DTL circuits a floating input rises to approximately
14 to L5 volts and usually has the same effect on circuit operation as a high
logic level, Thus an open output bond will cawse all inputs driven by that output
te float to a bad level since 1.5 wolts is less than the high threshold level of
2.0 volts and greater than the low threshold level of 4 volt. In TTL and DTL,
a flonting input is interpreted as a high level. Thus the efféct will be that these
inputs will respond to this bad level as though it were a static high signal.

Tn the case of an open input bond (Figure 5), we find that the open circuit
blocks the signal driving the input from entering the IC chip, The input on the
chip is thus allowed to float and will respond as thoogh it were a static high
signal. It is important to realize that since the open occurs on the input
inside the IC, the digita] signal driving this input will be unaffected by the
open. and will be detectable when looking at the input pin (such as at Point A
in Figure 5), The effect will be to block this signal inside the IC and the
resulting IC operation will be as though the input were o static high.

TO OTHER IC INPUTS
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Figure 5. The Effect of an Open Input Bond Upon Circuit Operation. An open
bond on an input hes the effect of blocking the input signel from reaching the
efiip and allows the input of the chip to float to o “bad level " Thus cven though
the signal can be viewed at an external point such as Point A, the input of the
chip responds to the “had level” as though it were o static high level.



A short between an input or output and Vee or ground has the effect of holding
oll signal lines connected to that input or cutput either high (in the case of a
short to Vee) or low (if shorted to ground) (Figure 8). In many cases, this will
cause expected signal activity at points beyond the short to disappear and thus
this type of failure is entastrophic in terma of circuit operation,

TO OTHER I INPLITS

Ve

D OTHER
F ;DL IC INPUTS
—:3-_ TE OTHER 10 INPUTS

Figure 6. The Effect of a Short Between an Input or Output gnd Vee or Gnd,
All ‘signad lines conpected to Point A are held in the high stete, Al signal
lines connected to Point B are held in the low state,

A short between two ping is not as straightforward to analyze as the short to Veo
or ground.  When twn pins are shorted the outpute driving those pins oppose
each other when ene attempts to pull the pins high while the other attempts to
pull them low (Figure 7). In this situation the output attempting to go high will
supply current through the upper saturated transistor of its totem pole output
stoge while the output attempting to go low will sink this current throngh the
saturated lower transistor of its totem pole output stage. The net effect is
that the short will be pulled to o low state by the saturated transistor to ground,
‘Whenever hoth ouiputs attempt to go high simultaneously or to go low simul-
taneously, the shorted ping will respond properly. Buot whenever one outpot
attempts to go low the short will be constrained to be low,
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Figure 7. The error effect of a short between fiwo ping oceurs when the outputs
driving those pins attempt to pull the shert to opposite states. In this case, the
output attempting to pull the node high will be supplying current while the out
put attempting to pull the node low is o safurated transistor to ground and will
be sinking the current. The saturated transistor to ground will thus pull the
noede toa fow stake,



The fourth failure internal to an [T is a failure of the internal (steering circnitry
of the IC (Figure B). Thia has the effect of permanently turning on either the
upper transistor of the output totem pole thus locking the output in the high
state or turning on the lower transistor of the totem pole thus locking the
output in the low state; Thus this failure blocks the signal flow and has a
eatagtrophic effect upon eircuit operation.

STEERING CIRCUITRY

Figure 8, The Effect of a Failure of the Internal Circuitry of the JC Upon
Circuit Operation. A failure of the steering circultry of an 1C will either cause
the output to be in a static high state or o static low state,

A short between a node and Vee or ground external to the 1C is indistinguishahle
from a short internal to the I0. Both will cause the signal lines connected
to the node to be either always high (for shorts to Vec) or always low (for
shorts to groand), When this type of failure is encountered only a very close
rhyuica] examination of the circuit will revenl if the failure is external to the
o,






I, A DIGITAL TROUBLESHOOTING ALGORITHM

The first step in any tm\lhleshmhng pmnesa in I.n narrow the malfunctioning area
s much as possible by igtics of the failure
This is often called “front panel mllkinl " From the front panel operation {or
rather mis-peration) the failure should be localized to as few civcuits as pos-
sible. At this point it is necessary to narrow further the failure to one suspected
cirenit by looking for improper key signals between circuits. The Logic Probe can
be very effective here®

In many cases, a signal will completely disappear. By rapidly probing the inter-
connecting signal paths, a missing signal can be readily detected. Another im-
portant failure i the eccurrence of a signal on a line that should not have had a
signal. The Pulse Memory option for the Logie Probe allows such signal lines to
be monitored for single shot pulses or pulse activity over extended periods of
time, The vecurrence of a signal will be stored and indicated on the Pulse
Memory's LED.

™ d upon a wellwritten service manual is the key to this phase of
troubleshooting,  Tsolating a failure to a single cireuit requires knowledge of
the instrument or system and its operating characteristicn, A well written
manual will indicate key signals to be observed. The Logic Probe will provide
a rapid means of observing the presence of these signals.

Onee a failure has been isolated to @ single circuit, the IC Troubleshooters (Logic
Probe, Pulser, Clip, Comparator) can be used to observe the effect of the failure
an girewit operation and to locate the failure to its cavse (either an IC or a fault
in the crevit external to the 10 The technigue described below for applying the

Ic ﬁaubleshuum to this tuzk allows signifi (4 to 1) i over
existing bl by p fing a digital salation to the digital
troubleshooting problem.

With today’s circnits containing as many as several hundred 1C's, the problem of
troubleshooting becomes one of physlcalh' |90Iaung the trouble to the £ or 3 ICs
affpcted by the fuilure. A majority of today's 1 ing time is spent look-
ing at signale which are good and determining that they are good. This is time
not spent solving the problem but rather time spent getting to the problem!
The Lagie C: offera the ity to reduce drastically this time and
quickiy to isolate the failure to only a few nodes out of the hundreds that exist
on a digital circait thus allowing more time and talent to be spent analyzing the
trouble.

The first step in the troubleshooting algorithm (Figure 10) is to use the Logic
Comparator to test all testable I8 (see Appendix 11 for testable IC's) in the eir
cuit or portion of the circuit which is suspected of failing and to note the IC's
and pins that the Comparator indicates as failing.** This will rapidly focus
attention on the physical areas of the circuit whlch are malfunctioning. Experi-
ence shows that this ion will require app: ly 30 seconds per 1C.

. is essentinl that the reader understand the operation of the Logic Probe,
Clip, Pulser, and Comparator; if not thoraughly familinr, the reader should

etudy Appendix T before proceeding.

**{iften, the itive Logic C indj a failure because its clip is
not making good contact especially when the 108 have been sprayed with a
sealer. Thus before deciding that a node definitely does not squeeze

the clip's jnws tightly and npply a slight twisting motion.



STEP 1. Teat all I8 uaing the Logic Compar-
ator or Loghe Probe, Pulser and Clip and note
the failing nides.

Staps 2 thri 5 should bo repeated fur ench
Jatling node noted tn step 1.

BTEP 2. Test for on open outpat band driving
the failing node using th Logic Probe. I an
open output bond {8 indicated, veplace the 10
driving the fulling node.

STEP 3. Test for a shert to Vee or GND using
the Logle Pulser and Probe. By simultansous-
Iy prolding and pulsing the bad node a short
to Vee ar I} can be detected since the
Pulser is unnble to inject  pulse into such
& shart

STEP 4. Test for a short between two nodes
using the Logic Probe and Pulser or an
shmmeder,

STEP 5 If the failure is not found in steps 2
thru 4 then the failure is ecither an open
inpul bond or o failure of the intemal eir-
cuitry of the 10 driving the filing node
In vither case the 1C driving the failing node
hould he replaced

Figure 1. Digita! Troohleshooting Algorithm.  After Step I, the mapping step,

the LOGIC PROBE, and PULSER are used to eliminate &)
af IC failures discussed in Chapter I11,

tematically the conses

In Step & the couse (s determined by

induction from the results of Steps 2 through 4.



For those 10 that are not testable with the Logic Comparator or for which a
reference card doss not exist, the Logic Probe, Pulser, and Clip can be used to
verify proper IC operation, The Logic Probe can he used to observe the signal
activity on inputs and to view the resulting output signals. From this informa-
tion, a decision can be made as to the proper operation of the IC. For example,
if a elock signal i occurring on o decade counter and the enabling inputs
(usually reset lines) are in the enabled state then the sutput should be counting,
The Logic Probe will allow the clock and enabling inputs to be observed, and,
if pulse activity is indicated on the outpats, then the IC ean be assumed to be
operating property. As stated before, usually it is mot necesgary to see the actual
timing of the output signals since 1C's fail - The of
pulse activity ia often enough indication of proper operation.

‘When more detailed study i desired or when input signal activity is missing,
the Logic Pulser can be used to inject input signals and the Logic Clip or Probe
used to monitor the This tect is ially good when testing
digital gates and other combinatorial devices. The Logic Pulser can be used to
cause the inputs to go to a state which will cause a change in the output state,
For exampile, a three-input NAND gate which has high, low, low inputs will have
n high output, By pulsing the two low inputs high using the Logie Pulser (and
the Multipin Stimulue Kit, if necessary) the output will pulse low and can be
detected by the Logie Probe. This then indicates that the IC is operating
properly, The Logic Pulser is also valusble for replacing the clock in digital
circuit thue allowing the circuit to be singlestepped while the Logic Probe and
Clip are used to oheerve the changes in circuit's state.

This firat step might be called the “mapping” stap since the effect is to map
out the Vmbdem areas for further i It is imp todoa
“mapping” of the circuit before proceeding to analyze each of the indicated
failures. Prematurely studying a fault can result in overlooking of fanlts which
cause multiple failures such as shorta between two nodes. This then often leads
te the needless replacement of a good 1C and much wasted time. With a com-
plete troublearea “map” we can begin to determine the type and cause of the
failores, We do this by systematically eliminating the possible failures of
digital circuite discussed above,

The firet failore to test for is an open hond in the IC driving the failed node.
The Logic Probe provides a quick and aceurate test for this failure. If the output
bond is open, then the node will float to a bad level, By probing the node, the
Logie Probe will quickly indicate a bad level. If n bad level is indicated then the
I driving the node should be replaced and retested with the Logic Comparator.

If the node is not a bad level then a test for a short to Vee or ground should
be made mext. This can be done easily using the Logic Pulser and Probe,
While the Logic Pulser is powerful enough to override even a low impedance
TTL cutput it is not powerful enough to effect o change in state on o Vee or
ground bua.  Thus if the Logic Pulser is used to inject a pulse while the
Logic Probe is used simultaneously on the same node to observe the pulse, a
short to Vee or ground can be detected, The occurrence of n pulse indicates
that the node is not shorted, and the absence of a pulse indicates the node is
shorted to Ve (if it is a high) or ground {if it is a low).

If the node is shorted to Vee or ground there are two possible causes. The first
is o ghort in the circuit external to the IC' and the ather is a short internal
to one of the IC's attached to the node. The external short should be detected by
an examination of the circuit. If no external short is found then the cause is
equally likely to be any one of the IC0's attached to the node. The only suggestion
that can be made (based upon experience) is to first replace the IC driving the
node and if that does not solve the probiem try each of the other IC's individuaily
until the short is eliminated, (It might be noted that on oecasion analog com-
ponents such as resistors or capacitors attached to the node have shorted.)
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If the node is not shorted to Vee or ground nor is it an open output bond then
we should look for a short between two nodes, This can be done in one of two
ways. First the Loglc Pulser can be used to pulse the failing node being
atudied and the Logic Probe can be vsed to observe each of the remaining failing
nodes. If a short exists between the node being studied and one of the other
failing nodes, then the Pulser will cause the node being probed to change state
{i.e., the Probe will detect a pulse). To ensure that a short exists, the Probe and
Pulser should be reversed and the test made again. If a pulse is again detected
then a short is definitely indicated, As n further test or as another way of
testing for a short between two nodes, the circuit ean be removed from the in-
strument or system and an ohmmeter can be used to measure the impedance
hetween the two failing nodes. A short between them will be easily detected.

If the failure is a short then there are two possible cavses. The most likely
is a problem in the cireuit external to the 1C's. This can be detected by physically
examining the cireuit and repairing any solder bridges or loose wire shorts found.
Oy if the two nodes which are shorted are common to one 1C can the failure
be internal to that 1C. If after examining the cirenit no short can be found
external to the IC, then the 10 should be replaced,

If the failure f& not A short botween two nodes then there are only two pos-
sibilities left. They are that the failure iz an open input bond or a failure of
the internal circuitry of the IC that the Comparator indicates han fsliad In
either cose, this 10 should now be replaced. Thue, by i

the IC failures, the cause can be located.

An fmportant step at any point where sn IC is replaced is the mtastlns uf l.hu
circuit with the Logic Comp . If the © again indi

failure, them more study of the pmblem must be made with the kmwkdge
that the failurs is not in the I that has just beon replaced.

Thers is one type of failure that was not discussed in the algorithm, and that
is an open signal path in the circuit external to the 1C (Figure 11), This type
of failure will not be indicated by the Logic Comparator and will therefore
not be shown on the trouble-nrea map.  If after using the Logie Comparator to
test all the IC's, no nodes are indicated as failing, or, if after finding the
cause of the failures indicated by the Logic Comparator, the cireuit is:still
malfunctioning, then an open signal path can be suspected.

LEVEL
B

600D,
LEVEL"

Figure 11, The Effect of an Open Signal Path External to the 1C's. The open
canses Point B to float to a bad level while Point A is driven by proper TTL or
DTL signal levels. Starting at the input of gate 3 or 4 and procesding back toward
gate |, the exact location of the open can be determined using the Logic Probe,
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The Logic Probe provides o rapid means of not anly detecting but also physically
locating the open. Since an open signal path allows the input to the “right”
of the open to float to a bad level, the Logic Probe can be nsed to test the
input of each IC for a bad level. Onece an input floating st a bad level is
datected, the Logie Probe can be used to follow the circuit back from the input
looking for the open, This can he done because the circuit to the “left” of the
open will be a good logic level (either high, low, or pulsing) while the cireuit
to the right will be & bhad level. Thus probing baek along the signal path will
indieate a bad level until the open is passed. Thus the Probe can be used to
locate precisely the open. The open can then be repaired and the circuit tested.

‘This systematic elimination of possible failures in digital circuits coupled with
the digital IC Troubleshooters will ensure n rapid and accurate repair. Because
the 1IC Troubleshooters provide a digital selution to the digital problem, im-
provements in trouhleshooting time of at least 4 to 1 are easily achieved.



APPENDIX |. THE IC TROUBLESHOOTERS—
A DIGITAL SOLUTION

The LOGIC PROBE is a digital state thighs and lows) indicator which provides
at the user's fingertips an indication of a high level, low level, or bad level
gignal. Tnternal threshold detectors determine if the slgnal being probed is above
the high threshold level (see Figure Al), below the low threshold level, or in-
between these two, A lamp indicator then glows brightly for a high level,
goes off for a low level, and glows dimly for a signal that is between the two
threshalds,

Since it is necessary to ohserve dynamic signal activity as well as the static
levels described above, the LOGIC PROBE also has pulse strotching eircuitry
which detects pulses as narrow as 10 ns and stretches them to give a .1 sec blink
of the lamp indicator. Thus if a low signal pulses high, the LOGIC PROBE
will blink “ON" and if a high signal pulses low, it will blink “OFF." When
the PULSE MEMORY OPTION is used with the LOGIC PROBE, monitoring of
a signal line for single shot or low frequency pulses over extended periods of time
ia possible. An LED, in the Pulse Memory will light upon the occurrence of a
pulse and will remain on until reset by the user.

Tn addition to gingle shot pulses, the LOGIC PROBE will also indicate pulse
truins of frequencies up to 50 MHz, Tt does this by blinking the lamp indicator
at a constant 10 He rate,

SPECIFICATIONS: Logic Probe

Input Impedance: =27 k{2 in both the high and low state,

Logle Ona Threshoks: L0V £ 03V,

Logle Zera Threshold: (LY « 2V, - D4V,

Input Minimum Pulse Width: 10 ns (5 ns typicall.

Input Maximum Pulse Repetition Frequency: =50 MHz.

I 70 valts. +200 volta | i

nput Overlond
120V e for #) seconds;
Power Requirements: 5V = 109 at 100 mA, internal overlond protection for
woltages from +7 to -15 volts. Includes power lead reversal protection.
Temparature: 0° o G570, :
Accessories Included: BNC 1o alligator clipa, ground clip.

Figure Al, 106267 Logic Probe.



Thus the LOGIC PROBE allows the user to \new swlve s!gnuls. mmﬂr ahm pulses,
and pulse trains at his finger tip, the
need to determine repeatedly if a signal is above or below the threshold.
The response of the lamp indicator is so intuitively related to the actual signal
activity that interpretation is rapid and simple,

The LOGIC CLIP is another digital state indicator (Figure A2). It allows up to
16 signals on a single IC to be ohserved simultaneously. The LOGIC CLIP has
a single threshold level. If a signal on a given IC pin is above this level,
an LED in the CLIP is turned on coreesponding to that pin, If the signal is
below this level the LED is turned off, Thpmka to mlemn] power secking
cirenitry, the LOGIC CLIP cannot be } egardless of how it
is clipped onto the IC, it will display the desired signal.

The LOGIC CLIP differs from the LOGIC PROBE in two important ways. First,
it hag a single threshold as opposed to the two threshold in the LOGIC PROBE
and will therefore not indicate o bad level. Tt will respond to a bad level
signal in the same way a TTL or DTL gate will, as a logic high state. Secondly
the LOGIC CLIP does not have pulse stretching circuitry. In order to view high
frequency or single ahot narrow palses, the LOGIC PROBE should be used,

FEFREERBERERB

SPECIFICATIONS: Logic Clip

Input Threshold: 1.4 = 0.V TTL or DTL compatible (excopt gates with
oxpander inputs).

input Impedance: Ome TTL load (-1.2 mA typical per input).

Input Pratection: Voltages < -1V or »TV must be current limited to 10 mA

Supply Valtege: 5V ¢ 1(M across any two or more inputs

Maximum Current Consumption 120 mA.

Temperature: 07 tn G5°C,

Dimanelons: 215 in. high, 1.5 in. wide, 1 in. deen (55 x 40 x 25 om), moximum,

Welght: Net, 15 om. (45 gm). Shipping, 4 oz. (120 gm)

Figure A2, 105284 Logic Clip. With the Logic Clip, up to 16 signals on o given
IC ean be observed simultaneously, Tnternal power seching circuitry allows the
elip to be attached in any orientation and makes ite operation completely
portable.



The ability to view signal activity on several pins simultaneously is a tremendous
time saver. Consider the problem of testing a decade counter (eg., T480). It
is necessary fo view at least one input and four ocutputs simulianecusly to
determing if this device is operating properly. With the LOGIC CLIP this is no
problem

The LOGIC PROBE and CLIP provide a response mode of operation to the user
that is optimized to digital signals. But the mainstay of all troubleshooting is
stimulug-response testing, It is necessary to apply a signal and ohserve the
response to determine if the device is operating properly. As was pointed out
previously, this is very difficult to do in TTL circuits.

The LOGIC PULSER provides the solution in an easy to use probe package
(Figare Ad). The LOGIC PULSER injects into the circuit a single 300 ns wide
pulse of proper amplitude and polarity each time its button is pushed. If the
node was low, it will be pulsed high and if it was high it will be pulsed low
without the need to readjust the PULSER. The PULSER is capable of sourcing
or sinking 75A for the 300 ns pulse width to ensure that the node is pulsed.
The narrow width (300 na} will not damage the 1C°s being pulsed.

Thus it now becomies possible to jump rapidly from point to peint in the dreuit
applying pulses and observing the responses. Together the LOGIC PULSER,
LOGIC PROBE and LOGIC CLIP provide total in-circuit stimulus response test-
ing for all TTL families, DTL, and other 5 volt logic.

SPECIFICATIONS: Logic Pulser

Dutput HIGH Pulse Vollsgs: >2V ut B5A (1A typical at Vps = 5V, 25°C).
Output LOW Pulse Vollage: <08V ut m:mwmmwpw,wm
Qutput Impedance, Active State: <2 ohms

Output Impedance, Off State: =1 Mnsuhm

Pulss Widih: 0,3 s nominal.

Input Overlond Protection: +50 volts continuous.

Mmhulﬂm #7 volts {includes power lond reversal protection).
BV £ 10% at 25 mA,

T\n_l!p-\lunr 10 1o BEAC,

Accessories Included: BN to alligntor clips, ground clip.

Figure A, 105267 Logic Pulser. The Logic Pulser provides e solution to the
incircuit stimulus problem of TTL and DTL cireuits, Nodes are automatically
prdzed from their current digital state ta the opposite state for 500 ns with the
press of @ finger.



While stimulus-response testing is the mainstay of electronic troubleshooting,
the digital nature of the signals of the circuit being tested allows for an even
faster means of verifying proper component operation. It is component com-
parison testing. By stimulating a known good device with the same signals
ag used to stimulate the deviee under test and comparing the response of the
two components, one can verify thot the device under test is operating properly.
This is exactly what the 105204 LOGIC COMPARATOR docs. For the TTL and
DTL logic families, the COMPARATOR steals the input signals stimulating the
device under test to stimulate simultsnecusly a known good deviee. Any dif-
ference in their response is indicated by an "ON" LED corresponding to the
output which failed the comparisen,

The 105284 LOGIC COMPARATOR has polse stretching circuitry which allows
dynamic, single shot or intermittent errors to be detected and displayed as
well as static errors, Frrors as short ns 200 ns are detected and displayed
ng a1 aec blink on the LED display. This means the most difficult type of
error possible, intermittent filures, will be ensily detacted and displayed.

The COMPARATOR remaves dve blm!en af ene!yﬂng Jom.' complex digital
wignals from the if the signal isa
good “high” or “low™ level and xr that level is correct according to the expected
truth table of the circult being tested. Thus, the LOGIC COMPARATOR
vostly reduces troubleshooting time.  (See Appendix 1T for more details on the
LOGIC COMPARATOR.)

105254 Logic Compaerator.
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COMPARATOR RESPONSE TO ERRORS

SPECIFICATIONS: Logic Comparator
Input Threshold: 1.4V nominal, TTL ar ITL compatihile.
Tout IC Loading: Outputs driving Test IC inputs are loaded by 2 low-power TTL loads
plus input of Referenee IC, Test IC outpiste wre londed by 1 low-power TTL load.
Input Profection: almn‘—l\" or *TV mist be current Bmited to 10 mA.
Supply Voitage: GV ¢ 11,

Supply Prolection: Supply voliage must be limited to TV.
Maximum Currenl Consumption: 300 mA_

Sensltivity: Ercor Sensitivity: 200 ns.  Errors’ greater than this ore detecled and
trvtched tn at loast (11 seeond. Delay Varnton Immunity: 50 ns, Errors shorter
mm. thix valur are comgidered upurions and ignored.

;. With o 50% clock doty cycle, max, froquency is typieally 2.5 MHz,

TllDllIIlu U“C o BB

Dimenslons: 1.4 in. deep, 3376 in. wide, 715 in. long (356 x 8, 55 x 102 cm).
Weight Nﬂ, 21h. fox n 14 I:m,mnpptng. i T, B oz (1,62 kgh
Accessorion Included: | 10 blnnk reference honrdn; 1 curtying case.

Figure Ad,  10529A Logic Comparator, The Logic Comparator uses the test
circuits signals to stimulate a reference IC which is mounted on a reference
card.  The resulting output signals are compared and any differences longer
than 200 ns are displayed on the corresponding LED in the Logic Comparator,
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COMPARATOR RESPONSE TO ERRORS

SPECIFICATIONS: Logie Comparatar

Input Threshold: 1.4V nominal, TTL or I¥TL compatible.

Test IC Loading: Outputs driving Test IC inputs are loaded by 2 low-power TTL Joads
plus input of Reforence IC. Test IC outputs are lvaded by 1 low-power TTL load.

inpat Valtuges <1V ar >7V must he current limited to 10 mA.

Supply Vollage: 5V = 10,

Supply Protection: Supply valmg: mual be limited to 7V,

Maximum Current Consumpdion: 300 mA.

Sensitivity:  Ervor Sensitivity: 200 ns, Errore greater than this are detected and
atretched (o at least 01 gecond. Delay Variation Immunity: 50 ns. Errors shorter
Ihnn this valug are considered spurious and ignored.

ency Range: With a 60% clock duty cvele, mus. frequency ke typleally 0.5 MHz.

Ylmwrdlm' 170 to BEC,

Dimensions: 1.4 in. deep, 3575 in. wide, 7.15 in, leng (3,56 x & 36 x 10,2 em).

Weight: Ned, 2 1. & oz, {1,14 kgk Shipping, 3 1b, 6 oz, (1,62 kg).

Accessories Included: 1 test board; 10 blank reference boards; 1 carrying case.

Figure Ad.  I0528A Logic Comparator. The Logic Comparator uses the test
circuits signals to stimulale o reference IC which is mounted on & reference
card. The resulting output signals are compared and any differences longer
than 200 ns are displayed on the correspanding LED in the Logic Comparator.



APPENDIX Il. WHAT WILL THE 10529A LOGIC
COMPARATOR TEST?

Refore discossing what the COMPARATOR will test, it is important to under-
stand how it works. Through a reference board, the inputs of a reference IC
are connected to the inputs of the test 10 (Point A in Figure Ad), thos the
reference 1C 8 exervised by the same signals that stimulate the test 1C. The
outputs of the reference and test IC are compared (Point B in Figure A4) and any
differences greater than 200 neee in duration signal a failure. Also the refer-
ence IC and the COMPARATOR are powered by the circuit under test through
the reference board. Thus, the LOGIC COMPARATOR observes simultaneously
all putpuis of the test IC and determines the validity of these signals hased
both upon proper voltage levels and proper truth table response to the input
signals.

An important consideration in osing the LOGIC COMPARATOR is circuit
leading. The loading considerations can be divided into two parts. The first is
the type of load the COMPARATOR presents to the outputs of the IC o which
the COMPARATOR is attached and the second is the load presented to the
inputs, Thes loads are summarized in Table Al

Table Al, Comparator Loading Chart

IC UNDER TEST ADDITIONAL LOAD TO THE IC UNDER TEST'S
TYPE INPUTS AND DUE TO
COMPARATOR AND REFERENCE IC
INPUTS OUTPUTS
DTL 1.2 DTL loads 1 DTL load
T400 Seriea TTL 1.2 7400 Series .1 7400 Seriea Tond
loads
Low Power TTL & low power loads 1 low power loud
(TALOG Series)
High Speed/Schottky 1.5 7400 Series .1 7400 Series load
TTL Ioaids or or
(74HD0 or 74800 Series) | 1.2 high speed/ 1 high speed/
Sehottky loads Sehottky loads
NOTE: 1 low power load = .1 7400 Series load,

The LOGIC COMPARATOR presents a different lond to inputs than outputs.
Table Al describes in terms of fan oot loads the affect of the COMPARATOR

on both inputs and outputs.
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Under moat cundltwlls. this additional loading will not affect the circuit

i Ome major ion is when analog components, guch as R's, Us,
or transistors are used to contrel circuil timing or to buffer signals (see Fig-
ure AB). Sinee the COMPARATOR loads these circuits us described above, the
timing or drive capability of the circuit may be affected. This loading should
be considered when testing these circuits,

e
=
=

Figure A5 The "Open Collector” Problem. When goates are connected in the
“wired-OR" arrengement, the eptpul of one IC can conatrain the eufputs of
the other IC's to be in o state other than that defined by the gates truth table
and input states.

One problem faced by all bleshooti ion is what is fondly
enlled the “open-collector evil.” In the rsnmly of TTL IC'a there is a sub-family
called “open-collector™ gates.  These are ciecoits whose outputs ean be tied
togather (sometimes called “wire-ORed" or “wire ANI'} such that one circuit's
output ean constrain the other circuits’ outputs to be in a given state regardless
of their inputs, For example, gotes A, B, and C are “wireORed" together,
Under certain conditions gate A's output can cause gates B's and C's outputs to
he @ TTL low regardlesa of their In]:lll state. Thus from a truth table point of
view the gates B and C are ined to operate i Iy

This then is the “open-collector evil” Because the COMPARATOR tests for
output states aceording to the truth table of the test IC, a fault will be indicated
when the output is constrained as described above. Using conventional instru-
mentation such as voltmeters and oscilloscopes does not solve this problem
either. When a problem is thought to be caused by “open collector” gates, the
usunl solution is to replace the gates one at o time until the problem is solved
or to unselder the outputs and to test the IC's individually, The COMPARATOR
ean be used if this last technique is followed,



Figure AR, Analog components used fo control circuit timing or to buffer signals
may te loaded by the Logie Comparator. Care showld be taken in testing these
eircuits.



The class of integrated circuits known as sequential integrated circuits pre-
sents today’s troubleshooters with many difficult problems, 10's soch as mem-
ories, shift registers, and flip-flops whose present outputs depend on previous
inputs ave called sequential IC's, Testing these devices with conventional tools

tequires the ohservation and study of the relationship of several i . In
s0mo cAses theﬂ mwe.l'm‘ms are long and complex and verification of proper
IC operation is p ible. The 105294 LOGIC COMPARATOR,

when used ptnpe'rbl‘ pn.v:des n very efficient and simple solution to trouble
shooting these 107,

Since the operation of a flipflop or other sequentinl device depends upon the
previous input to that device, and since the referenice deviee will not in general
have had the same “price’ set of inputs as the device being tested, it is necea-
sary to “reset” the devices before comparing. This ean be done by first clipping
the COMPARATOR to the dovice to be tested and causing a reset signal to be
supplied by either the circuit to be tested or the 10526T LOGIC PULSER. The
PULSER can be used to inject n reset pulse into the 1C°s reset input. This then
ensures that both devices start in the same state and will react the same to the
sequence of input signals they receive. The COMPARATOR will now flip and
not flop when the flipflop flips. 17 the test IC ia good, the outpul states of the
reforence and test IC will always agree and the COMPARATOR will not indicate
a fault. In some cases the reset lines are connected directly to Vee or ground
and are thus not pulseable. In this case turning power off and back on some-
times brings both the test IC and the reference 10 up to the same state.

With memories and shift registers, the problem is quite similar as stated above,
But instead of supplying & reset pulse to the circuit to bring them to a known
state, the COMPARATOR must merely be ntiached to the test [C long enough for
the roference IC to be loaded with the same datn as the test 1C. This should
require no longer than 1 complete cycle of the memory or shift register.
During the time the reference IC ia being loaded with the data, the COMPARA-
TOR will give fault indications. If after n few cycle times the faolt is still
indicated, a fault has indeed ocourred at the node indicated,

The 105204 LOGIC COMPARATOR provides rapid, incireuit tosting of TTL inte-
grated circuits, While the vast majority of these devices are easily testable
with the COMPARATOR, some devices require special consideration and some
are not testable. Table A2 is meant to be n quick reference to help the digital
troubleshooter decide upon the bility of & given in the 54/7400
series TTL family. (The G400 and 7400 numbers are often used to refer to the
set of devices with o 54 or 74 prefix.) This is not meant to be an exhaustive lst
of TTL or even 54/7400 devices, but rather a quick reference for the most
widely used devices.

As a general summary of the LOGIC COMPARATOR's capabilities, Table A3
describes applicability of the COMPARATOR to general digital devices. While
the 106204 LOGIC COMPARATOR is not a total solution, as indeed no gingle
instrument is, it is the most 1 digital troublest tonl ilahl
in a world that is rapidly ehmmng from analog to digital electronics,




Table AZ. 54/7400 Testability Chare*

54/7400 TESTABILITY CHART®
T = TESTABLE; OT = OFTEN TESTABLE; NT = NOT TESTABLE

T joT[Nr[NoTE Tot[NT[NOTE E NOTE
T | X 45 X a
$61 X |} 446 X &
Wiz X 44T Xl =
403 X 1 8
404 | X 440
5 X 1 450 X| = 1
A6 x 1 T451 (X &
T X 1 482 x| & 3
w0 X T X 2 B
(X T454 X 8
410 |X 455 X | [}
411 X H60 X| 2 B [
412 X 1 4l X 2 4 ]
415 | K 4B K] 8 3
415 X 1 W (X 3 1
416 X 1 46T X I
41T X 1 T X 3
420 (X 471 X 3
421 1% 472 1% a3
428 X 1 4T N o
423 X 2 4T X 4
425 (X 478 (X 4 8
43 x|z [ate|x 3 F
407 X T % 1 L3
43 X s (X 3 )
432 X X [}
{5 481 | X [}
435 X 1 482 | X 8
a0 (X 483 | X -4
43 (X 484 (X 6
3 | X 485 | X L]
4 | X 486 | X
1. Qpen eollector device, Testahle when nat “wirear'ed” (ie., .mml mmwh wlml tagether]
2. Dewicit with :ma\m dilde ingeul o autpul signals expanter ar expandable g i drivers).
3 K flig-fop—IF = Higth or low, then reference 16 and 16 e s may B ot ..[ phiase. Pulse

st or clenr or mudmmly il
4D Ian " ]nll.-h l:p Hopprisents na troohle.
5. B
&AM, ﬂ"ﬂ mu*'ﬂﬂmlpnnlur st be attached bing eoomgh foreeferones 10 and 10 imder test to
b Banncleed with s

g \ffnm:lnhl’l‘—‘lmllh timing may be affected,
B, Counters—the reference 16 and the 16 under fest often need S b wynchirondeed, Pidse set or clear

ingat,

if

st b D exbsamine Bl i TYL o even 38,7400 drvices, tut tnther 3 itk iefirescs for the st widely
v




Table A3, Comparatoer Capabilities Chart

(16 or Less Pin Dualin-Line DTL, TTL)

Combinatorial Logic E "This aleo includes expandable IC's.
(AND, NANT), This eategory includes the vast majority of
XOR, ste. 1% in use.

Sequential Logic Eacellent. Heference and test 10 must be

(Flip-Flops) synchronized by n pulse on the “Reset” input.

Memories, Shift Exeallent. Clip must be attached long’

Registors {for reference and teat IC to contain the same
information,

Low Power TTL Good.  The Comparator is an in load of 5
for the driving device.

One-shits Usually good. Since reference and test IC
share the RC timing compenents, circuit
timing will be affected,

Open collector and Usually poor. When outputs are hussed

Tri-atate Logic together a good gate is constrained to operate
improperly and this will be indicated by the
Comparator.

Fxpanders, Analog No. Their outputs are analog and cannot be

ond Lingar 1C% testud by the Comparator.

MOS Devices Mo. They require different power supplies

exeveding the TV input limit and will
damage the Comparator.
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