TEMPTED TO BUY THAT GRAB BAG LOAD-
ed with unidentified IC’s? Go ahead—
those IC’s have a signature that will tell
you what pins are probably outputs.
From there on it’s easy-—a few voltage
measurements, some current measure-
ments, and you should know what
you’ve got. You should e¥en be able to
determine if the device is defective. So
grab your trusty ohmmeter and get
ready to record your first IC signature.

An IC signature is an array of resist-
ance readings derived from the IC and
displayed in an organized way. The
x 100 range of an ohmmeter is used.
(Be sure you know which ohmmeter
lead is positive; some ohmmeters change
polarity when switching from volts to
ohms.)

The signature is obtained by record-
ing the resistances between all terminal
pairs of the IC. Use the form shown in
Fig. 1. Connect the chmmeter’s positive
lead to pin 1, and move the negative lead
sequentially through the remaining pins.
Record the measured resistances across
the top row of the signature chart. A
resistance measurement of over several

hundred thousand ohms does not con-
vey very much useful information, so
there 1s no need to record it—put a dash
through the box instead.

Move the positive lead to pin 2 and fill
in the second row of the chart by moving
the negative lead to pin 1, 3, 4, ..., etc.
Continue in the same manner until
every row of the signature chart is com-
pleted. If this is done properly, you
should have as many rows in your chart
as there are pins on the IC.

The steps that follow show how to use
the completed signature to identify your
IC.

Step 1: Examine the chart and circle
each terminal-to-terminal resistor—you
can tell which ones those are because
each purely resistive connection be-
tween two terminals reads approximate-
ly the same in both directions.

For example: In Fig. 2 there are 12
circled boxes, 6 above the diagonal and
6 below. The circled number in Row 5,
Column 3 has its mirror image on the
opposite side of the diagonal in Row 3,
Column 5. The resistance is 7K ohms in
both directions and it is therefore a ter-

minal-to-terminal resistance. That is
noted to the right of the chart (Fig. 2),
along with the other resistance values
and identified as step one. The remain-
ing terminal pairs show grossly different
resistance measurements in opposite
directions, indicating the presence of
one or possibly several semiconductor
junctions in the path,

It is highly unlikely that a TTL IC, or
for that matter any linear IC, would
contain 6 identically valued terminal-to-
terminal resistances. (Maybe the IC is
RTL or DTL?)

Step 2: Disregard all circled boxes and
scan the signature to locate the row with
the lowest resistance readings—Row 4
in this case. That uniquely identifies pin
4 as the substrate connection of the IC
or, in other words, the most negative
terminal of the IC.

Scan across Row 4 for the lowest un-
circled reading—in this case it is the
750-ohms reading in Column 11. That
tells us that pin 11 is the V. terminal of
the IC. Record those numbers in the
place provided at the right of the
chart—Step 2, Fig. 2.
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FIG. 1—THIS FORM Is used to record all re-
sistances between ierminalfpairs of the un-
known IC.

The other uncircled low-resistance
readings in the ground row usually iden-
tify transistor collectors; i.e., output
terminals. That is an important clue to
be used later.

Step 3: Before proceeding to the iden-
tification of other terminals we measure
Ioc. Apply a low voltage, say 3.6 volis
(RTL supply voltage), to the IC through
a 100 mA milliammeter. The positive
voltage goes to the V - terminal (in this
case pin 11) and the return connects to
the IC substrate (in this case pin 4).

To protect the JC and the equipment,
place a 120-ohm resistor in series with
the current meter. A dead short in the IC
will only draw 30 milliamps. Remove the
resistor and re-connect the current me-
ter only when it is clearly safe to do so.
Most standard TTL gates draw between
2 to 4 mA. Thus, a quad NAND or NOR
would draw 12 to 15 mA. In the case at
hand, there was no current flow at all.
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FIG. 2—COMPLETED SIGNATURE CHART for the unknown IC. It tumed out to be an Guad, 2-input

NOR gate.

—

DTL or TTL would have shown some
current—so again the evidence suggests
RTL.

A third clue: If there is a normal cur-
rent flow, raise the voltage to 5 voits,
measure, and record .. in the space
provided at the right of the signature
chart.

Step 4: Remove the milliammeter and
apply the selected voltage directly bet-
ween the V¢ and ground pins. Measure
volts-to-ground, mA-to-V . (through a
330-ohm resistor) and mA-to-ground for
each pin of the IC. Record the measured
values in the rows at the bottom of the
signature chart.

The “‘volts-to-ground” row generally
identifies all inputs and outputs. Volt-
ages from about 2.2 volts up to the ap-
plied voltage indicate outputs in the high
state (for a logic chip). Thus, pins 3, 5, 8,
and 14 are likely candidates for output
terminals. (You will recall in step 2 that
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FIG. 3—SIGNATURE CHART for a TTL 7400 IC. All but a few TTL IC's have this typical two row

signature.

those are the same terminals that were
suggested as outputs by their low read-
ings in Row 4.)

A voltage less than 0.2, but greater
than zero, usually indicates logic out-
puts in the low state. None of those
appear in Fig_ 2.

Now is the time to remove and reap-
ply power to the IC. Do that several
times, each time comparing the voltage
at each suspected output to its original
recorded value. Often a flip-flop will re-
veal itself by changing the state of one or
more of its outputs. A simple gate will
never change state in response to that
little trick. The IC in Fig. 2 did not
change state so I assumed it was not a
flip-flop.

Voltages from about 1.8 down to 0.8
usually indicate TTL or DTL inputs.
The fact that there are no such voltages
in the “‘*volts-to-ground’’ row of Fig. 2
was certainly a surprise to me, but it did
lead to a pretty solid conclusion: If the
IC is not defective, then it is not TTL or
DTL.

Currents in the low state should read
10 to 20 mA when measured between
the output and V . Currents in the high
state can read anywhere from 2 to 30 mA
when measured between the output and
ground if the IC is TTL. As an example
of a typical TTL signature, Fig. 3
shows the signature chart for a 7400
TTLIC.

Input currents for RTL, DTL and
TTL fall between 0.8 mA and 2.0 mA. In
Fig. 2 all the probable inputs draw 1.4
mA referenced to V. and nothing
referenced to ground. That verifies that
they are inputs and shows they are ac-
tive (draw current) when the input is
pulled high. RTL. is active-high. DTL
and TTL are active-low. Since their ap-
pear to be twice as many inputs as out-
puts, the chart suggests that our ICis a
quad gate of some sort. It is reasonable
to conclude that pins 1, 2,6, 7,9, 10, 12
and 13 are inputs.

The bottom row of the chart shows
the outputs provide only 1 mA to ground
despite the fact that the voltage mea-

sured at those terminals is 3.6. That sug-
gests an internal pull-up resistor con-
nected to the output terminal (see Fig.
4). If that is so, and the device is a quad
gate (which seems very likely), there
should be four identical resistors to
Vee—one from each output. And that
implies we should read twice the pull-up
resistor value between any two outputs,
In that case, the circled 7K values in the
signature point to 3.5K pull-ups in each
output, With a Ve of 3.6 volts applied,
grounding any output through the cur-
rent meter should cause a current flow
of just about 1 mA. And that’s what we
got! List the outputs and inputs on the
signature chart.

Step S: The symmetnca.l pattern of
resistances in the signature and the
strong evidence for four independent
outputs with logic-level voltages pretty
much rules out any lingar IC. Resistive
pull-ups could be DTL, but DTL inputs
are active-fow and our IC is active-high.
After reviewing all the evidence I felt
there was absolutely no doubt that this
device was RTL. That conclusion was
recorded in Fig. 2.

Step 6: We now manipulate the inputs
and observe the output responses to de-
termine what kind of logic device we
have.

With V¢ applied, we connect a volt-
meter from ground to a terminal thought
to be an output. Ground the inputs one
at a time, noting the change, if any, in
the metered output. If that ocutput does
not change state for any grounded input,
repeat the procedure, this time connect-
ing one input at a time to V. instead of
ground. In this example it happened that
pin 3 went low when either pin 1 or pin 2
was pulled high (to V). None of the
other outputs responded to changes in
pin 1 or pin 2. This indicates that pins 1
and 2 are inputs to one gate whose out-
put appears on pin 3. That procedure is
continued until all inputs and outputs
are related in some way. Truth tables
can be consulted to identify the gates.
This device turned out to be a quad,
2-input NOR gate.

The relationships between the inputs
and outputs and the conclusion as to
the type of device I was dealing with
are listed in Fig. 2 as step 6.

Had the device not responded at all to
any of the“above techniques, [ would
have tried exercising two, or even three,
inputs at a time and I would have begun
to search for a possible “‘enable’” or “in-
hibit™ input. The more complicated de-
vices require a little ingenuity and some
intelligent guesswork.

Step 7: Use the results of step 6 to
draw the schematic of the IC. At that
point the device could be used in the
average hobby project without needing
to know anymore about it. But, if you
feel compelled to assign a number to
your IC, its time to consult the IC data
books. That’'s what Idid.

Step 8: It took quite a while to locate a
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FIG. 6—PIN-OUT for the 741 IC is shown in this schematic diagram. There are 1K resistors between
each offset-null terminal and —V.

Motorola IC book containing RTL data
sheets. The electronics department at
the local college was good enough to let
me look through their copy. If you need
that kind of assistance, let me urge that
you make the local college your first
stop. I wish I had—it would have saved
a lot of time.

The Motorola book had 256 pages
of RTL data—whew! Fortunately the
plastic-case style of my IC eliminated
two of the three RTL sections. The in-
dex of the remaining section listed only
two IC’s that were quad 2-input NOR
gates. The collector pull-up resistors of
the first IC type were nominally 640
ohms. The collector resistors in the
second IC type were nominally 3.6K.
Bingo! (We guessed 3.5K in step 4--not
bad!).

The device is without a doubt an MC
717P{817P and all the information on
that data sheet applies to this IC. I am
unable to differentiate further between
the 717P and its higher-performance
counterpart the 817P. Since the safer
move is to assume that the more re-
stricted temperature range applies, 1
declared the device to be a Motorola
RTL IC, type MC717P,

Those techniques work on linear de-
vices as well as digitals,

For example: A signature of an 8-pin
DIP 741 op-amp is shown in Fig. 5.
Note that the low-resistance row still
identifies the substrate, —V, for an op-
amp, and also that the lowest reading in
that row identifies +V, The only other
uncircled reading in row 4 is 950 ohms in
column 6, identifying pin 6 as the output
terminal.

Figure 6 shows the 741 schematic
with the 8-pin DIP pin-out. Note the
nominal 1K resistors from each offset-
null terminal to —V. The circled resist-
ances in Fig. 5 illustrate some interest-
ing facts about IC resistors: They do not
always read the same in both direc-
tions—750 ohms one way, 850 ohms the
other {pins 1 and 4, and 5 and 4}, and they
may deviate quite a bit from nominal
(1K). Nevertheless the offset-null-ter-
minals are clearly identified.

The op-amp inputs are almost impos-
sible to identify from a signature, but the
information already obtained is enough
to identify the IC in the data books.

I highly recommend that all those in-
terested in identifying IC’s read Olson
and Zevnik’s excellent article in the
January 1980 issue of Radio-Electronics,
“‘How to Identify Unmarked IC’s.”” The
article is filled with useful suggestions
for getting advance information from
the PC board.

The smart tinkerer uses all the clues
he can get. But when there aren’t any
advance clues—when there is no PC
board—when there are no marking to
go by—then the only alternative is the
IC signature. R-E
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