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Chapter 1
Introduction/Background

In the 1970’s and 80’s, many digital devices wagsigned using a number of 14, 16, 20, or perhdps 2
pin logic chips. These chips were mostly 74LS aybe 74S series chips, although 74HC CMOS chipe wer
also used in some designs. Metal gate CMOS, sutiea74C or 4000 series logic chips were used \ufgin
speed was not required. These chips could opiomel2V supplies, which was convenient for certain
designs. While most designs today are implemersedjichips featuring larger pin counts and moretions
in one package, some hobbyist designs may stilsase of these simpler chips. Also, people invablivethe
repair of older devices may want some way to tesfunction of this kind of chip.

The goal of this project was to provide a simfdj-cost logic IC tester that would be flexible eigh
to test many different chips. (Sort of the modeguivalent of the “tube tester” that used to bbardware
stores and other establishments) | decided t@ (&€ terminal emulator as the input/output deviwécrease
the amount of information that could be display@shalog measurement and display of pin voltagemseea
good way to detect pins that may be partially sitbdue to ESD damage, but might still pass a ‘aigiype of
test. Displaying pin voltages also allows the dsénterpret the data for him or herself. Therent drawn by
the chip in idle state is measured using the grdead, and provides additional information abaosicibndition.
This also makes it easy to see roughly how mudit starrent different chip types draw.

There are many tests that could be used to eedbthatracterize an IC. Input current or voltage
thresholds for high and low states could be medsuBtput voltage level while sourcing or sinksypgcific
amounts of current could also be measured. Prépagielay from input or clock to output could beasured.
While it is possible to design circuitry to measaleof these parameters (and more), one assumgtitiris
project is that many non-working chips exhibit gréilures involving input or output pins, whichncle
detected with a few simple tests. Of course,tiay not always be the case.



Chapter 2
Setup

The logic chip tester was designed for use withegia stand-alone terminal, or a terminal emutatio
program such as TeraTerm or HyperTerm running BE€ @r Mac. Some chips require many columns af dat
display, so being able to select a smaller font owaye in handy to prevent the display from wrapping

Serial settings are 8 data bits, no parity, astbp bit. No hardware handshaking is needed, or
provided, so it should be disabled at the termi@lénd.

My code uses “ANSI escape sequences” to inverthiaeacters on the screen to white on black when
displaying errors. The terminal should supporséhfor correct display. For many terminal prograsedecting
VT100 mode will insure that ANSI sequences are lehdroperly. If you see a lot of “OM™s on youcreen,
it's not set to a mode that supports ANSI escapeeseces.

The chip tester automatically detects the bawal rafter connecting the unit to a terminal (oeeninal
emulator), power up the unit. Next hit Enter oa terminal to send a carriage return. The testes this to
detect the baud rate and sets its rate to matappdted rates are 300, 600, 1200, 2400, 4800,,26@D19.2K
baud. After the tester has set its baud rateillisend the sign-on message:

Chip Tester (c) Tauntek, R. Grieb V@.54 January 12, 2012
Slave code version is: A2
Enter chip number to start

>

If you don’t see something similar to this afteegsing Enter, power down the tester and try ag&inte: The
sw version and date may change in the future if nec



Chapter 3
Overview of Operation

Once the unit is powered up, and the sign-on ptasngisplayed, you can enter the part number of a
chip to test. Any letter can be entered in eiti@er or lower case. Any of these is a validyentr

IsO0[Enter]
74LS00[Enter]
7400[Enter]
74hc00[Enter]
HCOO[Enter]
SOO[Enter]
74S00[Enter]

also:

4024[Enter]
4001[Enter]
40161[Enter]

etc.

Once you have entered a part number, hit Enthe uhit will tell you if it found that part in its
database:

> 1s174

Found LS174 in our database

| have tried to support the most common chipstiberte are too many to include them all. If the =
supported, insert the chip in the test socketdeStidown as far as it will go in the socket, avifayn the lever.
Pin one of the chip should be closest to the le¥dirchips should be placed this way, regardldshie number
of pins. Finally, lower the lever to press thekaicontacts against the pins of the chip.



Next hit T or t, and Enter, to test the chip:

>t

Vss pin current with only pulldowns enabled is ~10.7 mA
Checking inputs for shorts or leakage...

Input levels look OK with voltage dividers applied
Checking input connections...

Input levels look OK with pulldowns applied

Logic test:

Testing thresholds: VOHmin >= 3.30, VOLmax < 0.35

Inputs: Clks: Outputs:

3 4 611 13 14 1 9 2 5 7 10 12 15
1 H L HL H L H P H/3.51 L/@.22 H/3.51 L/@0.21 H/3.51 L/0.21
2 L HL HLHH P L/6.21 H/3.51 L/©.21 H/3.50 L/0.21 H/3.51
3 HHHHHHH P H/3.52 H/3.52 H/3.51 H/3.52 H/3.52 H/3.52
4 H HHHHHL I L/6.24 L/@0.24 L/0.24 L/0.23 L/0.23 L/0.23

Tests passed, chip looks OK

>

The current in the ground pin of the chip, withygoulldown resistors applied, is displayed filstd
can be used for comparison with other chips oftrae type. The tester does not check the curtesimply
displays it. For CMOS chips, this current will tlese to zero.

The unit will next apply resistor voltage dividéosall inputs and outputs (more on this later) et
check the voltages on inputs. In general, thetiphiould be at roughly 2.5V due to the voltagédairns. Any
input that is not close to this value will be retedr This test can reveal inputs that are eitbakyl or shorted to
one of the supply rails. Performing the input fest helps to prevent damage to the tester, keseps the tester
from trying to drive an input that is shorted to@gnd or 5V. If the input test passed, and a bipmdat is being
tested, a second input test will be performed witly pulldowns applied. This can detect pins tratnot
making a good connection to the ZIF socket. Rdgasdf the results of this test, a logic test thi#n be
performed by applying a series of “test vectorsth® chip’s inputs and checking against expectsplaeses on
the output pins. Test vectors consist of spebifih or low values on input and possibly bi-dirgiand can
also include single or multiple clock pulses faralled parts. The vectors also include the expemtgulit pin
logic levels. Inputs of the chip under test aiigadr with CMOS signal levels, which are close to&@wl 5V.
The voltage levels on output pins are measuredyusito D converters, and compared against threshold
decide if they are high, low, or floating. Pin noens are displayed at the top of the logic tesiltes Test
vector number, applied input levels, expected digfates (H igh, L ow, F loat, or X (don’t caredameasured
output voltages are also displayed for each ved@bock inputs are shown as either |, (inactivejd@sitive
pulse) or N (negative pulse). Any output thatdsin the expected state on a particular vectdrhaiVe its
measured voltage highlighted on the terminal wihan vector is displayed. Some chips can be tegitbdust
a few vectors, while others require more. At thd ef the test, an overall pass/fail result willdigplayed.



Here is how the output from several bad chips looks
> 74hc27
Found 74HC27 in our database
>t
Vss pin current with only pulldowns enabled is ~0.0 mA
Checking inputs for shorts or leakage...
Input levels look OK with voltage dividers applied
Logic test:
Testing thresholds: VOHmin >= 4.89, VOLmax < 0.10
Inputs: Outputs:

1 213

w
I

511 106 9 12 6 8

H/4.95 H/4.95 H/4.95
L/0.02 L/4.95 L/0.02
L/6.02 L/0.02 L/0.02
L/@.02 L/@.02 L/0.02
L/6.02 L/0.02 L/0.02

uh wnNnER
IIrr—Ir
IrrITrr
T ITrrr
Irrr— Ir
IrITrr
I ITrrr—
Irr— Ir
I Irr
I ITrrr—

Tests failed

Note: On the terminal screen, the underlined bad would be inverse (white on black).
> 1s32

Found LS32 in our database

>t

Vss pin current with only pulldowns enabled is ~2.4 mA

Checking inputs for shorts or leakage...

Input pin 10 looks too low: 1.00

Input pin 12 looks too low: ©.03

Tests failed

>V

Displaying pin voltages with voltage dividers applied

1 2.42 14 4.99
2 2.42 13 2.41
3 3.54 12 0.03
4 2.42 11 3.54
5 2.41 10 1.02
6 3.54 9 2.41
7 0.01 8 3.54



Chapter 4
The V Command

Another supported operation is displaying theagdton every pin of the device. HitV or v, themdg,
to perform this operation. Voltage dividers arelagal, which will tend to drive high levels into TTchips, but
may be interpreted as either a high (1) or lowb@CMOS chips. This test can show inputs thasshmted, or
outputs that are not in either a valid high or diddiw state:

> hc154
Found HC154 in our database
>V

Displaying pin voltages with voltage dividers applied

1 ---- 24 ----
2 ---- 23 ----
3 4.94 22 ----
4 4.94 21 2.55
5 4.94 20 2.55
6 4.93 19 2.55
7 4.93 18 2.55
8 4.93 17 4.93
9 4.94 16 4.93
106 4.93 15 4.93
11 4.93 14 4.93
12 0.02 13  4.94

Note that in the above example, the voltage on sunwis not displayed. This is because there are
only a total of 20 ADC inputs available, 10 in e@®liC chip. One channel is used to measure VS@®mi,iso
19 pins can have their voltage measured. Sindestezmough for most of the chips | wanted to suppo
decided not to add an analog mux chip, to keeplélséggn simpler. As you can see, the pins thatiaatog
inputs are at the non-lever end of the ZIF sockéns that are not ADC inputs to the PIC chipscdaireen in the
same manner as the other pins, but can only beumezhand displayed as either high or low.

Here is another example of output from the V comina
> 4069
Found 4069 in our database
> v

Displaying pin voltages with voltage dividers applied

1 2.44 14 4.99
2 2.86 13 2.42
3 2.43 12 3.09
4 2.62 11 2.43
5 2.42 10 2.77
6 3.03 9 2.42
7 0.01 8 2.85



Note that it is difficult to tell the outputs frothe inputs using the displayed voltages. Thhesause
this particular part has low gain from input topuittand since the inputs are being held at abo@/XZ®y the
voltage dividers, the outputs are also at interatedievels. Closer examination reveals that the fhiat are not
quite at VCC/2 are 2, 4, 6, 8, 10, and 12. (phaesgower pins) These are the output pins. Penfgria logic

test on this same chip confirms that it is workimogmally:

>t

Vss pin current with only pulldowns enabled is ~0.0 mA
Checking inputs for shorts or leakage...

Input levels look OK with voltage dividers applied
Logic test:

Testing thresholds: VOHmin >= 4.34, VOLmax < 0.35

Inputs: Outputs:

1 3 5 911 13 2 4 6 8 10
1 L L L L L L H/4.68 H/4.66 H/4.68 H/4.68 H/4.69
2 HHHUHHH L/6.15 L/e.15 L/e.15 L/e.15 L/e.15

Tests passed, chip looks OK

>

12

H/4.71
L/0.15



Chapter 5
The D command

The D command also displays pin voltages, likelmmmand, but in this case only the pulldown
resistors are enabled. In general, TTL inputs mall be at ground with just a pulldown resistorlegubas the
input circuitry pulls up on the pin. Most of thkigs | tested have between 0.8 and 1.7 volts oumtsnyith just
the pulldown resistor connected. The purposeisfabmmand was to detect input pins that are edpen-
circuited due to chip damage, or (more likely) matking a good connection to the ZIF socket duetoes
crud or oxidation on the pin. | had several chilgs this, which tested bad until | used an Exaotscrape the
pins clean. With the D command, input pins thatrast making a good connection should show a veltdg
around 0.1-0.15 volts. Note that output pins digviow will also show voltages in this area, s tieist only
applies to input pins, and only for bipolar TTL samot CMOS chips.



Chapter 6
Leakage/Drive Measurement Approach
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Figure 6.1

Figure 4.1 shows the voltage divider network thatpplied to inputs and outputs during chip tegtin
This same network is applied to all pins of 14, did 20 pin devices. (Some pins on larger chipsocdy be
tested in a digital fashion without the resistoniditr.) The diodes allow the resistors to effesliy be removed
from the circuit by reverse-biasing them. This baraccomplished by bringing the PULLDNb signabtband
the PULLUP signal to ground. In this case, theld®are reverse-biased and the resistors areiedlgct
removed. A simpler aproach to testing logic chijpsild be to just use digital inputs to sense whettey are
in a high or low state. | wanted a way to detapuis that might have leakage to ground or 5V, ubputs that
may not have the normal voltage swing. Since modgcrocontrollers can drive digital logic levelssense
analog voltages on the same pin, testing digitgdscim an analog fashion is possible with no egtreuitry
except some resistors and diodes.

When the voltage divider is applied to an input, phe expected voltage is approximately 5.0V/2 or
2.5V. Un-driven inputs are compared to this leard flagged if they are too far off.

When the voltage divider is applied to an outpat fgitends to pull the output towards 2.5V, whigiti
have more or less effect depending on the logidlyaneing tested. For instance, a 74HCOO0 chip héle a
higher “1” level under these conditions than a 7@CbBip, as it has more output drive. When you reatehip
number, the family (LS, HC, etc) is used to setifferent output voltage thresholds for testing tleeice. So
if you enter 74HCOO0 , the minimum passing “1” vgktdevel would be higher than for a 74C00. Thegholds
used during the logic test are displayed beforaghtis run.

During logic testing of open-collector or openidraehips, PULLDND is at 5V, removing the pulldown
resistors. The pullup resistors are still applied.



Chapter 7
Supported Power Pin Combinations

While many small-scale-integration logic IC’s ilFDpackages use two corner pins for power and
ground, not all of them do. The tester has cirgui apply 5V and Ground to specific pairs of pifithe
following eight combinations are supported:

Number of IC Pins Ground Pin +5V Pin

32 16 32

14 7 14

16 8 16

20 10 20

24 12 24

28 14 28

16 8 1 (CD4049, CD4050)
14 10 5 (7490,7493)

Chips that use other configurations for their popias are not supported.

NPN and PNP transistors are used to apply 5V amahg to the selected pins, under control of the
microcontrollers. The transistors used were chésetheir low collector-to-emittor voltage drop QEsat).



Chapter 8
Chip Families

Many supported devices exist in either 7400, 74145JC, 74HCT, or 74C versions. The chip database
contains a flag for each family to indicate whettiés part exists in that family. | realized eanly that insuring
the correctness of this data would be time-consgmiso, it's not clear that this is really necags When
you enter a part number, the family is determimedhfthe number entered, and this is used to s#fleatoltage
thresholds for the output pins during the logic.tékhe family does not affect anything other tiiaa logic
thresholds, so if you enter a non-existent padhss an HCT266, (assuming that part does nof)gttist same
test patterns will be used, so there’s little dades The flags still exist in the database, bave tried to err
on the side of assuming parts exist, to avoid ldiséhg a valid combination. In the event that yimisee a
message something like “I found this part, butindghis family”, you can enter the part number idifferent
way to move the part to a different family and iesihyway, possibly with different output threstisl

One benefit of the family membership flags is tivat sw can differentiate between chips that have a
different pinout in different families. Two exanagl of this are 74S51 vs 74LS51 and 74C86 vs 74HC86.
Luckily, for most chips the pinout is the sameddferent families.



Chapter 9
Design Overview

The chip tester uses two Microchip PIC18LF2420radontroller chips. One chip communicates with
the PC, contains all of the information about thigs that we can test, and also drives and meakaltisf the
pins on the device under test. The other chipedrand measures the rest of the pins, under carftiiog first
chip. The two chips communicate using an SPI kietiarface.

A one ohm series resistor is used to measureuthert in the ground pin of the device under tdsdte
voltage developed across this resistor is amplifigdn operational ampilifer, and then fed intoA®T input
of a PIC chip. The one ohm value was chosen tinnize the voltage drop across the resistor, diice
reduces (slightly) the voltage applied to the dewinder test.



