FLOYD L. OATS

Use your computer to test digital IC's and eliminate your troubleshooting guessworkl!

HOW DO YOU TEST (C'S?IF YOU RE A DiGl-
12l enthusiast on a light budget, then you
probably go about it the low-cost way: You
set up your breadboand, a handful of jumn-
pers. a power supply, and a meusuring
instrument such as a logic probe or us-
citloscope. Manual operation of such a
crude setup can quickly become te-
diovus—especially when the circuit being
tested has multiple edge-sensitive inputs.

There's a bigger problem with such a
setup, hewever: Since you must perform
the tests one gale at a time or one latch at a
time, you can expect to find only the nost
obvious failures. The more subtle types of
failures—such as inleraction between
separate Circuits within the same pack-
age—are best found by some kind of auto-
mizted tester.

If you have a computcr. vou can casily
build an automated tester for digital [C's.
The tester we'll describe permits automat-
ic testing of digital integraled circuits with
up to sixteen pins. The host may be an
cight-bit or a sixtcen-bit microcomputer

and can have cither scparate input and
output data busses or u bi-directional data
bus. While the author's prototype was
built as a tester for TTL 1C’s, the princi-
ples that we'll discuss appty cqually well
10 other popubar logic fumilics,

Although the tester we'll describe was
designed for use with an 5-100 system,
you should be ablc to adapt the eircuil for
virtually any computer. We should note
here that using the tester will require some
programming proficiency. While the arti-
cle will describe what the software has to
do. acwal program instructions are not
included.

Figure  shows the basic ideabehind the
IC testing scheme. A host computer is
used as a stimulus generaror: 1 sends data
patterns, called siinuli, to the circuit un-
der test. Each stimulus is sixteen bits
wide-—aone bit is assigned to each pin of
the test circuit, After the stimulus is seat,
the host will accept a responsc (also six-
teen bits wide) from the circuit under test
and will perform an analysis of that re-
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sponse. Response analysis begins with a
coinparison between the actual response
and sonw known expected response. If
they arc equal, the host continues with the
next stimulus. Whal happens if they're not
equal depends on the software that is used
by the host system.

Stimulus generation

How do we detertnine the set of stimuli
that we want the host system to gencrate?
We must ensure that the set of stimuli fora
given fype of integraled circuit is both
valid and complete. At first glance. you
might think that 4 set of stimuli that pre-
senls every possible bit combination 1o the
input pins of the circuit under test would
mect those requirements. Those stimuli
could be created very casily simply by
causing the host to “count through™ the
input pins. Consider the simple hex inver-
ter with six input pins and six output pins.
Using bit-masking techniques. the host
could “count through™ those six input
bits from zero 10 sixty-three and thereby
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F1G. 1—THE IC TESTER SENDS a 16-bi! atimuius to the IC 10 be tested. and ihen sxamines the

miponse.

present sixty-four stimuli for the hex in-
Verter.

That counting scheme does generate a
complete and valid set of stimuli for (C’s
that contain nothing but raw gating. But it
falls short with IC’s that have edge-sen-
sitive inputs. For example. counting
through the input pins of an ordinary flip-
flop allows the clock pin to change simul-
taneously with the data pin(s) at some
counts. Those counts lead to an indeter=
minate response of the flip-flop, rendering
the set of counting stimuli invalid.

Let's assume further that the clock pin
1s assigned to, say. the fourth significant
bit of the stimulus generator and a data pin
is assigned 1o the second or third signifi-
cant bit. Due to the nature of the up-count
function, the clock pin will change only
when 1he data pin is high—1the stimuli set
is incomplete as well as invaiid. In that
particular case, the problem is partially
solved by counting downward. But with
multiple edge-sensitive inputs, the prob-
lem quickly becomes unmanageable. As
we il see, we'll need to use methods other
than the counting stimuli to overcome
those difficulties.

Response analysis

Once we present the stimulus to an IC,
we have to look at the response. Response
analysis includes all 16 pins of the 1est
circuit. You might wonder why we want to
took at all 16 pins—after all, we don't

have to look at the input pins to determine
the output response. There are two rea-
sons why we do look at all pins. First, it is
simpler from the software slandpoini—it
eliminates the extra sieps required to ex-
¢lude certain pins from analysis. The sec-
ond and better reason is that if we examine
the input pins of the test circuit, we can
detect failures associated with input load-
ing problems. Also, we can verify that the
stimulus was actually presented to the test
circuit. In other words. we can give the
tester self-diagnostic capability.

If the host is going to analyze the re-
sponse of an IC, it has to know what type
of response to expect. The only way itcan
know what 1o expect is if we teach it. A set
of good responses can be generated by
presenting stimuli to an IC that is known
to function properly. The responses along
with the stimuli used to produce them can
then be stored on disk or tape for future
use.

Functlonal descrlption

Figure 2 is a block diagram of the tester:
it should help to make our description of
the schematic (Fig. 3) clearer. As shown
in both figures, data or stimuli from the
host system comes into a sel of laiches
made up of ICI, IC2, IC4, and 1CS. {In
eight-bil systems, eight data lines and the
lower eight address lines are used 1o feed
the stimulus latches.) As shown in Fig. 3,
the sTIMULUS LOAD signal (which enables

YeBIT
STIMULUS
LATCH
EN
HOST ¢
CDMPUTER

the latches) is connected to all four laich
IC's. Therefore. it’s essential that all six-
teen stimulus bits be presented (o the
latches simultaneously. The use of eight
address lines to cammy stimulus informa-
tion causes the tester to occupy 256 mem-
ory locations. (In 8-bit sysiems, that
corresponds to 256 bytes. [n 16-bit sys-
tem, those 256 locations correspond to
512 bytes.)

The outputs of the four 4-bit laiches are
fed to sixteen isolation switches, 51-516.
Only the switches (hat feed the input pins
of the IC to be tesied will be closed.
Switches connected to the output pins of
the test circuit will be open to prevent
interference berween stimulus katches and
outpul signals. Swiiches connected to the
power supply pins will be open to prevent
possible damage to stimulus latches.

The lines from the isolation swilches go
to test socket SOI. As you can see from
the schematic, the isolation-switch num-
bers correspond to the test-circuit pin that
they feed. For example. switch S11 feeds
pin 1l of test socket SOI. That makes
determining the switch positions a Hule
easier.

The power supply consists of a five-volt
regulator (IC11), filter capacitor Cl, and a
power-supply-source socket, SO3, (The
regulator can be omitted from many sys-
tems thal contain central five-volt power
supplies.) Notice that the voltage is wired
into SO3 according 10 standard con-
;ention: Ve on pin |4, and ground on pin

Power is supplied tothe IC under testby
a pair of movable jumpers connected from
the power-supply-source socket, SO3, to
the power-supply-select socket, SO2
(which is wired in parailel with the test
socket), If, for example, you wanted to test
2 7475, you would connect a jumper from
pin 14 of SO3 to pin 5 of SO2. You would
also jumper pin 7 of SO3 to pin 12 of SO2.

Response data are accepted by the host

ISOLATION
IWITCHES
JUMPER
OPTIONS

IC BLYG
UNDER DRIVER
TEST MULTIPLEXER

EN

£ RADIO-ELECTRONICS

1

ADDRESS
OECODER

Fi1G. 2—-BLOCK DIAGRAM OF THE IC TESTER shows how the hoal Compulet's dats, sddress, and
controi lines are used to control the lester,
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FIG. 3—IC TESTEA SCHEMATIC. If you use & 16-bit system. you do not have touse address lines for the
stimulus input—use the 15 dats lines [nstead. Note that to make building and troubleshooting easier,

you should use DIP switches for 51-516.

one byte at & lime. Pins 1-8 of the test
socket SOI1 are gated to the host system
through drivers made up of IC7 and part of
IC3. Pins 9-16 arc gated through portions
of IC’s 3 and 6. The two sets of drivers are

enabled by control signals from 1C8.
Control logic. made up of 1C8. 1C9.
and [C10 develops signals that control the
loading of the stimulus latches and the
gating of response data to the host. The
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eight most significant address lines are
brought into an address-recognition ¢iF
cuit consisting of IC9 and part of 1C10.
Two address lines. A12 and Al3, are in-
verted before being applied to IC9. That
selective inversion comtrols the address
range of the memory space occupied by
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FIG. ——THE AUTHOR'S PROTOTYPE wal wite-wrapped on an 5-100 prototyping board. Parts piace-
ment and conatruction WChnique are not Critical.

the tester. In this case. the address range
chosen is CFOOH through CFFFH. (Note
that an “"H™ indicates that a number is
written in hexadecimal form.) While there
are two inveriers shown in the schematic,
any number of inveriers may be used.
They are placed so that, when the address
lines are designating the memory area as-
signed to the lester. all inputs to IC9 are
high. That. presents a high to IC8 pin 6.
partially enabting it. Pins 4 and §, fed by
imerted 1/O-status lines, must be low 10
complele the enabling of IC8, Those lines
will be low when the address lines carty a
memory address as opposed 0 an input/
oulput port address (the latter being indi-
cated by a high on IC6 pin 12 or 14). In
systems where all inpul/outpul areas are
memory-mapped and there arc 110 sepa-
rate input/output functions. pins 4 and 5
of [C8 should be directly grounded.

When IC8 is enabled, it will decode the
inputs on pins 1, 2, and 3 into an active-
low signal on onc of eight vutput pins.
When sMEMR, the memory-read status
signal, is high (and mwgr, the memory-
write enable signal, is low), pin 12 or 13
will be iow, depending on the state of AQ.
If AQ is low, IC8 pin 13 will gate pins |
through 8 of the west circuit to the response
lines. When AQ is high, 1C8 pin 12 will
gate pins 9 through 16 of the test circuit to
the response lincs.

To write o the stimulus laiches. MWRT
is brought high while smemR is low. That
causes either pin 1Q or 11 of IC8 to go low.
Since A0 is part of the stimulus informa-
tion, the sTimuLs LOAD signal must be
inscnsitive to the stae of A@. This is ac-
complished by the diodes Di and D2 con-
nected to [C8 pins 10 and 11-—they permit
the sTiMuLUS LOAD Signal to be generated

by mwgT without regard to the condition
of AQ.

Construction

You can build the tester using either
printed-circuil or wire-wrap techniques.
Componcnt layout is not critical and there
is no need to be concerned with special
considerations such as lead lengths and
exlensive decoupling. The author’s pro-
lotype was wire-wrapped on an S-100
plugboard. It is recommended that you
use a board that is configured for your
compuler system.

We recommend that you use DIP
switches for the isolation swiiches: It
keeps the board much neaier and. thus,
casier Lo Iroubleshoot. Be sure to label the
switch numbers. Mount the DIP switch
packages and all of the IC's in wire-wrap
sockets. The power-supply jumper sock-
cts SO2 and SO3 should also be empty
wire-wrap sockets. For the test socket,
S01, you might want to use a "*zero inser
tion force™ type socket. Do not substitute

PARTS LIST

1C1,1C2, IC4, IC5—74L.575 4-bit bistable
latch

1C3, IC6, IC7—T74367 hex bus drver

IC8—74L5138 3-10-8 ine decoder/multi-
plexer

IC9—T74LS30 8-inpul positive NAND gate

1C10—7 4L S04 hex inverter

M, D2—1NN4

R1, R2—2000 ohms

$1-516 SPST switch {DIP swilchas are
recommended)

C1—20uF, 10 voits, slectroiytic

Miscellaneous: IC sockets, plugboard.

wire-wrap wire, hardware, power-supply

jumper wiras, + 5voit DC power source,

21lc.
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LS-type 1C’s for IC3, IC6, and 1C7.

If your 8-bit system has separate input
and output data busses. the data-output
lines should be fed 10 1he stimwus laiches
while the data-input lines should be fed
from the response output of the tester. In
sixieen-bil systems. the stimulus faiches
may be Ioaded from the sixteen data lines
rather than using the lower cight address
lings as pan of the stimulus. And, of
course, the response drivers may be tied to
the sixteen data lines instead of being
multiplexed into two sets of eight.

If your host computer system uses a
bidirectional data bus instead of separate
inpul and output busses, then the data
lines {but, of course, not the address lines)
into the stisulus latches and the data lines
from the response drivers may be con-
nected to the unified bus,

Using a host computer with sixteen-bit
organization simplifies the control circuit
by permitting the AG input (IC8 pin 1) to
be grounded (since its only purpose is to
split the sisieen response lines into two
groups.) Pins 12 and 10 of IC8 could be
left open, and the output from pin 13
would gate all sixieen response drivers.

The control circuit shown was designed
for an eight bit host with sixtecen address
bits. In hosts which have kewer than six-
teen address bits, there will be fewer than
cight lings feeding imo [C9. Consider a
system with only fourtcen address bits.
The cight least-significant address bits
will be assigned as stimulus bits. leaving
only six bits for the address recognition
function. The two unused pins of [C9 may
be connected together and tied 10 +5
volis through a one-kilohm resistor,

When we continue, we'll begin by test-
ing the tester. H-£
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This month we'll test the IC tester and then we'll look at some options that you can add.

P LAST MONTH. WL DE-
art scribed the IC-1ester
circuit and the theory behind how it
works. Now it's time to miake sure that it
does work. After we do that, we'll look at
some options that you can add to your
tester. For example, we’ll build a low-
budscl logic analyzer—it wurks by ex-
panding your oscilloscope display to 16
traces.

Testing the tester

Most of the componcnls and wiring are
located in the data paths so the inherent
self-diagnostic feature of the tester can be
utilized as a debugging aid for the finished
project. After the device is built and con-
nccted to the host computer, preliminary
testing can begin.

For the purpose of discussion, we will
assume that the device has been mapped
into memaory addresses CFOOH through
CFFFH (as it is shown in the schematic).
Note: An “H" indicates that a number is
written in hexadecimal form.

Open all the isolation switches
(S1-St6) and make sure that the test sock-
el is empty and that there are no power-
supply jumpers between SO3 and SO2.
Read the sixteen response bits by per-
forming memory reads on addresses
CF0H and CFOIH. Both of those ad-
dresses should return FFH., indicating that
the response is equal to sixieen 17" bits.
Nexl. close all the isolation switches and
wiite sixteen zeros in the stimulus latehes
by writing 0 into address CFOOH. Read
the response as before and look for sixtecn
zero bits. Now write all ones in the stim-
ulus tatches by writing FFH into memory
address CFFFH and check for a response
of all ones. as before. Ay this point, the
tester is in a configuration where all stim-
ulus information should be exactly dupli-
caled on the response lines.

The next test will require a shont pro-
gram to send counting stimuli to the teste
er. After each stmulus is sent to the
latches, the response is accepted and com-
pared with the stimulus for equality. 1f

Wwww americanradiohistorv comm

single-bit failures arc observed during the
the test, the coniponents and wiring asso-
ciated with that particular bit should be
checked care fully. 1f the bit pattems den't
change or if they don't even resemble the
correct Patterns. the comrol circuitry
might be at fault. Any discrepancies noted
up to this point mwst be repaired before
proceeding with further tests.

‘Ihe final series of tests will werify the
wiring of the isolalion switches. Stanting
with all switches elosed. open one switch
and scnd a stimulus of all zeros. The re-
sponse should be all zeros except for a
single “*1" bit. which should correspond
10 the open switch. Now close the swiich
just tested and open the next switch, then
perfnrm a similar stimulus/response test
on this switch., Continue in this fashion
until all sixteen switches have been iested.
The final test is started with all switches
open and is similar to the previous test in
that one switch at a tine is tested. This
time the switches will be closed onc at a
time. Send test patterns of all zeros and

¥861 H3BOLDO
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FIG. 5—THE 74LS05. Before you test sny IC. you have to prepare a funciion table. Thats not only
because you have lo determine a valld snd complete set of stimull. but you S1s0 hive to determine what

kind of response you should expect.

look for a response of all ones.except for
the single ¢losed switch.

Using the tester

In order to test an 1C. the isolation
switches and the power-supply jumpers
must be configured for the specific circuit
1o be tested. The switches assigned to
inpul pins of the test circuit must beclosed
and those assigned to output pins and
power supply pins must be open. The ac-
tual test is done by comparing the set of
test responses with a set of known good
responses,

The best way to obtain a set of good
responses is to issue stimuli to an 1C (of
the type you want to test) that you know to
be good. You can save the responses for
future comparison. Actually you should
save both siimuli and responses since the
patterns issued during the test must exact-
ly match those used to create the initial
pattierns. A less attractive way of obtain-
ing good response data is to issue pattemns
to a circuit thought to be good and then
manually examine the response data to
see if it is comrect.

Let's consider the steps involved in test-
ing the SN74LS595, a four-bit shift register
with parallel-load capability. Figure 5
shows the pinout for that 14-pin IC along
with a table that describes the circuit’s
functions. The mobg input (pin 6) deter

mines the mode in which the circuit is
operating (paralle] load or shift), and also
determines which of the two clocks is
permitied to change the register contents.
The function table reveals that there are
edge transitions in the mode-change area
that will cause indeterminate results,
Those transitions should be avoided dur-
ing the testing process because they repre-
sent invalid stimwuli.

Fourteen-pin IC's should be mounted in
the 16-pin socket such that pins 8 and 9 of
the l6-pin socket are empty. (Con-
sequenily, pin 14 of the IC is connected to
pin 16 of the test socket and to $16.) Fig-
ure 6 shows that and also indicates the
required position of each isolation switch
for that panticular 1C. The + 5-volt power-
supply jumper must be connected from
SO3 pin 14 10 SO2 pin 16. The ground
jumper goes from SO3 pin 710 SO2pin 7.
Set up the switches and power-supply
jumpers, insent the 1C into the test socket,
and testing can begin.

The 74LS95 has multiple edge-sen-
sitive inputs. As we mentioned pre-
viously. counting through the inputs does
not generate suitable (complete and valid)
stimuli for that IC. We shaill use what
amounts to a smaller and somewhat sim-
pler set of test patierns as shown in Table
]

Table 1 indicates that scveral patntems
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are issued to the 741895 before each re-
sponse is read. For example, consider line
12 of the table. A stimulus of 8228H is
sent, bringing crx2. MODE, and high.
That is followed by 0068H on line 13,
which brings TKz low. A response is then
accepted; it and should equal $028H on
fine 14.

How does the host know when to accept
a response? The software driver can take
advantage of the fact that the isolation
switches for the two power-supply pins are
known to be open and that, consequently,
those two pins are not sensitive to stimuli.
Bits 7 und 16 can be used to imbed con-
trol-flag bits into the test data, Those can
be used to tell the host whether to generate
a stimulus, expect a response. call & sub-
routine, etc.

For exampie. when the ground line (bit
T) is made high, as on line 16, it indicates
{to 1he author’s test software) that a re-
sponse is to be taken after the pattern is
sent. When the + 5-volt line is made high
as on iine 18, the software driver will call a
subroutine to clear the 741593 before
sending the lest pattern on line 18. Notice
that line 15 brings bits 16 and 7 of the test
circuit low. The software driver writes that
pattern and then proceeds to the next pat-
tern on line 16. The pattem on line 16 has
bit seven high (ground pin), causing the
driver 10 accept a response (line 17) after
sending the DB70H patiern. When both
supply lines are high as on line thirty, it
signifies “end of test.” That use of power
supply pins is one way, but not the only
way, of simplify the passage of control
paramelers to the software.

Because the SN74L.893 does not have a
separate CLEAR pin. the clear subroutine
(Table 1. lines |—4) must use the parallel-
load capability of the circuit to load all
7eros into the internal register. The re-
sponse should be tested after the clear
subroutine since a failure here will cause
subsequent failures in the main body of
the test. [tis good general practice to tlag
the earliest possible failure in a series of
tests. especially if the software is going to
perform a complete and exhaustive failure
analysis.

Options

If you build the tester on a pruiotyping
board designed for your host syslem, you
will almost cenainly find that there is
plenty of space left on the board for possi-
ble expansion. For example, an 18-pin
socket may be added for the purpose of
testing specific 18-pin circuits such as the
popular 2114 RAM series. (The power
supply pins would be permanently wired
1o the power-supply lines, while the other
sixteen pins would be wired parallel to the
sixteen test socket pins.) Pin correspon-
dence between the test socket and the 18-
pin socket can be assigned in any conve-
nient order. =

The addition of a PROM or EPROM
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programmer is practical because there are
already sixteen laiches on the board. If
you add another SN74L8735, you'll have
enough latches for the data and address
lines of a 4K PROM. A squarc- or rec-
1angular-wave gencrator may be added by
selecting a bit and placing it under soft-
ware control. Paramelers describing the
desired wave could be passed 10 software
whieh would then compute the loop varia-
bles required 1o create the wave on the
chosen bit line. Squarewave monitoring
couid be done by bringing the external
wive into a bit line and letving 1he software
sample the line. Those are just a few of the
many ways o expand the IC tester.

Oscilloscope adapter

The logic analyzer isa very useful tool.
But because it's also rather expensive,
most hobbyists do not have access 10 one.
However, we'll offer an alternalive to the
logic analyzer: an adapter for your os-
cilloscope that allows it to display 16 sig-

nals. Of course, its linearity and general
quality of presentation won't maich that
of the logic analyzer. And it won't imitate
the varied and complex functions of a
logic analyzer. But it can be built from
inexpensi ve, common logic-components.
So for a very small expense, youcan add a
valuable tool for testing digital 1C’s to
your testbench. Perhaps more impornami.
the oscilloscope-adapter logic analyzer
can be an excellent tutorial aid.

The author’s display-adapter prototype
was developed as an expansion of the digi-
tal 1C wester that was presenied last month,
and it uses TTL IC's. However, the os-
cilloscope adapter can be buill as a stand-
alone unit, and the idcas can be applied to
other logic families as well as TTL.

A look at the circuit

The oscilloscope adapter’s circuit {its
schemalic is shown in Fig. 7) uses a coun-
ter/multiplexcr/converter scheme o time-
share sixteen digital signals cnto a single

oscilloscope channel.

The display counter, ICI2 (a 74LS191
synchronous up/down counter), selects
one of the sixteen channels for display. As
il counts, each channel is selected in prop-
er sequence—channel 1 is displayed on
top. and channel 16 on the botiom.

A 74150 1-of-16 data selccrer/multi-
plexer, [CL1 accepts the sixteen digital
inputs from the tester. It selects one of
them to pass to its outpul {pin 10). The
selected input depends on the contents of
the display counter.

The inverting buffer/drivers, 1CI3,
along with its associated resistors, forma
5-bit 32-state digital-te-analog (D/A)
converter. It combines the four display-
counter bits and the single, selected chan-
nel bit into one of 1hirty-two discrete volt-
age sieps—two vollage levels for each
displayed channel. The output signa! to
the oscilloscope swings through more
than four volts of the available 5-wolt
power-supply range.

TABLE 1
BIT VALUES
SIGNAL HEX o
TYPE VALUE /1813 2.9 B.5 4.1 \ ACTION

01 Stimulus pa20 0000 o0 o019 000 - Bring ©rz and mooe high
CLEAR 02 Stimulus 0020 o0 2000 2010 0000 - Drop &G (load zeros)

03  Stimulus 0040 2000 0000 0100 0000 - Drop mooE, then test

04 Response apdo 1000 (6 6 %] (5.0 ) 0000 - All pins low except V.,

05 Stimulus 8020 1000 000 0010 00038 - Ciear then bang mope high

06 Stmulus o222 0000 2010 2010 010 - Bring CKZ. moDE, Dg high

07 Stimulus 0362 2000 (6,05} 0119 9218 - Drop xz, then tes!

08 Response coz2 1100 (5.%9 5} 0019 00180 - Ve, Op. MODE, Oy high
PARALLEL 09 Stimulus 0224 000 0018 2010 9100 - Bring €%, mooe, 04 high
LOAD 10 Stimulus 2064 0000 0000 2110 0130 - Drop Cnz, then test
TEST 11  Response AQ24 1010 0000 0019 0180 - V.. Oy MODE. Dy high

12  Stimulus 0228 0000 0010 P19 1980 - Bring &G MODE, D3 high

13 Stimulus 0068 0D 0000 0118 1000 - Drop k2 then fest

14 Response 9028 1001 COD0 oo 1000 - Vi, G2, MODE, D3 high

15 Stimulus 0230 2600 10 o011 @203 - Bring &¥2. MODE. D, high

16  Stimulus 0070 DOO0 0000 2111 0000 - Drop TRz then test

17 Response 8830 415.5,9] 1000 o011 0000 - Vi Oy, MODE, Dy high

18  Stmulus 8401 1080 2100 0000 8021 - Ciear, then bnng 8%T. by high

19 Stimulus 2041 0000 (5,5 4] 2199 01 - Drop ¥ then tast

20 Response Coo1 1100 (6,755} [6.5.4.5 2001 - Ve, Gp. D, Nigh

21  Stimulus 0400 0000 0180 0000 0000 - Bring Zxi high o, low
SHIFT 22 Stimulus 2040 0000 0200 0100 0023 - Drop T then test
TEST 23 Response ADOO 10 0000 DO00 OOB0 - V. 04 high

24 Stmulus 0401 5, 0] 00 2000 @81 - Bong Ty o, high

25 Stimulus 0041 0000 0000 0100 0231 - Drop &% then test

26 Response Do 111 0000 2O G301 - V., Op. Oz, O, high

21  Stimulus 0400 0000 100 0000 0000 - ok, high and p, fow

28  Stmulus 0040 (416,55} OO0 0100 2000 - Drop Tz then lest

29 Response  ABRD 1010 1000 0000 0000 - Vee Q1, O high

30 Stimulus BO4G 1000 0000 0100 0020 - END OF TEST

WwWww americanradiohistorv comm
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FIG. 7—OSCILLOSCOPE ADAPTER SCHEMATIC. IC12 seiocts which of IC11'% Inpuils geis sant to tha
outpul buHer. The resistor notwork #t the output of the butfer establishes 32 discrete voltage steps—
two for each channel. IC14is # trigger qualltier; H's optional, but suggested. Jumper JU1 is used ta take

the qualifier in and out of the circult.

A trigger must be supplicd by the logic
system or device being observed. The
trigger is needed bolh to act as a elock for
the display counter and to initiaie a hori-
zonial oscilloscope sweep. The trigger
signal is applied to pin 11 of IC13; sixieen
of those Irigger pulses are required 1o gen-
erate a complete [6-trace image on the
scope. In complex digital systems, 2 Sin-
gle signal that can act as a suitable trigger
is not always available—you may need an
optional tngger qualifier so that you can
create an acceplable trigger. A qualifier
gate, such as what is shown for IC14, can
be used. We recommend that you add
such a qualifier gate along with a provi-
sion to enable it simply by the insertion of
a jumper.

Swilch 817 is an optional zero-refer
ence switch. It is used wo place a low
logic-level on the least-significant input
leg of the converter. When the switch is
closed, the scope will display the 16 base
lines. By momentarily closing the switch,
you can quickly identify a sicady-stute
channel as steady high or steady low. The
switch is aiso useful in lincarity tests.

Construction
You probably have enough room left on

your original [C tester board to build*the
display adapter. Since the witing or com-
ponent layout is not critical, practically
any construction technique may be used
with good results.

There are many possible component
substitutions that can be made in the TTL
design. Forexample, the counter does not
have 10 be a T4LS191: [t can be another
kind of synchronous ¢counter like the
74LS163 or the 74L8(93. Or it may be a
standard (as opposed to low-power Schot-
1ky) TTL counter like the 74191. If sub-
stitulions arc made, be sure to check the
pinout of the new 1C and document the
changes where necessary. The use of rip-
ple counters such as the 7493 is not rec-
ommended in this circuit—they tend to
introduce excessive channel-switching
transients. The 7406 may be substituted
by othcr open-collector hex inverters in-
cluding the 7416, and the 7405.

One final construction note; Assuming
thal you are building the circuit as an
expansion of the [C tester, each display
channel should be connected o its come-
sponding pin on the test socket. In other
words, channel | should display the signai
on pin | of test socket SOI and so on. That
makes using the analyzer easier.

WwWww americanradiohistory comm

Using the display adapter

For illustration purposes, let's sel up
the IC rester so that we can examine the
waveshapes associated with the 74LS138
onc-of-eight decoder. Table 2 lists the
proper stimulus pauerns. The trigger
should be jumpered from the stimulus
latch side of the Isolation switch for pin 8
to pin 11 of IC13 in Fig. 7, and the scope
should be set to rigger from the positive
edge of an external signal. Isolation
swilches 51-56 should be closed. and
switches S7-816 should be open.

Notice that the first two stimulus pat-
terns will send a ¢lock pulse to the display
counter and trigger the oscilloscope, re-
spectively. As shown in Fig. 8, the coun-
ter counts on the lcading edge of he
trigger pulse and the display begins on the
trailing edge. That eliminates the chan-
nel-switching lines and lets us see a ¢lean
display.

Program your host computer 1o gener
ate the looping slimulus patterns in Table
2 and run the test on a 74LS138. Connect
the oscilloscope test leads Lo the adapter
and, with the test running, we are ready to
observe digital waveforms.

Set the vertical-sensitivity conirol-to |

TABLE 2
STIMULUS COMMENT
(HEX})
0020 Trigger low, count countes
PEAD Trigger high, tigger scope
20a1
00A2
DOA3 Test patlems
D0A4 i
ODAS
O0AB
PAT

Loop back 1o first stimulus

volt/division and set the limebase to the
fastest sweep. The exact sweep speed re-
quired for observation will depend on the
speed at which the host system emils
stimuli. Decrease the sweep speed and
carefully observe the counting stimuli on
channels one, lwo, and three, to deier
mine when the proper speed is found. (1t
will probably be necessary to decalibrate
the umebase to display the entire interval
between triggers.) If the disptay shows
fouror eight traces with connecting steps,
then the sweep is (oo slow but is close to
the correct speed. If the display resembles
multiple downward staircase waveforms,
then the sweep is far too slow. Once Lthe
limebase is adjusted, the vertical sen-
sitivity can be adjusted {(and decalibrated)
so that the sixteen channels cover the en-
tire face of the scope. giving maximum
channel separation. The display should
resemble that shown in Fig. 9.
{continued on page 111)
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DIGITAL IC TESTER

continued from page 86

You can usc the display adapier to view
signals Lhat originate oulside of the lester,
With the test socket empty and the power
supply jumpers removed. open the isola-
ton switches and jumpet the system sig-

QNE CHANNEL
+ CYCLE 1

TRIGGER [ I

INPUT —'_r—h—l_!—-

CHANNEL

SWITCHING o o el
INTERVAL |—1 l—‘l
DISPLAY |, i
COUNTER 1 ¢ L
NEIZLINPUT 1 4 I

I ™ oispraven ¥ !

FIG 8—THE COUNTER COUNTS on the [2ading
edge of 8 logic trigger. but the scope triggers on
the iralling edge. Thal eliminatés the channel-
awhching lines from the display.

PARTS LIST

All resislors wre Ya-watl, 5%

R3—43.000 obms

R4—22,000 ohms

R5—11,000 ohms

RE6—5600 ohrms

R7—2700 ohms

R8-R12—330 ohms

R13-=1500 ohms

Semiconductors

1IC11—74160 1-0l-16 selector/muitiplexer

IC12-—74L5191 binary synchronous up/
down counter

IC13—7406 hex inverting buffer

IC14—=7420 dual 4-nput 1.anD gate

Other eomponents

S17—SPST swatch

should be cvenly spaced. and all displayed
signals should repeat themselves exactly
between triggers. The qualifier can be
uscfil in dealing with complex systems.
but proper qualification hinges on your
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Flita. ¥—THE OSCILLOSCOPE DI

PLAY showing the wavelorms generated by tw 7405138 st ehrouil.

While il may not be the most eloquent logle 2nalyzer, it can be an excelient teaching or learning lool.

nal(s) 1o the test socket pin(s). Bring in a
suitable trigger, crank up the sysiem. and
you are ready to observe the chosen sig-
nals and their relationship to each other.
Be aware that the displayed signals are
now driving the additional load presented
by the circuitry connected tothe test sock-
et—that includes the output drivers, the
mutti-channel adapter, and. perhaps, ad-
ditional expansion hanjware. System sig:
nals that are heavily foaded might not be
able to drive that additional load.

The selection or generation of a trigger
is most crucial in ereating 2 stable and
meaningful display. The trigger pulses

familianty with the logic system. [n gen-
eral, under-qualified wiggers tend to
create brilliant but jittery displays. On 1he
other hand, over-qualified triggers yield
diminished or even non-existent displays.
In situations where trigger selection s
relatively simple, the multi-channcl
adapier can become a witoriat aid. You can
learn a lot by observing signals in a prop-
erly operating digital device. As you con-
tinue to use the adapter and really get a
good “*feel™ for it. you will probably find
many additional uscs for the adapter.
We'll find even more uses for the IC tester
when we continue. R-E
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FLOYD L. OATS

We've already seen that the IC tester we've been building can be used for more than just
testing digital IC’s. This month we'll add an EPROM programmer,

P t 3 IN THE FIRST TWO
a r pants of this article,
we |ooked at acircuit that could be used—
along with your computer—io test digital
IC’s. We then added a low-budget logic
analyzer to the tester: It worked by allow-
ing you lo view 16 digital signals on a
single-lrace oscilloscope. This month.
we'li expand the cirenit even further by
adding EPROM-programming capability.

Before we 2o on, we should add some
cautions: The circuit was designed to be
used with an S-100 bus computer. With
modifications, il can be used with essen-
tially any eomputer. In either case. some
programming experience is essential:
While the sofltware that is required is de-
scribed, the actual, complete programs
are nol presented.

EPROM programmer

The digital 1C tester—along with your
computer—can be used to program and
verify virually any 24-pin member of the

2700 EPROM family. That includes ev-
erything from the original 2704/2708
through and including the 2732. Al.
though the circuit can be modified 10 pro-
gram 28-pin devices such as the 2764, we
will not cover that here.

Figure 10 shows the pinouts for some of
the various styles of 24-pin EPROM's.
You*1l want to refer to it as we talk about
the different types of EPROM's available.
We should add one more caution, though:
Before you try to program any EPROM,
make surc you have the manufacturer's
data sheets. Pinouts, vollage require-
ments, and programming sequences can
vary from one manufacturer 10 another,
and from older devices to newer ones.
Double checking is the safest and surest
way to avoid problems.

Before we can discuss the EPROM pro-
grammer ¢irenit, we have to know what
we want it to do. So let’s first consider
how the 2708—a typical three-supply
EPROM—is programmed. (Note that

WwWww americanradiohistorv comm

when we say “three-supply™ or “single-
supply,” we are referring to the number of
power supplies required for READ
operation—we do not include the pro-
gramming-voltage supply.)

To program the 2708, its TY/wE pin Is
brought to + 12 wolts and is held at that
voltage throughout the programming op-
eration. (That causes the eight data lines
to become inpul-data lines). An EPROM
address, and the data to be stored in that
address, are then prescnled to the
EPROM. Both the address and data lines
must be held in their valid state while a
program pulse is applied to the program
pin.

That +25-volt program pulse has a
pulse width between 100 microseconds
and | millisecond. After the pulse is ter-
minaled, the next (sequential) address,
along with the contents to be stored there,
are sent to the EPROM and another pro-
gram pulse is issued. After all addresses
have been pulsed, we say we have com-
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FIG, 10—PIN FUNCTIONS VARY from cne type of EPROM to ancther. While you can use this as 8 guide,
make sure you have the manutacturer'a data ahee! tor any EPROM you wanl o program.

pleted a single pass.

It is necessaty to make enough passes
to bring the total program- pulse time 10 at
least 100 millisecands per address. That
means that if your pulse width is, say. 500
microseconds. then at least two hundred
passes musl be made.

The 2708 is only one kind of
EPROM—a threc-supply type. Now we’ll
lock at the programming procedure for a
typical single-supply EPROMI: the 2716.

To enter the 2716's programming
mode, pin 20, the oulput-cnable pin (OE.
pin 18) is brought to +35 wolts. and the
programming-voltage pin (V,p, pin 21} is
brought to +25 volis. The address and
corresponding data are presenied to the IC
and held valid while a fifty-millisecond
high-level TTL pulse is sent to the TE/PGM
pin. (Note that, as opposed 1o the 2708,
we program with a TTL-level pulse—the
programming vollage applied to pin 21
remains constanl at 25 volts. We should
note, however, that the programming volt-
age can be switched. if desired.)

Only a single puise is required to com-
pletely program a location. Unlike Lhe
2708, sequential addressing is not neces-
sary and only the addresses being written
need be pulsed. Therefore, since all of the
address locations in new (or erased)
EPROM’s are set to |, to program a 2716,
only Lhe addresses that need to be changed
to zero bits are "bumed in.” Thos¢ ad-
dresses that need to be sel o one are

programmed by simply passing over the
location,

The EPROM-programmer circuit

Because the EPROM programmer
(whose schematic is shown in Fg. 1) is
being built as an add-on 1o the digital 1C
tester, we have 10 map up to four kilobytes
of EPROM address into 256 memory-
mapped locations. (You will recail thar
the IC tester uses cight address lines to
carry stimulus information and thus oc-
cupies 256 memoty locations.)

We overcome that problem by using a
D-type flip-flop (IC15) w store the most-
significant bits of the EPROM address.
and by implementing a three-phase pro-
gram/verify cycle (which we'll describe
in more detail shortly). When we combine
ICI5 with the sixteen stimulus latches
(IC1=1C4), w= obtain thineen address
lines and cight data lines. That’s enough
to accommodate up to 8K of EPROM
space.

The three-phase cycle is shown in Fg.
12 1n the first phase, enabled by as being
high, the EPROM upper address (As—ai2)
is loaded imo IC15. In the second phase,
the eight ieast-significant address bits
(A0-A1) along with eight data bits (po-Dx)
are loaded inlo the stimulus latches
(ICI1-IC4, Fig. 2)) and a "burn” interval
is nitiated. [m the third phase, the bum
Interval is terminated and the programmer
is restored 10 its idle state (which is de-
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fined as both of the flip-flops in ICI6
being reset).

Referring back to Fig. 11 (and to Fig. 3
in Part 1), you'll notice that five of the
upper stimulus latches (a0—a4) are fed 10
IC15. The as latch is sent topin 1 of 1CI7.
The sTIMULUS LOAD signal is inverted to
an active-low pulse by ICI7-f and then
applied to both flip-flops of ICI6 as a
clock.

Assume the programmer (o be in the
idle state, awaiting a phase-one load. If As
is high (&3 low), pin 2 of [CI6 is con-
diticned to set one of its fip-fAops on the
trailing edge of the stimulus-load pulse.
(We’ll call that flip-fop. 1C16-a, the LOAD
fiip-flop.) When the LoaD Rip-fop sets, it
will clock pin nine of IC15. thereby cap-
turing the EPROM upper address. The
Loap flip- flop primes the second Aip-flop
of [C1610 set and, through 1C17-b, condi-
tions its own reset. (We'll call the second
flip-flop, 1C16-b. the TTop flip-flop for
TTL Pulse.)

The second phase starts with the next
stimulus load pulse, which will now reset
the Loap flip-flop and sel the second
(1Tre) Aip-flop to initiale the burm interval
(see Fig. 12), TILp activates the progranv
verify controls and also maintains a low
imo the Loap fip-flop through IC17-¢.

The Loap Aip-flop being reset causes
the TTLp flip-flop to reset on the next stim-
ulus load (phase three). The bum interval
is terminated and the programmer is re-
twmed to its idle state. We should note that
1C15 still retains the bits captured during
phase one.

During a program cycle, the TTLP Hlip-
fiop supplies a TTL pulse for program-
ming those EPROM’s that require only a
TTL-level pulse. The signal also controls
the high-voltage pulse needed by many
EPROM’s. For example, the TTLP signal
contrels the base of Ql through ICI17-¢
and IC17-d. Transistor QI controls V
the programming voltage. When Q1 s
turned on, it will drop about two volts and
pass the remaining 26 volis to the
EPROM. When pin 6 of IC3 is low, diode
D3 retums the program pin to ground.
Capacitor C4 limits the overshoot on the
emitter of QI to accepiable levels.

Switch $24 is useful in lesting and trou-
bleshooting QI and associated circuitry—
when closed, it will held V., high with-
out regard 1o the state of TTLP.

Closing switch $25 will uncondi-
tionally hold the programmer in the idle
state thereby disabling the entire circuit.
A quick-arming power-on resel function
is provided by C1, R15, and RI6.

Personality module

As shown in Fig. 11, the signals and
voltages developed are sent to the
EPROM socket (SO5) through a switch-
ing and distribution network (S18-S24,
and S04). Socket SO4, the personality
module socket. accepts a personality
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Program or verity function i8 selected by the programmer's Switches. (See Fig. 13}

module that is custom made for each style
of EPROM. (The personality module can
be made on a DIP header, and consists of

appropriate jumpers. We’ll get to the spe-
cifics of the jumpers shortly.) The switch-
5 (518-523) are configured (o select ei-
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ther a program or venfy function.

The personality-module outputs (pins
1-5) feed what may be termed the " varia-
ble” EPROM pins. Figure 13 defines the
personality module and the program/ver-
ify configuration needed for each
EPROM. We'll discuss those configura-
tions in more detail later,

Construction

It is recommended—but not essen-
tial—that the programmer be built on the
same board with the 1C tester, Component
placement, general signal routing, and
construction method are not critical and
are therefore left to your discretion. Don’t
forget that the EPROM programmer
needs an external source of +28 volts at
about 100 mA. (A variable power supply
is preferred.)

Most of the signai connections to the IC
tester can be seen in Fig. 11, The EFROM
socket daca-lines are connected to the iso-
lation side (test-socket side) of the isola-
tion switches so that they may be
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PARTS LIST

All resistors are ‘sw-wail, 5% uniess
staled otherwise

A14—1000 ohms

RA15, R17—2700 ohms

R16—3300 ohms

R18—100 ohms. ¥ walt

A19-—390 chms, ‘4 watt

R20—5600 ohms

R21—10,000 ohms

Capacilors

C2, C3, C5—20 uF, 35 wolis. electrolytic

C4—33 pF, ceramic 0isC

Semiconductors

IC15—74L 5174 hex D-type fip-llop

IC16—74LS74 dual D-type Hip-llop

IC17—7406 hex inverting butter/driver

IC18—74L.5367 hex bus dnver

01—2N3504

D3—1N9t4

Da—1N4733

D5—1N4T42

LED+—standard green LED

LED2—standard red LED

Other components

$18-25—SPST switch {DIP switches pre-
terred)

Misceilaneous: IC sockels, Jumpsr
header, el

connected to the stimulus latches for pro-
gramming or disconnected for program
verifying. The least-significant address
bits, Ao through a7, are connected to the
most-significant byie of the stimulus
latches and five of thase {ao-a4), also go to
IC15. The address lines are connected di-
rectly to the laiches.

The personality-module socket (SO4)
will aceept a 16-pin header plug, which
must be pre-wired for a particular type of
EPROM (according to the data shown in
Fig. 13.} As an example, consider the
2732 entry in that figure: Pin one is wired
1o pin twelve, pin two to pin eleven, pin
three to pin thirteen, et¢. Once you install

the jumpers on the header, label it
“2732.7 If you can manage, you might
want 10 squeeze the switch setlings for
programvverify selection on the label.

Diagnostic indicator

Figure 14 shows an option you can add
to the programmer (0 give both a visual
and a software indication of the program-
mer’s current phase. lican be very helpful
for debugging and troubleshooting, and
can be used by software to continuously
monitor the state of the programmer for
self-diagnostic purposes

When a signal 1s active, its line to the
test socket is low and the corresponding
LED is illuminated. The host systen may
determine the cument phase by simply
reading the test socket and examining pins
9 and 10.(1f you use this option, the isola-
tion switches for test sockel pins 9 and 10
will have to be open while the program-
mer is in use. Switch §25 must be ¢losed
when the programmer is not in use.)

Testing the programmer

Preliminary tests designed to check out
the wiring and logic of the programmer
are made with the EPROM socket empty
and the 28-volt supply removed. Set up
the IC tester with the test socket vacant,
the power-supply jumpers removed, isola-
tion switches for pins 9 and 10 open, and
all other isolation switches closed. Open
all eight of the programmer's switches
(518-825) and, if practical, power the de-
vice up and down several times and verify
that the power-on reset forces the idle con-
dition.

All stimulus patterns can be viewed in
terms of test-socket pins since, from the
standpolnt of the host computer, the ex-
panded tester still appears as merely a 16-
pin test socket. Referring to figure 15, the
first stimulus pattern of the three-phase
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MOOULE VERIFY
EPROM TYPE JUMPERS PAOGRAM | VEAIEY | PROCEOURE

2704, 2708 1-12 18 520 VIOR V2
26 521 §23
3-15
414
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2758 1-12 $19 520
7 iE 521 821 vi
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N6 1-12 §19 520
2-13 §21 s2t V1 0R V2
S 15 s24
gl § - 10°
2732 =1s 21 523

1-13 524 V2

27324 510

YOU MAY WANT TDAOD A SWITCH TO AVDID CHANGING JUMPERS
F1G. 13—PERSONALITY MODULE AND SWITCH configursilons for various EPRO M's, See the text for
more Informalion on verlty procedures ¥ (load. load. |0ad, read| and V2 (load, load. read. load)
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FIG. 14—FOR A VISUAL INDICATION of the pro-
grammer’s current pha e, you can add this diag-
nostic logic.

program/verify cycle will contain the up-
per EPROM address on the lines assigned
to test-socket pins 9—13. The As bit must
be high to enable this phase-one load, so
the line assigned 1o pin 14 musi also be
high to enable the address-register (IC15}
load and the phase advance. The second
and third patterns are identical and will
direct the EPROM lower address to pins
9-16 and data to be programmed to pins
1-8. Although many of the patterns may
never aclually reach the test socket, the
host computer will “think™ that an IC is
being tested.

We can begin by testing the phase-ad-
vance logic. Using a stimulus with the AS
bit high, send the patlem repeatedly and
check for the phases to progress according
to Fig. 15. Starting in the idl¢ condition,
send the same stimulus once more and
then change the pattern so that AS is low.
Send this new pattern ten or twelve times
and observe that the phasc is properly
advanced to the idle state but the new
pattern is not able to cause any further
activity. It should be apparent that the
issuance of two or more consecutive stim-
uli with As low will guaraniee that the
programmer goes to the idle state. The
software can use that principle to imple-
ment a “restore” function.

For the remaining tests, you will need
to insert a personality module for a 4K
EPROM and set up the DIP switches to
program. Make sure the swiiches agree
with the personality-module style (see
Fig. 13) and leave the EPROM socket
empty. Send stimuli which will load vari-
ous bit patterns into the address register
and check the appropriate bits on the
EPROM socket itself. Make the phase-
two and -three bit pattems different from
the first to be centain that the upper ag-
dress bits are captured only during phase
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FIG, 15—THE SOFWARE views Ihe programmer ss an IC under tesl. The first pattern sent ls sssigned
to the EPROM lines as shown in 8, while lhe second and third patterns are assignsd to the lines shown
In 5. Sampie bit psiterns (in hexadec/mal 10rm) used to program two EPROM address locstions sre

shown in ¢.

one. Next, vary the phase-two and -three
patterns and check the data and lower-
address bits, again on the EPROM sockel.
By testing the bits on the socket, the wir-
ing is checked out as well as the source
logic.

For the next test, an 820-ohm, 2-wau
resistor is needed. (If you don’t have that
unusual itlem you can ¢ombine four 3300-
ohm Y-wati resistors in parallel.) In either
case, take notice that the resistor(s) will
become very warm to the touch.

With the programmer in the idie con-
dition, apply + 28 volis to 1he collector of
Q1 and observe Ql's emitter for a vollage
near ground potential. Close switch 524,
and the emitter should go to about 27
volts. Now connect the resistor, which
constitutes a typical load. from the emitter
to ground and look for a voltage of 25 or
26 volts. If Q1 has been substituted for,
and 1s dropping four volts or more, the
substitution is not acceptable.

Lcave 524 closed and the load con-
nected for ten minutes or longer and then
open §7. The emitter should retum 1o near
ground potential. With switch 57 open,
cycle the device through the phases and
confirm that transistor QJ’s emitler is con-
trolled by TP,

For the final hardware test, close switch
S8 and make sure that the programmer is
locked into the idle condition regardless
of attempts to cycle it from the host com-
puter. Now, with S8 closed and the
EPROM socket empty, make sure the IC
tester and any other expansion devices

still function properly.

Using the programmer

Before you can use the programmert.
you'll have to write some software to con-
trol it. A relatively simple (and popular)
methed is to store the intended EPROM
conlents in a main memory arca and use
software lo transfer that data to the pro-
grammer (while keeping the address and
data bits properly distributed and main-
1aining good program-pulse width).

The program will have to send the prop-
er set of bits 10 the device during each
phase and must control the program pulse
width by means of a delay between phase
two and phase three. Programming is
more complex for the three-supply
EPROM’s because the source data is
transferred (o the EPROM a number of
times as multiple passes ape made. Don't
forget that only a single pulse per address
is permitted with single-supply EPROM
types and the pulse width must be 50
milliseconds, * 10%.

Figure 15 may be helpful in determin-
ing the address- and data-bit distribution
among the three phases. Examples of ex-
act stimuli for programming iwe locations
are shown. Using that figure, you can de-
velop software that will create and issue
the appropriate pattems. You can leave the
delay between phases two and three at a
very low value for now. Check that the
programmer is in the idie stawe when the
software is initiated and that the software
leaves the programmer in the idle state at
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completion. If your program doesn’t do
that, it is not observing the three-phase
eycie requirements.

Onee the raw program is developed to
your satisfaction, you can work on adjust-
ing the pulse widih. You can do that easily
with the aid of an oscilloscope by simply
measuring TTLP and changing the soft-
ware delay accordingly.

If you don’t have an oscilloscope, use
a clock or watch to measure the time it
takes to transfer one or two kilobytes.
Run the program with the EPROM
socket empty. and adjust the software de-
lay until the rum time is 100 seconds, +3
seconds.

The EPROM verify software is easier to
¢reate because there are no Jdelays or mul-
tiple passes involved. The three-phase cy-
cle is used t0 load the addresses. but the
data pattems have no significance since
the isolation switches to the EPROM data
lines will be open during the verify opera-
tion.

There are two verify procedures. vi and
v2 specified in Fig. 13: In the vI process,
the host reads pins 1-8 of the test socket
during the idle state after having executed
the three-phase ¢ycle te load the EPROM
address. In the v2 process, the read is
performed during phase three, and one
more load 1s done to complete the cycle.
Normally, the contents of the EPROM is
cither read into 8 main memory area for
examination or compared with a memory
area to verify the EPROM contents.

When you have the hardware and soft-
ware debugged, you are ready 1o test the
programmier with an EPROM in the sock-
¢t and the V., supply connccted. The first
thing you'll want to check is that the
EPROM is erased. Power the programmer
down, insert an EPROM and the associ-
ated personality module, sct up the DIP
swilches for verify (using Fig. 13), and
open the isolation switches for test socket
pins onc through eight. Power the pro-
grammer up and run the verify software,
checking for FFH patterns in all ad-
dresses.

Power may be removed from the pro-
grammer while the DHP switches are
changed between program and verify. but
be careful that Vs is not applied to the
EPROM while the five volt supply is re-
moved. Set up the programmer swilches
for the program function and close the
isolarion switches for pins one through
cight of the test socket. With the desired
EPROM data loaded into the main memo-
ry source-area and the programmer in the
idle condition, bring up the 28-volt supply
and exccute the EPROM program soft-
ware. Afier the program runs, remove the
28-volt supply and set up the DIP and
isplation switches for verify. Run the ver-
ify software and if the EPROM contents
prove to be good, you have now suc-
cessfully programmed an EPROM and
the project has passed its final test. R-E
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