Test Instrument Project

Store Soft:

A 16-bit Logic Analyzer

Test instrument simplifies and speeds troubleshooting
of computers and other digital systems

By Desmond Stelling

nowing immediately what the
Ksoftware or hardware is doing

in a digital fixture—whether it
is a personal computer, digital con-
troller or another digital device—is
essential to good troubleshooting.
You can, of course, use a digital logic
probe or an oscilloscope to aid in
tracking down a problem. However,
the first won’t give you the whole pic-
ture and the latter can be confusing if
you’re dealing with more than eight
channels. The solution is to use a
logic analyzer, such as the Store Soft
described here.

Store Soft was designed to meet the
troubleshooting needs of the techni-
cian involved in repairing the 16-bit
breed of personal computer, though
it can be used with any other digital
system up to 16-bits. It acquires data
at a single address on a rising-edge
command and addresses from a data
word on a falling-edge command.
Therefore, it can be used to verify
that a program is incrementing
through its proper addresses. By
storing a known data word at a given
address, you can use the Store Soft
analyzer to verify if this address is be-
ing executed.

Store Soft can store one 16-bit
word from any computer or con-
troller. Acquisition rates can exceed
8 MHz with 100% reliability. Store
Soft simply compares incoming data

or address with switch settings (the
switches are in a single row on the
project’s front panel). When the data
or address agrees and a valid strobe
(trigger pulse) occurs, a latch driver
stores the corresponding address or
data and displays it via a row of
LEDs, also on the front panel.

About the Circuit

In Fig. 2 is shown the entire
schematic diagram of the basic Store
Soft analyzer, including its ac power
supply. Integrated circuits [C!
through IC4 are 54LS85 4-bit
magnitude comparators. (Note: You
can use either 54LS or 54S series TTL
devices in this project.) When all four
bits at AOQ through A3 to /C/ com-
pare with the other four input bits at
BO through B3, the output at pin 6
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goes high. The SO through S3 switch
arrangement on the inputs of /C/ set
up the least-significant-bit (LSB)
code for the code being compared.
Operation is identical for the /C2,
IC3 and IC4 circuits and switches,
which are identical to the /C/ circuit.

As data is rippled through the in-
puts, the outputs for /C/ through
IC4 compare as equal. When all four
outputs (at pins 6) are high at the
same time and a positive or negative
edge is present, latches /C6 and IC7
store the information present at their
inputs and selectively light LEDO
through LEDI5 to display the
unknown data. When the outputs of
all four 4-bit comparators (pins 6 of
IC1 through IC4) go high, 4-input
NAND gate /C5A is enabled and, in
turn, applies a low on the enable in-
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Fig. 5. Breadboard this 16-bit synchronous counter and use it to check out Store

Soft’s operation before putting it into service on your bench.

and all switches (except POLARITY
switch S7/6) on the front panel. Dim-
ple each marked location with a
center punch to prevent the bit from
slipping when you drill the holes.

Narrow rectangular slots are re-
quired for the entry holes for the buf-
fer pod cables. A nibbling tool will
speed and simplify making these
slots. If you don’t have a nibbler,
you’ll have to drill a series of inter-
connecting holes and use a file to ob-
tain the desired shape.

Drill the mounting holes for the
main circuit board and power trans-
former 7/. Deburr all holes and
thoroughly clean all exterior surfaces
of the box. Allow the box to fully dry
before painting it. For best results,
apply two or three light coats of spray
paint, allowing each to dry before
spraying on the next. When the paint
is completely dry, use a dry-transfer
lettering kit or other means to label
the LEDs, switches, jack and pod
cables (see lead photo). If you use
dry-transfer lettering, protect it with
two or more very light coats of clear
spray lacquer.

Line the pod cable slots with large
grommets and install a small rubber

grommet in the ac line cord hole to
protect the wires from fraying
against bare metal. Mount JI, the
fuse holder, LEDs (in panel-mount
grommets) and switches. Feed the

unprepared ends of the pod cablesin-
to the box through the slots. Mount
T1, placing a single-lug (un-
grounded) terminal strip under the
hardware of one mounting tab.

Strip % ” of insulation from the
unprepared ends of both ac line cord
conductors. Tightly twist together
the fine wires in both conductors and
lightly tin with solder. Pass this end
through its grommet into the box. Tie
a knot in the cord about 6" from the
prepared end and separate the con-
ductors for a distance of about 3".
Crimp and solder one primary lead
from the transformer and one line
cord lead to the lug on the terminal
strip. Then, referring back to Fig. 2,
complete wiring the primary circuit
of the power supply, connecting and
soldering the other line cord con-
ductor, fuse holder, POWER switch
and remaining transformer primary
lead in series.

(Continued on puge 90)

This is the interior view of the author’s prototype. Main circuitry is wire wrapped
on perforated board. The commercial power supply module shown was used be-
cause author had it on hand.
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Store Soft (from page 52)

Wire the LEDs and switches to the
circuit board with wrap wire or No.
22 hookup wire. To conserve space
on the circuit board, it’s a good idea
to connect one lead of R/ through
R16 to the ““X”’ lug on SO through
S15 and then wire the other leads into
the appropriate points in the circuit,
using hookup or wrap wire. Then, re-
ferring to both Figs. 2 and 3, wire the
pod cables to the main circuit board.

Mount the circuit board in place on
appropriate-length spacers. On the
inside of the box, liberally bead with
silicone cement the pod cables to the
grommets and the grommets to the
box walls to prevent the cables from
pulling loose from the circuit board.

Checkout and Use

Before putting Store Soft into service
on your test- or servicebench, it’s a
good idea to verify that it’s operating
as it should. This is fairly easy to do
with the help of four commonly

available ICs. What you need are
four 541.S163 binary counters bread-
boarded to form a 16-bit synchron-
ous counter, as shown in the circuit
configuration in Fig. 5.

To use the Fig. 5 circuit, you simp-
ly parallel both pod inputs and use
the counter’s system clock as the
TRIGGER input. Then, by increment-
ing the SO through S/5 switches one
at a time, the latch display (LEDO
through LEDI5) should agree with
every combination of switch settings.
If all switches arein the *‘X’’ position
(don’t-care state), the LEDs should
ripple count the same as the 16-bit
test counter.

Once you’ve verified that Store
Soft is indeed operating properly,
you can out it into service. This in-
strument is used exactly as you would
use any other digital logic analyzer.
The connectors on the buffer pod
cables can plug directly onto stan-
dard Wire Wrap pins or the pins on
an IC test slip. ME






