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But what of the quality?

There’s been a lot of media coverage
about the range of programming on
the new Pay TV networks, but very
little indeed on the actual image and
sound quality they’re delivering. We
asked Barrie Smith to see what he
could find out, and the results make
interesting reading. See page 22.

40MS/s Logic Analyser

If you need a logic analyser for trou-
bleshooting in digital circuits, com-
mercial models carry price tags start-
ing in the thousands of dollars and
rising rapidly — especially if you
want 32 input channels and sampling
at up to 40MHz. But you can now
build one yourself, for only a couple
of hundred dollars. See page 90...
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Construction Project:

C-B

ASED 32CH
DGIC ANALYSER - 1

PC-based test instrument designs make a lot of sense, because they can often deliver a high
order of performance at a significantly lower cost. Here’s a PC-based Logic Analyser which offers
32 TTL/CMOS input channels, sampling at up to 40MHz and fully maskable 32-channel trigger-

ing — all under software control.

by DAVID L. JONES and DAVID BULFONI

Although many readers of EA would
be aware of what a logic analyser is and
what it does, how many actually have
one — or have even used one?

I wouldn’t be surprised if I didn’t see
too many hands for the second part of
this question, and even fewer for the
first part. Why? Because the humble
logic analyser is quite an exotic, expen-
sive, and sometimes intimidating piece
of test gear.

Just what is a logic analyser, anyhow?
Well, the simplest answer is that it can
be considered as a bunch of logic
probes, all simultaneously capable of
reading digital data and storing it in
memory. The captured data is then dis-
played as a series of digital ‘waveforms’
which show the time relationship
between the digital input signals.

Some new (read expensive) logic
analysers also have very fast analog to

digital converters to provide an oscillo-
scope type display of what the actual
waveshape is, as well.

The main use of a logic analyser is
when you need to measure more than a
few digital input signals simultaneously.
In fact, nothing can really take its place
in this kind of situation.

With the proliferation of microproces-
sor controlled equipment these days,
debugging the hardware aspects of new
designs can be a nightmare without the
use of a logic analyser.

But what makes the logic analyser so
special, and better than an oscilloscope
and/or logic probe for some digital trou-
bleshooting? There are three main rea-
sons, the first being that the logic
analyser is capable of capturing single-
shot or ‘non repetitive’ data, that can’t
be viewed on a normal non-storage
oscilloscope. Of course, a digital storage

The author’s prototype for the new Logic Analyser. With 32 fully maskable input
channels and able to sample at up to 40MHz, it’s very suitable for trou-

bleshooting in many digital systems.
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oscilloscope is capable of capturing sin-
gle-shot digital events, but they are gen-
erally expensive and can only handle a
few channels at most.

The second advantage of a logic
analyser is that it can capture dozens
and even hundreds of channels at the
same time. This allows you to analyse
different events happening at the same
time, and shows the relationship of one
event to another. It also allows you to
analyse the data and address buses of
MiCroprocessors.

The third advantage is that a logic
analyser can be triggered on a certain
‘event’, or combination of input condi-
tions. For example, you can set it up to
trigger off a certain microprocessor
memory address, and capture the data
before and after that address is accessed.

As good as a logic analyser is, many
people still tend to use just a logic probe
and oscilloscope for digital trou-
bleshooting and circuit verification most
of the time. This is because a logic
analyser is generally quite ‘fiddly’ to
use and time consuming to set up, espe-
cially if you know exactly what the cir-
cuit is supposed to do.

But when it comes to multiple chan-
nel non-repetitive digital signals, the
logic analyser will become one of the
most valuable piece of test equipment
on your bench.

Projects for test equipment have been
very popular in EFA over the years —
which is not surprising, considering that
it’s one field where you can still make a
lot of your own equipment for much less
than the cost of commercial units. But
because of its cost and complexity, the
logic analyser has been the one notice-
able exception.

Commercial logic analysers tend to
start in the four-digit price range and
work their way up. One of the main rea-
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sons for the high price is that most com-
mercial units have their own screen and
firmware to drive it, which puts the
price out of the reach of the hobbyist —
and many organizations as well!

In fact, though, it’s not very difficult
to design your own logic analyser. The
basic operation is quite straightforward;
all that is needed is some memory, a
word trigger circuit and some simple
control logic. A standard PC can be used
to retrieve the stored information and
display the required waveforms.

So why hasn’t a simple logic analyser
design been published before? The main
reason is the sheer number of chips
needed. To be really useful, a logic
analyser must have many channels.
Eight or 16 channels is fine for simple
circuits, but if you’re dealing with
microprocessor buses, then 32 channels
is much more useful. So, although the
basic concept is simple enough, multi-
ply it by 16 or 32 channels and you have
a lot of circuitry!

New design

The new EA PC-Based Logic
Analyser (or PCLA) to be described
here, while being very simple in con-
cept, has most of the features required
for serious debugging of most digital
circuitry. It provides 32 TTL-level input
channels, as well as external clock and
trigger inputs. The external clock and
trigger inputs can be inverted under
software control. The trigger circuitry is
capable of setting each of the 32 chan-
nels to trigger off a HIGH, LOW, or

DON’T CARE condition. The trigger
signal can also be delayed by two, four,
or eight clock cycles.

There are seven different internal
sampling rates of 40MHz, 20MHz,
10MHz, 5MHz, 1MHz, 100kHz, and
10kHz. The maximum sampling rate is
40MHz internal and 20MHz external
(more about this later).

At the same time the project is simple
to construct, on one single-sided PC
board. It connects to a standard PC paral-
lel port, which controls all aspects of the
project. As such, there are no front panel
switches or controls. This also lowers the
cost of the project, as a control chip is
cheaper than a switch and wiring.

Two 34-way levered IDC header con-
nectors are used for the 32 input chan-
nels (16 each), along with the external

SPECIFICATION

Number of input channels: 32
Compatibility: TTL/CMOS
Control: Fully PC controlled

Sample Rate Intemal: 40, 20, 10, 5
and 1MHz, 100 and 10kHz

External: Up to 20MHz posi-
tive/negative (see text)

Latched trigger word/mask
Extemal — positive/negative
Intemal — 32 channels, fully
maskable

Optional glitch capture (see
text)

Address/data disassembly
Measurement cursors

External buffer/trigger
boxes

Triggering:

Software:

Options:

clock and trigger inputs. A five volt sup-
ply output is also provided on the con-
nector to allow the addition of external
level converter and buffer probes.

Types of analyser

Before we go any further, it’s impor-
tant to understand the two different
types of measurements a logic analyser
can make. One is called TIMING analy-
sis, and the other is called STATE
analysis. They both capture basically the
same information, but it depends on
what you want to measure that deter-
mines what mode you will use.

The simplest description is that TIM-
ING analysis is asynchronous to the
data being measured, and STATE analy-
sis is synchronous. In other words, TIM-
ING analysis uses an internal sample
clock independent of the circuit under
test, whereas STATE analysis uses a
sample clock from the circuit under test.

So why not just call the two type of
analysis internal or external clock? The
terms come from the way the captured
data is interpreted. In TIMING mode,
you can actually measure the TIME dif-
ference between two data points or
events, exactly like an oscilloscope. In
STATE mode you are looking at what is
happening in the circuit as it changes
from one state to another, in step with the
master clock from the circuit under test.

STATE analysis does have one disad-
vantage, in that it is difficult (read ‘com-
plex and expensive’) to design the logic
analyser to match the delay of the sample
clock and the data. This is important
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A PC-Based 32Ch Logic Analyser — 1

when measuring at high speed, because if
the clock that latches the incoming data
for storage is a little too late or early, then
the data may no longer be valid.

This is why logic analysers usually
have a lower specification for STATE
analysis than that of TIMING analysis.
This design is no exception, and as such,
the recommended upper sampling rate

in STATE mode is half that of TIMING
mode. (More about this later, t0o.)

Design background

When I set about to design my own
logic analyser using discrete 74xx series
combinatorial logic, it became clear that
a minimum of three chips was needed for
each group of eight channels, just to store
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and retrieve the data — plus a minimum
of five chips per eight channels, for a
fully maskable word triggering circuit.

I really wanted a 32 channel design,
so this meant a total of over 32 chips —
and when you include the control logic,
it’s getting close to 50 or so chips! This
might not seem so bad, but when you
consider that a good number of the
chips need to be connected with parallel
8-bit buses, the PCB design and size
becomes a nightmare...

I tried to break the design down into
separate PCBs that would handle 8-bits
each, but even then, each PCB has to be
a quite dense double sided plated-
though board. It became clear that it was
just not possible to build a low cost,
easy to build logic analyser using nor-
mal 74xx logic. The sheer number of
chips and the complex double sided
PCB(s) simply ruled it out.

So how has this design done it? A com-
plete 32 channel fully mask triggerable,
40MHz, delayed triggering, PC con-
trolled logic analyser that fits onto ONE
self-contained single sided PCB? OK, so
the design doesn’t use all discrete logic,
but I’'m sure you’ll agree it was worth it.

Programmable chips

If you take a look at the main circuit
(Figs.1 and 2), you’ll see how the design
has been compressed onto a single sided
PCB. Three Lattice Semiconductor
large scale integration (LSI) program-
mable logic devices (PLDs) have been
used for most of the control circuitry
and all of the maskable trigger circuitry.

The Lattice 1016 PLD’s contain the
equivalent of about 2000 standard logic
gates. They are also fully in-system pro-
grammable, which means that they can
be re-programmed whilst in circuit
using a dedicated serial bus. This feature
is not included in this design however.

The good thing with this arrangement
is that virtually no hardware is required
to program the devices, they are simply
connected to a 5V supply and connected
to a normal PC parallel port. They are
then programmed using the download
software available from Lattice.

There are actually two versions of the
LSI device. One is the ispLSI1016 which
is in-system programmable, and can be
reprogrammed over a 1000 times. The
other is the LSI1016 which must be pro-
grammed with a commercial program-
mer, and is only programmable once.
There is a substantial cost saving by using
the one-time programmable LSI1016, but
if you program it incorrectly or want to
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! The circuitry inside the control circuit PLA (IC16), in block
form. Most of the inputs to this chip come from the PC.

modify it, then you’re up for the cost of a
new chip! So here it is preferable to use
the reprogrammable ispLSI device...

The bottom of the range 1016
(ispLSI1016-80) is rated at 80MHz,
which is more than adequate for our
40MHz application.

Most of the 44 pins on the 1016 are
programmable as either inputs or out-
puts (or both) — which provides flexi-
bility in PCB design, and is the main
reason why the design can be fitted onto
a single sided PCB.

The use of PLDs also reduces the cost
of the project, even if you just take into
account the cost of the chips that they
replace. This is not to mention the cost
saving on the PCB.

However, the other great advantage of
PLDs over discrete logic is that if you
have multiple gates connected in series,
the total propagation delay is much
smaller with the PLD. This is because
the PLD connects all the gates together
very closely on the same piece of sili-
con. Whereas with discrete logic, the
propagation delay increases proportion-
ally with each gate added.

This aspect of PLDs is very important
for the trigger circuit, as the final trigger
signal has to have passed through about
seven gates before it registers the ‘trig-
ger’ in the trigger latch. Even using very
fast and expensive ‘74F’ series logic, it
would be hard to make a 40MHz
analyser. But the PLDs lower this prop-
agation delay to effectively two gates.

Fully pre-programmed PLD devices
for this project are available (see else-
where), or you can program and modify

your own devices using the low cost
(about $150) PDS LSI starter kit, avail-
able from Lattice Semiconductor deal-
ers. Full internal schematics are provid-
ed here, and the actual LSI design files
are available for downloading via the
EA BBS or on disk from the EA Reader
Information Service.

Circuit description

The main schematic of the discrete
logic can be broken down into four main
sections. The first section is the parallel
port interface, comprising ICs 1 and 2
(Fig.1). These 74HCT259 devices are 8-
bit addressable latches, which are used
to give a total of 15 control lines to
operate the PCLA. This was required
because the parallel port only has 12
output lines, which was not enough for
the functions I wanted to add. They also
have one other purpose in that they pro-
vide a debounce function for all of the
control lines. This is needed to make the
lines immune to ‘ringing’, which can
cause multiple clocking on those lines
that are used as clock inputs. ;

It would have been nice to incorporate
the functions of IC1 and IC2 into the
main control LSI, but the lack of addi-
tional internal resources forced the use
of external chips. Anyway, you didn’t
want EVERYTHING to be inside those
little square chips, did you?

The second section of the circuit is the
clock generation and selection section,
comprising ICs 3, 4, and 5. The purpose
of this section is to provide a range of
clock frequencies which can be used as
the sample clock in TIMING mode.

Alternatively, an external clock can be
selected, for use in STATE analysis
mode. The 74HC390 devices used in the
divider stage are dual decade counters.
Actually, each four bit counter consists
of a separate /2 and /5 counter. The out-
put of the /2 counter is tied to the clock
input of the /5 counter to produce a
decade counter.

A TTL crystal oscillator module is
used to generate the 40MHz master
clock which is fed to the first clock input
of IC4a, to produce 20MHz and 10MHz
clock outputs on pins 3 and 5 respec-
tively. The 10MHz clock then clocks the
next counter, which gives outputs of
SMHz and 1MHz; and so on with IC3,
which generates a 100kHz and 10kHz
clock. The PCB can cater for both 8 pin
and 14 pin oscillator modules.

All of these clock frequencies are fed
into IC5, a 74AC151 8-channel multi-
plexer controlled directly from the PC
with control lines CSO, CS1, and CS2.
The multiplexer generates both normal
and inverted outputs of the selected
clock signal, CLKA and CLKB. The
polarity of the output makes no differ-
ence in TIMING mode, because the
clock is asynchronous with the input
data. But in STATE mode, when the
external clock input is selected, the
polarity is important as this determines
what edge of the clock the data will be
sampled on.

A 74HC151 can be used instead of
the AC series device is desired, but the
HC device will provide greater ‘skew’,
or delay between the external input
clock and the actual sampling of the
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data. This may be of consequence
when operating in STATE mode at
greater than 10MHz or so.

Although many brands of the 74HC390
counter (IC3, 4) are not ‘guaranteed’ to
work at 40MHz, most have a typical
operating frequeny of S0MHz. I haven’t
found one yet that won’t work in this cir-
cuit, but this may be something to watch
out for. The 390 is not readily available in
a higher speed version.

The third section of the circuit (Fig.2)
is the input buffering, latching, and stor-
age section comprising the four 8-bit
latches (ICs 6 to 9) and the four 32KB
SRAMs (ICs 10 to 13). The latches are
74ACT574 octal positive edge triggered
tri-state latches. The 574 is functionally
identical to the more common 374, but it
has the data inputs and outputs on oppo-
site sides of the chip — which made the
PCB layout easier. The ACT series is
essentially a low power CMOS version
of the FAST series used in very high
speed designs. 74HCT574 devices can
be substituted for the ACT devices if
necessary, but the HCT574 is not guar-
anteed to work at 40MHz.

ACT devices should be used instead of
AC devices, as this provides compatibili-
ty for both CMOS and TTL inputs.

The 100k pull-up resistor on each input
line is used to keep unused inputs from
‘floating’, which may cause undesirable
effects. This also sets the effective value
of the input resistance.

The latches capture the input data on
the positive edge of the clock input,
which is common to all four 8-bit latches.
During sampling, the tri-state latches are
permanently enabled by bringing the
common enable line low. This also means
that the RAM outputs must be disabled
during sampling, otherwise both the
latches and RAMs will be outputing data
at the same time. To do this, the OUT-
PUT ENABLE line of the RAMs must be
held high during sampling (the inverse of
the latch enable line).

Writing the data into the RAMs is
accomplished when the WRITE
ENABLE line of the RAM is LOW.
This must occur some time after the data
has been latched, to allow for the propa-
gation delay of the data through the
latches. This is easily accomplished by
tying the latch clock to the WE of the
RAM. In this way, the data is latched
and allowed to settle on the positive part
of the clock, and then written into the
RAM on the negative part of the clock.

During data retrieval the latch outputs
are disabled (tri-state) and the RAM out-

puts enabled, which enables the data to be
read back through the trigger LSI chips
which are also connected to the data bus.

The SRAMs used here are the same
32KB cache RAMs as used on PC
motherboards, so there should be little
problem obtaining them at a very rea-
sonable price. The RAMs should have
an access time of 20ns or less. 25ns
SRAMs have not been tried, but should
work from looking at the data sheet.

The fourth section of the circuit is the
power supply (Fig.1), which comprises
a 2155-type 8.5V transformer whose
output is full wave rectified by the
WO4 diode bridge and filtered by CI.
A 7805 regulator provides a regulated
5V at 500mA, as required by all of the
digital circuitry.

The current consumption will depend
on the brand of SRAMS used, as different
types can range from 50-100mA or more
per chip. A small finned TO-220 heatsink
must be used for the regulator, to provide
adequate heat dissipation. A larger
heatsink may be required depending on
the voltage at the input to the regulator.

The rest of the circuitry is contained
within the three LSI chips (Fig.2), which
we’ll now look at more closely.

LSI control chip

The main control LSI (IC16) contains
all of the control circuitry required to
operate the PCLA. Most of the inputs to
the LSI come directly from the PC, which

Getting the PLDs

and Software

The designers of this project have gener-
ously provided the internal coding for the
PLD chips used in the design, for us to
make available for readers wishing to pro-
gram their own devices. The necessary
files will be available on the EA Reader
Service BBS for free downloading, and will
also be available by mail for those who
prefer to send a formatted HD 3.5” floppy
disk, plus a cheque or money order for
$7.50 (made out to Electronics Australia) to
cover copying and return postage.

Alternatively, for those who prefer not to
program their own chips, a set of three pre-
programmed LSI1016 PLD devices will be
available from Tronnort Technology, of 12
Copeland Road, Lethbridge Park NSW
2770. The set of three programmed chips
is priced at $55 including postage.

Tronnort Technology can also supply the
PC software needed to control and run the
Logic Analyser, for only $35 including
postage.

The software and programmed PLDs can
be purchased together, for a discounted
total cost of $80 including postage.
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has control over the functionality of the
entire project.

The circuitry inside IC16 is shown in
Fig.3, and can be broken down into six
main functions :

1. Clock polarity selection, which is sim-
ply a two-input multiplexer which selects
either CLKA or CLKB from ICS. The
CLKSEL input comes straight from the
PC. The output of the MUX (SCLK) pro-
vides the main sampling clock for the rest
of the circuitry.

2. The trigger logic section, which does
two things. The first is to select either
the internal trigger from the trigger
LSIs (EQ1 and EQ?2), or the external
trigger signal (EXTTRIG) from CNI.
The TRIGSEL line from the PC is used
to select either of those signals. AND
gate Al is used to combine the trigger
signals from the two trigger chips,
effectively creating a 32-channel AND
gate. The MUX output is then fed into
controlled inverter X2, a 2-input XOR
gate. The trigger polarity signal
(TRIGPOL) from the PC either inverts
or buffers the TRIGOUT signal to
always produce a positive-going mas-
ter trigger signal called TRIG.

3. The trigger delay section. This takes
the TRIG signal, along with SCLK, and
can delay the trigger signal by 0, 2, 4 or 8
clock cycles. A 4-input MUX selects
which of the four delay settings will be
selected, using control lines TDO and
TDI1 from the PC.

A delay of zero is chosen by just feeding
the TRIG signal straight into the MUX.
The other delay times are generated by a
four-bit counter, which is incremented by
SCLK only when the TRIG signal is
active (HIGH) by virtue of AND gate A2.
The counter is automatically reset when
the TRIG line goes low, which restarts the
delay counter ready for next time.

(The name TRIGGER DELAY is a bit
deceiving, as the trigger signal is not
always ‘delayed’. If the trigger signal
does not stay high for the duration of the
delay time, then the trigger signal is
ignored. This can be used to stop spurious
signals from triggering the analyser.)

4. The RAM address counter, which as
the name implies generates the address
for all four of the RAM chips. It acts as a
15-bit circular counter, which means it
never gets reset. This is to allow the data
to slowly overwrite itself, which is need-
ed to provide the PRE- and POST-trigger
capability. The counter is of the synchro-
nous type, which ensures that all of the
outputs change at once.

5. The 15-bit post trigger counter, which
is effectively a divide by 32,768
counter. The 15th output line goes high
16,384 counts after the trigger event,




which stops any further sampling. This
allows the RAM to be half filled with
data before the trigger event, and half
after the trigger event.

6. The main control logic, which coordi-
nates all of the above sections to provide
the functionality of the logic analyser.

To understand how it all works, let’s
start by assuming that the ARM control
line from the PC is high. This resets the
post trigger counter and the RS flip-flop,
which we’ll call the trigger latch. The
SET input of the trigger latch is held low
by inverter 12 and AND gate A3. The
trigger latch will therefore ignore all trig-
ger signals coming from the trigger delay
section via the TMOUT line.

With the trigger latch held in the reset
state, the Q output (TRIGLTCH) disables
NAND gate N2, keeping the output
(PCLK) high. Because the post trigger
counter is not incrementing, the End Of
Sample (EOS) line will never become
high. This will allow the sample clock
(SCLK) to pass through NAND gate N1.

Assuming that the PC is keeping the
manual address increment line (INC)
low, the GCLK signal is fed straight
through XOR gate X1, supplying the
sample clock to the RAM address counter
and the RAM write line RAMWR.

What this all means is that when the
PC keeps the ARM line high, the PCLA
is continuously writing data into the
RAM, overwriting any previous data
once the RAM address wraps around to
the start again.

The CLK line of the input latches is
connected to the RAMWR line. This
allows the data to be latched on the posi-
tive edge of this clock and written into the
current address of the RAM on the nega-
tive half of the cycle.

The RAM will continue to be filled
with data, and when the address counter
reaches 32,767, it will just loop back to
the first address and continue to overwrite
the old data in the RAM. This is called
PRE TRIGGER sampling, as all of the
current data in the RAM is before (or
PRE) the trigger point. Effectively, you
(and the software) never know, nor care
what the current RAM address is; all the
software needs to know is that there are
32,768 addresses.

The PC must keep the ARM line HIGH
long enough for the entire RAM to be
filled. This is to ensure that no data is left
in the RAM from a previous aquisition.
The software handles this automatically
when using internal sampling as it knows
the sampling rate and can thus determine
the delay needed.

But when using an external clock, the
PC has no way to know the sample rate
and just adds a delay of one second.
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Fig.4: The circuitry inside each of the two trigger circuit PLAs (IC14 and IC15).
Each chip provides a 16-channel fully maskable triggering circuit plus a pair of
8:1 data multiplexers, which are used to feed the sampled data back to the PC.
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This delay is enough to handle a mini-
mum external clock rate of 32kHz; any
less than that, and you will have to man-
ually hold off the trigger until the
required time is reached.

When the PC sets the ARM line LOW,
the PCLA can now accept a trigger signal
by virtue of gate A3 being enabled. If
both the EQ1 and EQ2 inputs go high,
this means the input data has matched the
trigger data in the two trigger LSIs, and a
trigger condition is satisfied. Assuming
internal trigger has been selected by the
TRIGSEL line, the trigger signal
(TRIGOUT) will go high and pass into
A2 (TRIG). The trigger inverter X2 is
only used for external trigger mode.
When internal triggering is selected, the
TRIGPOL line must be held low.

The TRIG signal enables the 4-bit
trigger delay counter by removing the
reset signal from inverter I3. The trigger
delay counter is now able to be clocked
from the sample clock via AND gate
A2. The amount of trigger delay is set
by the trigger delay MUX lines TDO
and TD1. If the first channel is selected
(zero delay), then the TRIG signal
bypasses the trigger delay counter and
passes straight into TMOUT.

The other three channels select a trig-
ger delay of either 2, 4, or 8 clock cycles.
After the trigger signal enables the trig-
ger delay counter, it starts to count up
until the TRIG signal returns LOW. If
the TRIG signal stays HIGH long
enough for the counter to reach the value
chosen by the MUX, then the TMOUT
line goes HIGH and the trigger delay
time period has been met.

When a trigger signal is received on
the TMOUT line, the Q output of the
trigger latch is set HIGH. This enables
N2, which then supplies the sample
clock signal to the post address counter.
The PCLA is now said to be in the POST
sampling mode. The post counter starts
counting until it reaches 16,384, at
which point the EOS line goes high —
disabling N1 and N3, and stopping any
further sample clocks from reaching the
address counter or post counter.

The PCLA is now in End Of Sample
mode, which the PC can detect by read-
ing the EOS line on pin 15 of the parallel
port. The RAMWR signal is now high,
which puts the RAMs into READ mode.
The RAMOE line is also low, which puts
the data latch outputs into tri-state mode.

The PC is now able to read back the
data from the RAMs, using the INC line
to increment the RAM address counter.
The RAM address counters are never

reset when End Of Sample mode is
reached, which means the first sample the
PC reads back will be the oldest data
sample in the RAM. The PC will contin-
ue to read the rest of the data until it
counts to 32768, at which point the data
will be the most recent sampled. The
16,384th data sample will be the trigger
point.

After all of the data is retrieved, the PC
sets the ARM line back high again, which
restarts the whole cycle.

The PCLA therefore has three different
modes of operation: ARM mode, where
data is continuously sampled; POST
mode, when the PCLA has been trig-
gered; and finally End Of Sample mode,
when the PC retrieves the data.

LSl trigger chips

Each trigger LSI chip (IC14, 15) com-
prises all of the circuitry for a complete
16-channel fully maskable triggering cir-
cuit, as well as two 8-bit multiplexers.
One LSI is used for each group of 16
input channels. The internal schematic
(Fig.4) is purely for the purpose of show-
ing the functionality of the circuit, and
does not necessarily match the actual
internal layout of the LSI. This is because
the LSI compiler is given Boolean equa-
tions, which it then generates into the
most usable form for use within the LSL.

The purpose of each trigger LSI is to
allow the software to individually invert,
and mask (turn off) each of the 16 data
inputs. This allows it to generate a trigger
signal when the input data matches the
exact data specified by the PC software.

Both trigger LSIs have exactly the
same circuitry, but they do differ in their
pinouts, and so are not interchangeable.

The internal circuit of each trigger

LSI can be broken down into five sep-
arate sections:
1. The mask storage section, which con-
tains two 16 bit cascaded serial-in paral-
lel-out shift registers. This is effectively a
32-bit shift register fed from the PC via
one data and one clock line. There is no
need for a reset line, as the unwanted bits
just ‘vanish’ off the end of the register
when new data is pushed in. The PC is
therefore able to directly write the
required trigger mask information to each
of the 32 outputs.

The first 16 outputs are used for
masking each of the 16 channels in the
sequence shown. Likewise for the sec-
ond lot of 16 outputs, which are used
for generating matching data for word
comparison.

2. The invert comparators or word com-
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parison circuit, which is simply 16 2-input
exclusive-NOR gates, each of which acts
as a 2-bit comparator. One XNOR gate is
used for each of the 16 input channels.
Input data is fed into one input of the
XNOR gate (from the data lines, via the
output MUX section) and the correspond-
ing data line from the shift register is fed
into the other input. If the data from the
data register matches the input data, then
XNOR gate will give a positive output.
Likewise, if the register data does not
match the input data, the XNOR output
will be low. If all of the inputs match the
16-bit data on the data register outputs,
then all of the XNOR outputs will be high,
which signifies a match.
3. The masking array. Here the 16 chan-
nels from the comparator array are fed
into 16 corresponding OR gates, along
with the corresponding outputs of the
mask shift register. This allows the PC
software to individually mask out (or turn
off) each of the 16 channels. A high out-
put from the mask shift register will make
the corresponding OR gate output high
regardless of the data input. A low output
from the mask register will allow the OR
gate to pass the input data unaffected.
(Masking out a channel effectively
‘matches’ that input channel regardless of
the incoming data. This allows the soft-
ware to ignore certain input channels, and
only trigger off the desired channels.)
4. The grouping array. This is effectively
a 16-input AND gate, which generates a
positive trigger signal EQ when all of the
16 channel inputs match the data register
and/or are masked.
5. The data output MUX section. This
final section comprises two 8-input multi-
plexers which are fed directly from the
trigger LSI’s data inputs (connected to the
PCLA’s internal data buses). The MUXes
allow the PC to read back data captured in
the RAMs. Each multiplexer handles 8
bits of data from its associated 16-bit data
bus, and sends a single bit at a time direct-
ly back to the PC. Bit selection is handled
by control lines DSO, DS1 and DS2,
which come directly from the PC, and are
common to both multiplexers.
The four multiplexed data lines DOO-
DO4 (two from each LSI) are fed directly
back to the PC parallel port on pins 10, 11,
12 and 13. The software therefore
retrieves one bit of data from four chan-
nels at the same time. Eight more read
operations are required at the same
address in order to read all 32 channels.
Hopefully the foregoing should give you
a good idea of the way the new PC-
Driven Logic Analyser works. In the sec-
ond of these articles, we’ll describe its
construction and use.
(To be continued.) <
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No ordinary CD player

This month Louis Challis has been
testing the new Onkyo Integra DX-
. 7911 high-end CD player, which
incorporates technology claimed to
eliminate jitter and offer dramatical-
| Iy improved tracking. His test results
confirm that this is indeed no ordi-
" nary CD player — see Louis’ review,
| which starts on page 12.

: An eye for your PC...

The new Compro D-Cam digital cam-
Lera is relatively low in cost, and
hooks up very easily to your PC via
‘the Centronics printer port — so
there’s none of the usual hassles with
IRQ’s, DMA’s or I/O address con-
flicts. It takes quite respectable 640 x
480 pixel colour images, too, as
Graham Cattly found when he tried
one out this month. You'll find his
Lreview starting on page 18...

Video and Audio

8 CONSUMER VIDEO IS GOING DIGITAL With a big jump in performance!
12 THE CHALLIS REPORT Onkyo’s impressive Integra DX-7911 CD Player
24 WHAT’S NEW IN VIDEO & AUDIO LCD projector has 800 x 600 resolution

Features

MOFFAT’S MADHOUSE Happy birthday, Windows 95!
18 COMPRO’S D-CAM DIGITAL CAMERA  Hooks up easily to your PC...
20 HFC NETWORKS & BROADBAND COMMS -1  Start of a new series
26 DEEP SPACE PABX Australia’s Tidbinbilla Tracking Station -
30 THE NEW RPI MODEMS: A CAUTIONARY TALE You’ll need a fast PC!
38 WHEN I THINK BACK... Maxwell Howden, pioneer & crystal expert (1)

Prolects and Technical

AUTOMOTIVE ELECTRONICS The CIE 8088 handheld Automotive Meter
42 THE SERVICEMAN Biggest repair and reconditioning job of all time?
47 EXPERIMENTING WITH ELECTRONICS Exploring CMOS gates (2)
56 CIRCUIT & DESIGN IDEAS ADC supports 256 inputs; battery charger cutoff
58 ‘MIRACLE’ AM ANTENNA Listen to distant stations with this low cost unit
62 HIGH ISOLATION CURRENT ADAPTOR Uses new Hall-effect sensor...
70 IMPROVED 24-LINE I/0 CARD FOR PC’S Revamp of a popular design
77 REVIEW: TEK’S NEW TDS 220 SCOPE Low cost, tiny but high performance
80 A PC-BASED 32CH LOGIC ANALYSER -2 Construction, testing & use
86 VINTAGE RADIO The Astor ‘Mickey Mouse’ and its descendants

Columns and Comments

4 LETTERS TO THE EDITOR Optical Doppler, memories of Ferris Bros

5 EDITORIAL VIEWPOINT New series starting, on HFC networks & broadband
51 SHORTWAVE LISTENING Satellites ahead of many listeners...
92 INFORMATION CENTRE Keeping you informed on hassles with a laptop

Departments

BOOK REVIEWS 130 DIRECTORY OF SUPPLIERS
96 MARKETPLACE 130 ADVERTISING INDEX
98 EA HISTORY, CROSSWORD 115 EA SUBSCRIPTIONS OFFER

22 NEW KITS FOR EA PROJECTS 7,97 NOTES & ERRATA

On the cover

The new Tektronix TDS 220 and its
60MH sibling the TDS 210 look set
1o woo many low-end scope buyers
away from traditional analog mod-
els, as Tek has effectively halved the
iprice of DSOs while simultaneously
upping performance and reducing
size by about 75%. See our review on
page 77. (Photo by Phil Aynsley)

Professional Electronics

100 NEWS HIGHLIGHTS Philips shows new 42" flat-screen TV at CeBIT Home
104 SOLID STATE UPDATE [16Mb SDRAM for PC graphics; SM power MOSFETs
106 SILICON VALLEY NEWSLETTER Toshiba laser writes 15GB on a DVD side
108 SHORT HISTORY OF PACKAGED POWER SUPPLIES As told by Kepco...
111 POWER SUPPLY & CONDITIONING PRODUCTS Some recent releases
112 NEW PRODUCTS CCD camera on a fibre cable; handheld GPS navigator

116 QUEENSLAND FEATURE: Another good year for Griffith University’s IAP
120 QUEENSLAND FEATURE: The latest products & services, supplier listing
126 COMPUTER NEWS & NEW PRODUCTS Half-sized Pentium CPU card
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Construction Project:

A PC-BASED 32CH

LOGIC ANALYSER - 2

Here’s the second of two articles describing this new instrument, which offers sampling at up to
40MHz and fully maskable 32-channel triggering — all under software control. In this article the
authors cover its construction, testing and use.

by DAVID L. JONES and DAVID BULFONI

The PCLA has been designed to be as
easy to assemble as possible. All of the
components, with the exception of the
D25 connector, transformer, and two
LEDs are mounted on a single sided
PCB measuring 230mm x 115mm.

The project is neatly housed in an
instrument case measuring 260 x 180 x
65mm. The PCB is butted up against the
front panel, to allow the right-angle
mounting test probe connectors to pro-
trude from the front panel, eliminating
any internal cabling. The only other
components mounted on the front panel
are two LEDs — one for power, and the
other for data indication. A combined
IEC mains input connector and fuse-
holder, along with a DB25 connector for
the cable to the PC, are the only items
mounted on the back panel.

After checking the PCB for the usual
etching problems, work can commence
on PCB assembly by installing the 50 or
so wire links required. It pays to keep
some of the longer links as straight as
possible, to make the board look much
neater. Take note of the angled link
between the crystal and IC5.

Install the three resistors and five
resistor packs next. Don’t confuse RP1
(1k) with the other four 100k networks,
and be sure to match the ‘common’ end
of each network with that marked with a
square on the overlay.

Now come all of the IC sockets. It is
highly recommended that all of the ICs
be mounted in sockets, especially the
input latches and the RAMSs. Using
sockets, the repetitiveness of the circuit
will make troubleshooting much easier
at a later stage. About the only IC’s
which aren’t either expensive or con-
nected to an outside circuit which can
cause damage are ICs 3, 4, and 5.

It may be difficult to obtain the 28-
way ‘skinny DIP’ sockets required for
the RAMs, but in this case two 14-pin
sockets can be connected end to end. In

fact, two 14-pin sockets may also be
cheaper than one 28-way one.

The three 44-way PLCC sockets rate a
special mention. Due to Murphy’s law, it
is extremely easy to solder in a PLCC
socket the wrong way around! A PLCC
chip will only go into the socket in one of
the four possible orientations, so it is vital
to get the socket around the correct way.

The PLCC socket has a bevelled edge
on one corner, and this must match the
bevelled edge on the component over-
lay. Also make sure that all of the pins
protrude through their holes. If you are
using a homemade PCB and drill a few
holes off centre, then it can be very frus-
trating trying to insert the socket!

Install all of the capacitors next, with
the exception of C1. Watch the orienta-
tion of the two tantalum capacitors.
Also install the five PCB stakes and
bridge rectifier.

Next comes the three IDC connectors
CN1, CN2, and CN3. The best way to
install CN3 is to keep the header plug
attached to the header pins. This will
keep the header pins straight and
aligned while they are being soldered.
CN1 and CN2 should also be bolted to
the PCB with M2.5 nuts and bolts. This
will stop pressure from being exerted on
the solder joints when the test probe
leads are connected and disconnected
from the front panel.

Lastly, install C1 and the regulator.
Bolt the regulator and heatsink to the
PCB before soldering the leads.

Attention can now be turned to the
mechanical side of things. If you don’t
have pre-punched panels, then cutouts
will need to be made for the mains con-
nector, DB25 connector, the LEDs and
probe connectors. The only cutouts
which will need alignment are those for
the probe connectors. The probe cutouts
can extend down to the bottom of the
panel if you wish, but some may prefer
to take a bit more time to make the
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cutouts only just big enough to accept
the connector.

Holes will also need to be drilled for
the PCB and transformer. The PCB
should be as close to the front panel as
possible, to allow the probe lead con-
nectors to extend out. The PCB is just
wide enough to fit between the two front
support posts.

The transformer should be mounted in
the middle of the back part of the case,
with the mains input towards the rear
panel. Securely connect the transformer
frame to the main earth pin on the IEC
socket. All mains wiring connections
should be properly insulated with elec-
trical tape and heatshrink.

Connect the 8.5V winding of the
transformer to the AC input pins on the
PCB, and connect the LEDs to their
respective PCB pins.

The LEDs can now be wired to the
PCB. Only three wires are required for
this, one for the anode of each LED and
their common ground connection. The
cathode of both LEDs will have to be
connected together on the front panel
and connected to the ground lead.

Finally, assemble the IDC female
DB25 connector and 26-way IDC head-
er to a short length of ribbon cable, just
long enough to connect from the PCB to
the rear panel.

Before installing any of the ICs, apply
power and ensure that 5V is available on
the supply pins of each IC socket. The
power LED should also be on.
Disconnect the power, and install all of
the ICs — paying close attention to the
correct orientation. Be sure to use rele-
vant anti-static procedures to avoid
damaging any of the ICs. The LSI
devices will be labeled ‘LACC’,
‘LATCI’ and ‘LATC2’. Ensure that
these devices are installed in their cor-
rect sockets as follows: LATC]1 is IC14,
LATC2 is IC15 and LACC is IC16.

Carefully check the orientation of




each LSI device before pushing it down
into the socket. The bevelled corner on
the chip must match the bevelled corner
on the socket. Trying to force the chip in
with the wrong orientation may damage
the IC and socket pins.

Re-apply the power and check the 5V
supply rail on all of the chips. If the
heatsink gets overly hot, then something
may be loading down the supply. If this
is the case, then it is likely to be a PCB
short somewhere. Start by removing the
ICs one by one and repowering until
you track down the fault.

Assuming that the hardware hasn’t
gone up in smoke, it’s time to connect
the PCLA to the PC. Use a 25-way
ribbon cable with a DB25 IDC male
on one end, and a DB25 IDC female
on the other end. In fact, it is best to
make up a ‘universal’ cable with both
female and male DB25 connectors and
a 26-way IDC DIL header on each
end. This will also you to use the cable
for all sorts of other projects as well.
The cable should be kept as short as
possible, with an absolute maximum
length of about two metres.

Probe construction

One of the most difficult and expensive
parts of building a logic analyser would
have to involve the test probes. Unlike an
oscilloscope or multimeter, the PCLA
has 32 inputs, and if you want to fully use
all 32 channels, then you will have to
make 32 or more test probes!

Like most commercial logic analy-
sers, the PCLA uses levered dual row
IDC header connectors for the probe
inputs, which provides a low cost and
compact solution. Unfortunately, there
is no standard pinout or connector size
for logic analysers. Almost every manu-
facturer uses their own custom pinout,
so don’t rush out and buy a set of Joe
Blow logic analyser probes...

The PCLA has two 34-way connec-
tors which provide all of the 32 channel
inputs, external clock, external trigger,
ground and an external +5V supply sig-
nals. The front panel label shows the
pinouts of the two connectors. The
pinouts are the same for pins 1-32 on
both connectors, but pins 33 and 34 dif-
fer. One connector provides the clock

and trigger inputs, while the other pro-
vides a +5V output on both pins.

So what kind of probes do you need?
It all depends on what you want to mea-
sure. The photographs show two of the
most common types of probes. One of
them uses a commonly available 16-
way DIL test connector, which simply
clips over a DIL IC in-circuit. This sort
of probe is useful for quick testing of all
the pins on a single IC.

The prototype of this probe used 8-
way SIL header connectors to allow
easy disconnection of the test head. The
SIL connector can then be used as a test
head in its own right, but this makes it
rather difficult to connect an external
clock to one of the pins. If you need to
easily connect the external clock, then it
is much simpler to solder the wires
directly onto the test head pins. This
allows you to connect a clock line using
an EZ-HOOK.

It might be wise to make up a 28-way,
20-way, 16-way and 14-way version of
this test head, for general testing of ICs.
With 32 channels available on the
PCLA, two 16- or 14-way test heads can

Inside the new Logic Analyser. Thanks to the use of three preprogrammed PLD chips, everything fits on a singie-

sided PC board. The input probe leads connect directly to the two 34-

left, which protrude through the front panel.

way IDC DIL connectors visible at the upper
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Use this overlay diagram as a guide, along with the interior photo, when you
are wiring up the PCB for your own analyser. The author recommends that
sockets are used for all ICs, and suggests that you take particular care with the
orientation of the sockets for the PLD chips IC14, IC15 and IC16.
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be used at the same time.

When making one of these connec-
tors, it is recommended to match the
actual IC pin number with the corre-
sponding input channel on the PCLA
connector. This just makes it a lot easier
to remember which input goes to which
pin, when using the software.

The other photograph shows a 16-
channel EZ-HOOK test probe. I actual-
ly had a good quantity of these pre-
made leads in my junk box from an old
logic analyser, complete with ‘claw’
type EZ-HOOKs. They used 10-pin
header connectors, so I just snipped off
the connector and attached the individ-
ual leads to a short length of ribbon
cable. The probes are arranged in the
resistor colour code sequence to aid in
identification.

You can make your own EZ-HOOK
probes using a 34-way IDC DIL header
plug, about 300mm of ribbon cable and
a few dozen EZ-HOOKS. It’s a simple
matter of connecting the IDC connector
to the ribbon cable, and then connecting
an EZ-HOOK to each input wire.

When splitting the cable into individ-
ual wires, leave a ground wire attached
to the side of each input wire — but you
don’t have to connect anything to the
ground wire at the test end. Usually only
one ground wire is enough to connect to
the circuit, although you can make up
extra ground leads if you like. Also
make up leads for the external clock and
trigger inputs.

If you don’t use multi-colour cable,
then you will have to label each test
probe with the corresponding input
channel number on the PCLA. Note that
standard ‘rainbow’ cable is not compat-
ible with IDC header connectors. You
can also use the multi-colour ‘twisted
pair’ ribbon cable like many commer-
cial units do, but this cable is rather
more difficult to obtain.

The type of EZ-HOOK used is quite
important. I don’t recommend the cheap
type with just a *hook’ on one end. These
are not really designed for attaching to IC
leads; their large size only makes them
suitable for resistors and the like. To be
useful, you really need the type with a
‘claw’, which can securely grab an IC
lead with little chance of slipping off
and/or shorting two pins. These type
aren’t exactly cheap, but then again it’s
never going to be cheap to build a logic
analyser probe! If you want to make a
good range of test probes, then be pre-
pared to spend over $100.

These general purpose probes will cater
for most of the common circuits, but if
you want to test surface mount or large
PLCC packages, then you’ll have little
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choice but to make up specialised probes.

It may be handy to make up some
probes with a two-pin header on each of
the channels. This is a common type of
probe used in a lot of commercial equip-
ment. In fact, many designs have built-
in logic probe test points, usually of the
two-pin header variety, where one wire
is the signal, and the other a ground.

If you are designing a circuit of your
own and think you may use the logic
analyser for evaluation or troubleshoot-
ing, then it is a wise idea to add some
two-pin header logic probe test points.
As header connectors are very cheap,
the main problem will either be lack of
space for the connector, or lack of room
to route the tracks to the connector.

If you’ve ever seen a commercial PCB
with rows of unused two-pin connectors,
or PCB pads without any connector,
you’ll now know what they are for!

Who knows, the way things are going,
TV and VCR service manuals of the
future may have logic diagrams instead
of CRO shots...

Taking measurements

Using a logic analyser has many traps
for the unwary. Unlike an oscilloscope,
there is no easy way to tell what effect
adding the logic probe to a circuit
makes. The only output you have is
either HIGH or LOW, and if you don’t
know exactly what the circuit is sup-
posed to do, then you have little choice
but to trust the logic analyser.

There are however two problems
which are the most common and easy to
look out for. One is the use of the PCLA
at high speeds (greater than a few MHz),
and the other involves data misinterpre-
tation at the sampling point.

The first problem, of high speed oper-
ation, is fairly obvious. Usually when
taking high speed measurements with an
oscilloscope, a x10 probe is used. This
provides a much lower probe capaci-
tance and hence less disturbance of the
circuit under test. The PCLA doesn’t

have the same capability of using a x10
low capacitance probe, and all measure-
ments are taken with a directly connect-
ed input. In our case, we’re using a
74ACT series gate. Here the amount of
probe capacitance will depend on the
length and type of cable being used.

The probe capacitance has a dramatic
loading effect on high speed circuits, so
this is something to be wary of if you are
not getting the result you expect.

The rule is to either keep the cable as
short as possible —generally less then
300mm — or to use a buffered probe. A
buffered probe is an external box with a
buffer chip as close to the probe inputs as
possible. You can then use a much longer
cable to connect to the PCLA. The PCLA
provides a +5V output which can be used
to power external buffer probes.’

Another use of a buffer probe box is
to provide different types of input
matching. The PCLA has 74ACT series
logic on the input, and can therefore
accept either TTL or 5V CMOS signal
levels. If you want to measure 4000
series logic of a higher voltage, or the
newer 3.3V logic, or even ECL, then
you will have to make an appropriate
buffer box. The box should convert the
incoming signal to a TTL level accept-
able for the PCLA.

The second problem concerns the fact

that the PCLA has to ‘latch’ the data at'

some discrete point. If the input happens
to be changing from one state to anoth-
er at this same point, then the PCLA will
not register the data correctly and may
interpret the data as either logic level.
This can readily be seen by measuring a
constant square wave of lower frequen-
cy than the internal sample clock.

Say for example that the input is a
constant 10MHz square wave, and the
PCLA is using its internal clock of
40MHz. In this case you would expect
to see the captured waveform change
state every four clock samples, and this
is what you get — most of time!

Every so often, the input may change

state right at the point the data is clocked
into the latch. If the latch misinterprets
the data, then the display will show the
input pulse longer or shorter than it real-
ly is. There is no real way to avoid this
when using the internal PCLA clock
(TIMING mode), so be wary of it.

In effect, this is similar to the quanti-
sation error in A to D converters. Just as
they can only measure a finite number
of levels, so too the PCLA in TIMING
mode will always have a probable error
of one sample clock period.

A similar problem exists in STATE
analysis mode, but this time it is possible
to prevent it. Because the external clock
on the PCLA has to pass through IC5 and
the control chip, it will inevitably have
some delay or ‘skew’ associated with it
compared to the input data.

If you are not getting the results you
expect in STATE mode, then try invert-
ing the external clock polarity in the soft-
ware. This will usually fix the problem,
but at high speeds the skew may be too
much to capture data reliably. This is why
the PCLA is arbitrarily limited to a speed
of 20MHz in STATE analysis mode.

You can push the speed to the full
40MHz if you feel confident enough
that the clock skew will not be a prob-
lem. Alternatively, you can use an exter-
nal buffer probe to try and delay the data
to match the delay of the clock. But
you’re on your own with this one!

Expensive commercial units get
around the problem by switching the
external clock straight through to the
latch clock input. However, adding this
feature to the PCLA would have overly
complicated the design.

It is also important to select a proper
ground when measuring high speed sig-
nals. In such circuits, moving the
ground lead just a few inches can add
significant ‘ground bounce’ to the signal
being measured. Although this is more
important (vital!) with.an oscilloscope
than a logic analyser, it’s still something
to watch out for. It’s always good prac-
tice to connect to the ground pin of the
chip you are testing.

The PCLA triggers off data fed from
the input latches. This means that the
PCLA does not have any ‘glitch cap-
ture’ capability like some of the more
expensive commercial logic analysers.
This may be a problem if you are look-
ing for a particular fault which may only
occur for a short period of time. If you

For general work, two different kinds
of input probe are most useful: a set
of individual EZ-HOOK leads like
those at left, and a 16-pin DIL IC clip
like that at right.

ELECTRONICS Australia, November 1996 83




A PC Based 32-Ch Logic Analyser — 2

set the PCLA to trigger off the fault con-
dition then depending on the sample
rate, the input can match the fault condi-
tion, but if the data is not being latched
and sampled at that time, the trigger cir-
cuit will never see it.

However, there is a partial solution to
this. The 74ACT574 input latches can
be replaced with 74ACTS573 transparent
latches. These will allow the data inputs
to pass ‘transparently’ through the latch
when the clock input is HIGH. This will
at least give the PCLA glitch capture
capability for at least half of the sample
clock, which is better than nothing. The
573’s will latch the data on the negative
edge of the clock, but this is the same
time as the data is written into the RAM.
If the data changes just before the latch-
ing takes place, then the RAM may not
have enough setup time required to suc-
cessfully write the data into the RAM.

Using the 573’s was the original
intention for the PCLA, but the proto-
type proved a bit touchy at the higher
sample rates. But if you’re after a glitch
capture capability, then this may be a
worthwhile modification.

To design the PCLA to incorporate
full glitch capture capability would have
required the trigger inputs to be perma-
nently connected to the inputs. This
would require a set of buffer chips, and
certainly a double-sided PCB.

Frankly I don’t believe the lack of a
glitch capture capability is a major dis-
advantage in a low cost design such as
this. In fact, it’s sometimes beneficial
to have a design that will ONLY trig-
ger off the data that is actually cap-
tured and displayed.

Using the software

The minimum requirements for the
software are a DOS based 286 or higher
IBM compatible, with a VGA screen
and parallel port. Any standard printer
which supports the IBM extended char-
acter set can be used for hardcopy print-
out, as the software prints using text
mode. It is recommended to use a sec-
ond parallel port if the printer is to be
used at the same time as the PCLA.

After installing the software, start the
program by running the PCLA batch
file. A main menu will appear with the
various options in the middle of the
screen, and the channel information box
on the left hand side.

The channel information box will
always remain on screen, and provides
the channel number, on/off control, trig-
ger setting, channel type, and user

defined label for each of the 32 channels.
The main menu provides the follow-

ing options :

TIMIMG DISPLAY: This displays a

timing diagram waveform view of the

most recently captured data. It allows

you to zoom and expand the waveform

PARTS LIST

Semiconductors |
IC1,2 74HCT259 8 bit adressable latch |
IC3,4 74HC390 dual decade counter |
IC5 74AC151 8 bit multiplexer i
IC6-9 74ACT574 octal 3-state latch §

(or 74ACT573 — see text)

IC10-13 32Kx8 20ns cache SRAM (any
brand) |
(skinny DIP package |
‘ as used on PC motherboards).
IC14 ispLSI1016-80 (LATC1_30.JED)*
IC15 ispLSI1016-80 (LATC2_30.JED)*
IC16 ispLSI1016-80 (LACC31.JED)*
REG1 7805 (TO-220) 5V regulator
DB1 WO4 1A diode bridge
XTAL 40MHz TTL XTAL oscillator
(8/14 pin DIL)
L1 5mm green LED
L2 5mm red LED
Resistors
| R1 100k 0.25W 5%
! RP1 1k x 7 SIP network
RP2-5 100k x 8 SIP network
Capacitors
C1 2200uF 16V RB electrolytic
C34 10uF 10V tantalum
C2,5-20 0.1uF 0.2 pitch monolithic
ceramic
Miscellaneous

2115 type 8.5V 1A mains transformer

PCB, single sided (PCLA31)

DB25 female IDC connector

100mm length of 25-way ribbon cable

ABS case, 260 x 180 x 65mm (W x D x H),
Jaycar type HB5984 or similar

Small fined TO-220 heatsink

Three 44-way PLCC sockets; eight 14-way
DIL sockets; five 16-way DIL sockets; four
20-way DIL sockets; two 34-way R/A IDC lev-
ered headers; one 26-way dual row straight
pin header; one 26-way IDC header plug; two
5mm LED bezels; six M3 nuts, bolts and
washers; four M2.5 nuts and bolts; one IEC
mains cord; set of four PCB mounting spac-
ers; fused panel mount IEC mains connector;
tinned copper wire; mains rated hookup wire;
solder, etc.

PLD, Software availability:

*The programmed logic devices used in this
project (IC14, 15 and 16), and also the PC
software needed to control it, are available
from Tronnort Technology, of 12 Copeland
Road, Lethbridge Park 2770. The quoted
prices (including postage within Australia)
are:

Softwareonly............. $35

Three programmed 1016 PLDs......... $55
Software and programmed PLDs.......$80
Tronnort Technology can accept phone/fax
orders and/or enquiries only after business
hours, on (02) 9628 1223.
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window, and scroll the entire 32KB
buffer on all 32 channels. Two cursors
are available to measure the time inter-
val and number of clock periods
between two points.

DISASSEMBLY DISPLAY: This rou-
tine decodes the most recent data into
separate address and data fields speci-
fied by the channel type information.
This is used for decoding microproces-
sor buses and the like. The information
is display in two columns, one contain-
ing the address, and next to it the data.
CAPTURE DATA: Starts the PCLA
sampling data using the current trigger
information and options specified. It
then retrieves the data from the PCLA
after sampling has finished. The DATA
LED on the front panel will change state
according to what the PCLA is doing.
During PRE-TRIGGER sampling, the
LED will be fully ON. During data
retrieval the LED will be blinking rapid-
ly at half brightness, and the LED will
be OFF when data retrieval is complete.
EDIT DATA: Allows editing of all the
trigger and channel options. The USED
check box turns each channel on and
off. Turning off a channel will only stop
it from being displayed, but it will still
be retrieved and triggered from. Any
unused channels should be turned off, as
this will speed up the display refreshing.

The trigger check box can be set to
HIGH, LOW, or DON’T CARE. This
sets the desired trigger setting for that
channel. Remember to set all unused
channels to DON’T CARE (X). The
default state is DON’T CARE for all of
the channels.

The TYPE box allows the user to
define that channel as a particular data
bit or address bit, for use with the disas-
sembly function. Both address and data
can be up to 31 bits wide. You do not
need to specify all of the bits for the dis-
assembly function to work; you can skip
unused bits and only specify the ones
you are interested in. For example, you
may only want to decode address bits 2,
5, 6, 7 and the first four data bits.

An eight-character user defined
label can be set for each channel in the
LABEL field. Whenever using the
PCLA, it’s worth taking the time to
label all used channels, as it can
become very difficult to remember
which input you connected to which
point on your circuit.

TRIGGER SOURCE: This selects
either internal (from the word trigger
circuit) or external (from the connector)
triggering.

TRIGGER POLARITY: Selects either

(Continued on page 97) |
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Here is the artwork for the Logic Analyser’s front panel (left) and the PCB
(above), reproduced actual size for those who like to make their own. The
large rectangular area on the front panel with crossed diagonal lines is for

the input connector cutout.
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Fully Approved 12V DC 1 Amp
“plugpacks”: Buy direct from
importer. $10 + sales tax. Many other
models available. Call AV-COMM Pty
Ltd (02) 9949 7417/ 99482667 or fax
(02) 99497095.

PCB’s made, one or many, low
prices, hobbyists welcome. Also
Touch Switch for lamps, 2A, 3 steps,
$7 ea.plus P+H $3 for 3 units. Sesame
Electronics (02) 554-9760, Fax

(02) 9718-4762.

Easy Pic’n Beginners Book to using
microchip PIC chips $50, basic com-
piler to clone basic stamps into cheap
PIC16C84’s $135, CCS C compiler
$145, heaps of other PIC stuff, pro-
gramers from $20, real time clock, A-
D. Ring or fax for free promo disk.
WEB search on Dontronics P.Q. Box
595 Tullamarine 3043 039338-6286
Fax 039338-2935

Established in 1933, RCS Radio is the

only company which manufactures
and sells every PCB and front panel
published in Electronics Australia and ETI/SC.
651 Forest Road, Bexley, NSW 2207
Ring (02) 587 3491 for instant prices.

TORTECH PTY LTD
TOROIDAL TRANSFORMERS
Design and Manufacture
Approved to AS3108 - 1990 & U.L. Standards
Tel: (02) 642 6003 Fax: (02) 642 6127

KIT REPAIRS - R & D, prototyping, repairs
to electronic equipment, all kits repaired

CAMPAD ELECTRONICS

26 KeiTH STREET CAPALABA, Q. 4157
Phone (07) 3245 2008

Printed Circuit Board Manufacture

48-Hour service « High quality « Low prices

1 offs to any quantity
Call for obligation free quote....
INSTANT PCB’S PO BOX 448 AVALON 2107
Ph: (02) 9974 1189 Fax: (02) 9974 5491

Artwork designed if required
Computer Programming Whiz! to
create modules of code. DOS. W95.
Pls fax details rates. 09 344 5905
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(Continued from page 84)

somewhat surprised to find that 5BG,

6AC and 3BQ were already on the air in
Australia using the same technique.

Max’s remarks about his early efforts
to produce an appropriate RF piezoelec-
tric slab from a lump of crystalline
quartz are quite fascinating:

“After much trial and tribulation
hacking quartz crystal about with a
carborundum strip on the reverse side
of a hacksaw blade, I put a little dia-
mond saw in our lathe — much to my
brother’s disgust. He had visions of the
diamond dust getting into the bearings
and ruining them.”

“So, between us, we made up a sepa-
rate grinding head to take the drive via a
belt, to keep any dust well away from
the lathe. With that I hacked my way
through various pieces of quartz until I
achieved a satisfactory one”.

Royal Flying Doctor

As it happened, Max’s venture into
crystal control for the restored 3BQ had

(Continued from page 41)

positive or negative triggering when

external triggering is selected. This set-
ting will automatically be set to positive
when internal triggering is selected.

TRIGGER DELAY: A trigger delay of
0,2, 4 or 8 cycles is selectable. This deter-
mines how long the trigger signal must be
present in order for the PCLA to register
the trigger event. It can be used to avoid
false triggering, and also for a legitimate
use when you want to distinguish
between short and long trigger events.

CLOCK SELECT: Toggles through
all of the internal TIMING mode clock
sample rates, and also selects the
STATE mode external clock.

e

a surprising outcome. Around 1930, he
was visited at Canterbury by the Rev.
John Flynn and Alfred Traeger, of the
Royal Flying Doctor Service. Max was
lavish in his praise of Traeger, (a) for his
resourcefulness in devising the pedal
generator to power the RFDS’s emer-
gency transceivers, and (b) for adapting
a typewriter keyboard to produce Morse
code from such a transceiver, intelligi-
ble to a central operator. :

Anyone who could switch on a trans-
mitter and spell out the necessary words
could send a distress message in Morse.
What the RDF needed now was a means
of stabilising the transmitter frequency,
so that scattered transceivers would all
come up on the allotted spot on the band
— notwithstanding  temperature
extremes and/or how erratically the gen-
erator was being pedalled.

At that point in time, Max Howden
undertook to do his best to provide Alf
Traeger with the crystals he needed.
More about that in the next issue.

(To be continued) %

CLOCK POLARITY: Determines if
the data will be sampled on the posi-
tive or negative edge of the external
clock. This has no effect when in
TIMING mode.

That’s about all there is to the soft-
ware. As you can see it’s quite straight-
forward. Further information is avail-
able in the software documentation pro-
vided on the disk.

The software and pre-programmed
PLDs will be available from Tronnort
Technology. Please refer to the note in
the parts list for more details.

That brings to an end the description of
the new PC based logic analyser. I hope
you find it a valuable addition to your test
gear collection. Happy triggering! <

NOTES & ERRATA

XF EST Hall sensor plate
Bosch part No. 9 233 067 050

Hall sensor locaﬁop

XF EFI (ECCIV) Hall sensor plate
Bosch part No. 9 233 067 041

Hall sensor location 2

Auto Electronics (October 1996): In Fig.7, on page 45, the Hall Sensor plates for
XF Falcon EST and EFI (EECIV) systems were unfortunately swapped. The correct-

ed diagram is shown above.
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