A basic tool for dlgutal serwcmg

TH E SE RVICING of dlgltal
equipment is greatly simplified by the
use of a logic pulser and logic probe,
for these two instruments enable one
to follow circuit operation stage by
stage.

THE PROBE ;
The probe must be capéble of

detecting pulses as short as 50

nanoseconds (for TTL operation) and

- make them visible. It was found that

readily available linear ICs were not
suitable as they are too slow and
required dual supply voltages. Neither
could CMQOS be used as it also is too
slow, for testing TTL gates, and its
threshold voltages are not consistent,
Further, TTL could not be used as it
cannot withstand the voltages used
with CMOS logic. This virtually means
that the only devices that are suitable
are discrete transistors.

The logic probe
we built in a
solder tube.
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_ monostables,

_ HOW IT WORKS

The probe consists of two
independent voltage level detectors
which, via pulse stretching
drive light-emitting
diodes to give 2 visual indication of
the logic state being monitored.
Transistors Q1-and Q4 form the low
level or ‘0" detector, transistors Q5
and Q6 the high level or ‘1’ detector
whilst the remaining components
form the pulse stretching
monostables and visual indicators.

The high level detector works as
follows. If the input level is below
about 2.5 volts (1.3 volts above the
level set on R17 by transistor Q3)
transistor Q6 will be cut-off. When
the input level rises above 2.5 volts,

-transistor Q6 will turn on, as will Q7,

causing LED 2 to light — indicating a
‘1’. The transition at the collector of
Q7 will, at the same time, be passed
to Q8 tuming it off. The current
which was flowing through Q8 will
now flow via R22 in to the base of
Q7 holding it on even though Q6
may by now have stopped
conducting. After fifty milliseconds
the charge on C2 will leak away via
R19, 20 allowing Q8 to conduct.
When Q8 conducts it robs the
current from the base of Q7
turning it and the LED off. However
should the voltage at the tip of the
probe still be present Q6 will still be
turned on holding on in tum Q7 and
the LED.

Resistors R11, 12, 13 and 14 set
the operating conditions of Q5 such
that the threshold voltage is
optimized for either TTL or CMOS.
As CMOS logic works on supply
voltages ranging from five to fifteen
volts, transistor Q5 has been arranged
to track the supply so that the
correct threshold ts maintained at ail
times.

The low “level detector works in
exactly the same fashion except that
it is inverted in order to detect pulses
which approach within 0.45 volts of
the negative line (TTL only). Each
PNP transistor . and each NPN
transistor have been replaced with
their complements. In this case Q4

- sets the thresholds and the circuit

operates exactly as stated for the
high detector. Note that the diodes
have also been reversed.
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PC boards 2 off ETI 120
Probe case (see text) . - P
LED 1, 2 Light emitting diodes TIL209 or similar
2 Alligator clips or Ezy-hooks

BC109
BC179

CHARACTERISTICS

PULSER — ET1 121

e Will source, orsink, up to 500 mA.

e Operates on supply voltages from 5.to 15.

e Suitable for both TTL and CMOS.

® Power supply drain less than 15 mA under worst case
conditions. 4

: Press for "1’ release for ‘0’. High impedance at other

i | times > 1 M). : h i

. : Will drive capacitive loads up to 1000 pF.

Protected against accidental reversal of supply leads.

Duration of pulse 500 nanoseconds.

PROBE — ETI120

Pulses as narrow as 50 nanoseconds will be detected.
Stretches narrow pulses to 50 milliseconds for ease of
detection. )
Operates on supply of 5 to 15 volts.
Suitable for TTL or CMOS. ;
True ‘1" and ‘0’ level detectors. Neither LED is alight if

. the circuit is faulty or the probe is not making contact.
Current drawn from the circuit is less than 20 microamps.

Current drawn from power supply (one LED alight) 12 ; . Fig. 1. Circuit diagrém of the logic probe
mA on 5 volts, 35 mA on 15 volts. ~

TIL209
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Fig. 2. Printed circuit board for
the logic probe (2 required).
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‘Fig. 4. La'nk}‘ng required between the rwn
boards.

~ As both high and low logic states
must be detected, a discrete transistor
voltage-comparator circuit "was
designed to detect each state
separately. These comparators must
not load the circuit under test as
CMOS is sensitive ‘o current and
capacitive loading. In our prototype
the current drawn was a maximum of
19.7 microamps for a high, and 10
microamps for a low.

In both comparators the transistors
associated with the pulse detector are
turned on by an input level that
exceeds the comparator threshold.

As transistor turn-on time is much
faster than turn-off time, using the
transistors in this way ensures the
highest possible speed of operation for
the particular types of transistors used.
Additionally, the delay in turning off

assists by lengthening the pulse, thus

ensuring more reliable triggering of the
monostable on very short pulses.

The input transistors Q1 and QB are
protected against breakdown, due to
excessive base-emitter voltage, by
diodes D1 and D2. The diodes are also
required to ensure that Q1 and Q6
remain conducting even when the
probe tip is taken to the supply
voltage.

Transistors Q3 and QB8 are also
protected against reverse base-emitter
voltages by R4 and R19 respectively.

In operation the probe will light LED

1if a low level is detected, LED 2 for._

a high, neither LED if the point being
monitored is at ground potential or a
poor contact is made with the tip, and
both LEDs will light if there is a pulse
train present.

34

" A singlé pulse

Full size 23 x 66 mm.

input  will be
lengthened, by the monostables, to
50 milliseconds with the pulse
polarity being indicated by the LED
which is illuminated. Thus even single
pulses as short as 50 nanoseconds may .
readily be detected.

CONSTRUCTION

We assembled our probe in a case
made from a solder tube. This is
commonly available from component
shops for about 35p (containing Ersin
Multicore Solder). Any probe case or
tubing with a diameter of 23mm and a
length at least 90mm (excluding
nozzle} will do. The solder tube has
a detachable plastic end-cap which
supports SW1 and the LEDs. SW1 is
used to hold a small name-plate in
position as shown in Fig. 6.  Two
LEDs are mounted into the end plate,
together with SW1, and after soldering
leads to the LEDs they should be
passed through the holes in the plate,
and the plastic end-piece, and secured
in position with. a drop of epoxy
cement, Another hole is drilled in the
stopper through which is passed the
two supply-voltage leads.

A removeable nozzle has to be
made and for this we used a polyester
resin filler (Isopon or any of the car
body repair fillers is ideal). First saw
of the original mozzle and line the
inside of the tube with grease or cow
gum. This stops the filler making a
permanent joint. Then mix some
filler and spread it for about 25mm
down the inside of the tube. Roughly
mould the nozzle shape around the
polythene tubing which comes with
the solder and bed this firmly in the
end of the tube. After a couple of
minutes the nozzle can be whittled
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.reversed on the two boards.
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Fl'g 6. How the probe ends are constructed.

into shape. After hardening remove
the nozzle and clean up the inside face
{(saw off the rough moulding). Re-
move the polythene tubing and in the
hole R15 and the probe tip can be
fixed with more filler. Use a darning
needle or one of the needles made for
sewing up knitting as the tip. Do not
leave more than 15mm protruding or
the needle is likely to break. Finally
‘the nozzle can be filed and sanded to
give a neat appearance.

The electronics are built on two
printed circuit boards. The two
boards are i1dentical and care should be
taken to use the correct overlay for
each board as different transistors are
used and some components are
Note
particularly diodes D1 and D2 and
capacitors C1 and C2. Also note how
the two boards are linked together and
that the supply rails are reversed. No
difficulty should be experienced if the
printed-circuit boards and the
component overlay as specified are
used. .

Connect the leads from the stopper
assembly to the boards. Position the
boards together, copper side to copper
side, with a piece of insulating
material between them. Make sure
that the board assembly will fit into-
the tube without bending the sides.
Cut a piece of cardboard or plastic
75 x 85mm, roll it into a tube and fit
in the probe body. Now fit the board
assembly into the tube — it may be
necessary to dress the sides of the
boards with a file to obtain a neat
fit.

" The tip may now be connected and
both ends screwed into position.
Finally, alligator or, better still,
Ezy-hooks clips should be fitted to the
supply leads.

‘Fig. 5. Artwork for the nameplate on the
probe.
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