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If additional channels are needed,
you can simply add as many 7404 hex
inverters, resistors and LEDs as are
needed. For example, if you need an
8-channel Tracer, use two 7404s, 16
resistors and eight LEDs. A 16-chan-
nel Tracer requires three 7404s, 32
resistors and 16 LEDs, while a 32-
channel Tracer requires six 7404s, 64
resistors and 32 LEDs. In these three
examples, not all inverters in all
7404s are used. The unused ones can
be disregarded, or they can be wired
as extra channels that can be called
into use as needed.

Since all channels in the Logic
Tracer are identical, it is easier to re-
fer to Detail A to examine how the
project works. As you can see, each
inverter is accompanied by a bi-color
LED and 270-ohm current-limiting
resistor connected between the in-
verter’s input and output and a
1,000-ohm pull-down resistor from
the input to circuit ground.

Depending on the polarity and fre- -

quency of the input signal to any giv-
en channel, the bi-color LED will
give a different color indication. If a
logic 1 of near + 5 volts is applied to
the input of the inverter, the output
of the inverter will be at a logic 0 or
near ground potential. With the
LED connected as shown to both the
input and output of the inverter, the
low at the output will cause current
to flow through only the red element
inside the LED. On the other hand, if
the input to the inverter is a logic 0,
the output will be a logic 1, reversing
the flow of current through the LED
and causing the green element to
light. Consequently, when the red el-
ement is on, the logic level at the
point under test is high and if the
green element is on, it is low.

In many cases, the signal at a point
under test will not be a constant logic
1 or logic 0 but a pulse train. If the
pulse train is very slow (less than
about 10 Hz) you will see the red and
green elements alternately coming on
as the pulse train goes to high and
then to low. On the other hand, if the
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Fig. 2. Actual-size etching-and-drilling guides for top (left) and bottom (right)
of double-sided printed-circuit board.

pulse train is faster than about 10
pulses per second, both LEDs will
appear to be on simultaneously.
Your eye’s vision retentivity will then
resolve the effective color to be any-
where between yellowish-green and
reddish-orange, depending on the
duty cycle of the pulse train. If the
pulse train has a 50-percent duty cy-
cle, the effective color will be nearly
all yellow.

With no input applied to the in-
verter, no voltage difference will ex-
ist across the LED. In this case, nei-
ther element in the LED will light. A
stable state is maintained by the
1,000-ohm pull-down resistor.

Since this Tracer deals with TTL
levels, it requires a single + S-volt to
ground power source. If only 12 or
fewer inverter/LED stages are built,
you can power the project directly
from the power rails of the circuit
under test as long as the current drain
is limited to 100 milliamperes or less.
If more channels are used, it is safer
to power the project independently
of the circuit under test. In this case,
you can use a plug-in wall power sup-
ply and voltage regulator capable of
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delivering sufficient current to safely
handle the load. These powering op-
tions are shown in Detail B. In both
cases, make sure to use the 10-micro-
farad, 10-volt tantalum capacitor for
decoupling.

Note that Detail B indicates that
you should use only one of the pow-
ering options—not both. If you wish
to use both, however, make certain
that you connect the direct + 5-volt
power input into the circuit on the
output side of the 7805 IC2 regula-
tor. With this arrangement, you need
only one tantalum decoupling capa-
citor. This arrangement gives you a
choice of powering options so that
you can use the separate power sup-
ply if you are working on a very-low-
power TTL circuit.

Detail C gives such information as
the internal function information
and pinouts of the 7404 hex inverter
used for ICI and the pinouts of the
7805 + 5-volt regulator used for /C2.

Construction

Owing to the basic simplicity of the
project in terms of component count
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serve as a ground reference for the
project when making circuit tests.)

If you opt for a separate power
supply or a choice of either, replace
the 36-inch red-insulated wire with a
4- to 5-inch wire, and prepare a sec-
ond same-length black-insulated wire
in the same manner. Once again, sol-
der just one end of each wire into the
appropriate holes, leaving the other
ends for connection later on.

Strip % inch of insulation from
both ends of six 4-inch lengths of
hookup wire. If you are using strand-
ed hookup wire, tightly twist togeth-
er the fine wires at both ends and
sparingly tin with solder. Plug one
end of each wirein turn into the holes
labeled 11 through J6 on the circuit
board and solder to the pads on both
sides of the board. The other ends of
these wires will be connected later.
Temporarily set aside the circuit-
board assembly.

A suitable enclosure in which to
house the project is specified in the
Parts List. This is a small plastic
project box that has a removable alu-
minum panel. Unless you opt for a
separate power supply or a choice be-
tween both powering options, all
machining of the enclosure is per-
formed by drilling holes in suitable
locations through the aluminum
panel of the project box.

Using the Fig. 4 template as a
guide, machine the panel exactly as
shown. There are separate holes for
each LED and test-lead banana or
pin jack, the +S5-volt and ground
power leads and the mounting holes
for the circuit-board assembly. If
you plan on using a separate power
supply exclusively, do not drill the
V4-inch hole shown on the center axis
at the left end of the panel. Once all
the holes have been drilled, deburr
them to remove sharp edges. (Note:
You can save on the cost of the proj-
ect by eliminating the banana or pin
jacks, replacing them with small rub-
ber grommets through which the test
leads enter the enclosure and wire di-
rectly and permanently to the board.
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Circuit-board assembly mounts with component side toward rear of front panel
so that lenses of LEDs can drop into their respective holes.

If you do this, make sure to tie strain-
relieving knots in the test-lead wires
inside the enclosure.)

Feed a No. 4-40 x 1Y-inch ma-
chine screw into the small holes on
the central axis and follow up with a
¥4-inch spacer. Plug the leads of the
bi-color LEDs into the holes in the
circuit board, making sure that the
long leads go into the holes near IC1.
Plug the free ends of the screws into

the board’s mounting holes and
follow up with a machine nut on
each. Make sure the component side
of the board is facing toward the in-
side surface of the panel and that it is
oriented so that the LEDs are on the
side that matches up with their holes
in the panel. Make the machine hard-
ware finger tight.

Without allowing the LED leads
to fall out of their holes in the board,
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Fig. 4. Front-panel machining details.
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Fig. 5. Simple sequential logic application setup for using project.

invert the assembly so that the bot-
tom side of the circuit board is facing
up. Then gently push the lensed end
of each LED into its respective hole
in the panel. Holding the LEDs sol-
idly against the panel, solder one
lead of each to the pads on the bot-
tom of the board. Turn over the as-
sembly to check alignment from the
front of the panel. If everything ap-
pears to be okay, solder the other
lead of each LED to its bottom-of-
the-board pad. ]

Remove the machine hardware
and set it and the spacers aside. Gent-
ly remove the front panel from the
circuit-board assembly, taking care
to avoid displacing the LEDs from
their current positions. Carefully
solder the lead near IC/ of one LED
toits pad on the top of the board. Re-
peat for each LED in turn. Then do
the same for the leads nearer the edge
of the board. Make sure you do not
move any of the LEDs as you do this.
Lay aside the pc assembly.

Scrub the aluminum panel to re-
move all dirt, grease and other de-
bris. When it is completely dry, label
the panel with a dry-transfer letter-
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ing kit. For example, you might cen-
ter the legend INPUTS above the line
of banana or pin jacks that will be
used to plug in the test leads (or the
grommets for the test leads). Just be-
low them, you can label the jacks 1
through 6. Similarly, you can label
the legend CHANNELS below the
LED holes and label above each hole
the numbers 1 through 6 in the same
sequence used for the jacks. Finally,
label the left central hole +5 VOLTS
and the right central hole GND. Leave
enough room between hole edges and
labels to clear grommets and jacks.

When all labeling is done, apply
two or three light coats of clear acryl-
ic spray lacquer over the entire front
panel to protect the labeling from
damage. Wait until each coat is fully
dry before spraying on the next. Af-
ter the last coat has completely dried,
mount the banana or pin jacks in
their respective holes and gently
force small rubber grommets into the
power-lead holes.

Remount the circuit-board assem-
bly on the front panel, using the 4-40
machine hardware and spacers you
used before, but place a lockwasher
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on each screw before screwing on the
nuts. Make sure each LED aligns
with and slides into its respective
hole in the panel. Apply a drop of
Krazy glue to each LED to secure it
in its panel hole.

Locate the free ends of the short
wires and connect and solder them to
the lugs on their respective banana or
pin jacks. Tie a double knot in the
red and black test-lead wires about 5
inches from the ends connected to
the circuit board and feed the free
end of the red wire through the
grommet in the hole labeled +5
vOLTS and the black wire through
the grommet in the hole labeled GND.

If you do not plan on using the
separate power supply option in the
project, this completes construction
but for terminating the power leads
and preparing the test leads. If you
are incorporating this option, install
and solder into place on the circuit
board the 7805 voltage regulator,
making sure it is properly oriented
before soldering its pins to the pads
on both sides of the board.

(Continued on page 89)
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