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Fig. 1. Block diagram of the subsections that make up the project.

Data Buffers. This data is written in-
to internal registers M1 through Mé
when WE (write enable) and TE (chip
enable) are low. (When implemented
in the project presented here, CE is
permanently wired low.)

When WE goes from low to high,
the data written into the registers is
latched. Address information is fur-
nished the 74C917 from a 74L.S390
(IC4 in Fig. 3 complete schematic
diagram of project) dual decade rip-
ple counter. An internal oscillator
running at about 350 Hz switches the
BCD data from the internal registers
to the 16 x 7 ROM where it is de-
coded to hexadecimal format. When
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SOE goes low, segment drive data is
switched to the proper decade in the
display and turns on that decade.
Referring now to Fig. 3, the dis-
play system clock generator consists
of two stages in 4049 CMOS hex in-
verting buffer /C2, wired here as an
astable or free-running multivibra-
tor. Clock frequency is determined
by the values of R9 and CI. Ideally,
operating frequency of the clock
generator is calculated using the for-
mula f = 1/2.2RC. The main objec-
tive in selecting the values of the re-
sistor and capacitor was to have a
digit-select frequency that was high
enough to obviate perceptible flicker

of the lighted segments in the display.

The output at pin 2 of IC2 goes to
the input at pin 1 of counter /C4. The
internal counter to which pin 1 of
IC4 connects operates as a BCD de-
cade counter. The output at pin 3 of
this counter furnishes the clock sig-
nal that is fed to pins 8 of 74L.S173
quad D-type flip-flops IC6 through
IC11. Theoutput at pin S of IC4 goes
to the pin 10 clock-enable inputs of
the same ICs.

The output at pin 6 of IC4 pro-
vides the clock input to pin 15 of the
second counter inside this chip and
the write-enable (WE) signal to pin 2
of 74C917 display controller/driver
ICI. The output at pin 7 of IC4 con-
nects to segment output-enable (SOE)
pin 15 of IC1.The duty cycle of the
pulse train fed to the ICI pin 15 input
determines the segment on/off time
and, subsequently, the brightness of
the lighted segments in the display.

If you wish to temporarily reduce
power dissipation, you can do either
of two things to extinguish the dis-
play. You can switch off the +35
volts to the entire circuit. Alterna-
tively, you can install an spdt switch
in theline that goes from pin 7 of IC4
(one switch throw, or stationary con-
tact) and pin 16 of ICI (the switch
pole, or toggle) and run a line from
the +5-volt bus to the remaining
switch throw. With this arrange-
ment, when you want to extinguish
the display, you simply set the switch
to its +5Vv position.

If you want to be able to adjust the
brightness of the display, you can
drive pin 1 of IC1 with a variable-fre-
quency pulse generator. Such a gen-
erator can easily be assembled
around a commonly available 555 or
other timer chip. Schematic dia-
grams for building a variable-fre-
quency pulse generator can be found
in a wide variety of electronics maga-
zine articles and books.

The second ripple counter inside
IC4 is also wired as a BCD decade
counter. Its pins 10 and 11 outputs
go to the inputs of one gate inside
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components. Alternatively, you can
use perforated board with holes on
0.1-inch centers and suitable Wire
Wrap or soldering hardware to
mount and wire together the compo-
nents. Whichever way you go,
though, be sure to use sockets for all

ICs and the LED numeric displays.

As shown in the lead photo, the
prototype of the project was assem-
bled on perforated board. Measur-
ing 6% x 4% inches, the Radio Shack
Cat. No. 276-147 has a copper pad
for each hole on the wiring side of the
board. You can use this or any other
similar board or even perforated
board that has no pads around the
holes if you go this route. To provide
stability, assuming pad/hole board
and the point-to-point wiring tech-
nique, it is suggested that you solder
at least the corner pins of each IC
socket to the pads surrounding them.

Begin construction by installing
the IC and display sockets. Also
mount into place between the edge of
the board and the six sockets for IC6
through IC11 16-pin DIP sockets J/
and J2 (shown unoccupied in the
lead photo). If you are using a pc
board or pad/hole perforated board,
solder the pins of the sockets into
place. If you are point-to-point wir-
ing the circuit, it is a good idea to
mark the pin 1 position for each
socket on the wiring side of the
board. Alternatively, you can place a
commercial plastic ID label on which
the pin numbers are printed for each
socket location. Do not plug any ICs
or displays into the sockets until
after you have performed initial
voltage checks and are certain that
all wiring is correct.

Again assuming you are using a pc
board or pad/hole perforated board,
install the resistors and then the
capacitors in their respective loca-
tions and solder both leads of each
into place. Having come this far, you
are ready to proceed with wiring
together the sockets and com-
ponents. (If you are using a pc
board, they are already wired
together.)
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A fairly foolproof method of wir-
ing any project using the point-to-
point technique is to make up a Wir-
ing List that details every wire run
and connection and check off each as
it is made. The complete Wiring List
for this project is shown elsewhere in
this article. Carefully following each
step as detailed in it should yield a
working project the first time out.

Next, using the Wiring List and an
ohmmeter or audible continuity test-
er, check all runs and connections
for continuity. When you obtain the
proper indications in all cases, as-
semble the power-supply circuit (if
there is room for them, you can
mount the rectifier diodes, two
capacitors and regulator /C12 on the
circuit-board assembly. Do not at-
tempt to mount the power trans-
former on the board. If you wish,
you can incorporate a POWER switch
and l-ampere slow-blow fuse in a
holder into the primary side of the
power transformer in the traditional
manner.

Select a suitable enclosure for the
project. It can be all plastic, all metal
or a combination of the two. The en-
closure must be large enough to ac-
commodate the circuit-board assem-
bly and power transformer without
crowding and have sufficient front-
panel room for the POWER switch
and a bayonet-type fuse holder if you
decide to use these two components.

Machine the enclosure as needed.
That is, drill mounting holes in the
floor panel for the circuit-board as-
sembly and power transformer and
an entry hole for the ac line cord
through the rear panel. Determine
exactly where in the top panel to
make the cutout for the six-decade
numeric display’s window and cut a
suitable slot for it. Then cut narrow
slits through the rear wall panel near
JI and J2 through which to route the
two input cables. Make these slits on-
ly wide enough to pass through the
ribbon-type input cables. If you are
using the POWER switch and fuse,
also drill holes in which to mount
them through the front panel.

If you drilled the holes or cut the
display slot through metal panels,
deburr them to remove sharp edges.
Then mount the power transformer
in place with suitable machine hard-
ware, sandwiching the mounting tab
of a two-lug terminal strip (neither
lug connected to the mounting tab)
between the nut and one tab of the
transformer. Connect and solder the
two secondary leads of the trans-
former to the appropriate points in
the bridge rectifier arrangement in
the power supply.

Crimp but do not solder the pri-
mary leads of the power transformer
to the lugs of the terminal strip. If the
line-cord entry hole is through a me-
tal paneél, line it with a rubber grom-
met. Pass the unfinished end of the
line cord through the hole and into
the enclosure. Tie a strain-relieving
knot in it about 6 inches from the un-
finished end inside the enclosure.

Tightly twist together the fine
wires in each line-cord conductor
and sparingly tin with solder. Crimp
and solder one line-cord conductor
to one lug of the terminal strip, and
solder the primary lead of the trans-
former already in place on this lug.

Mount the fuse holder and POWER
switch (if you are using them) in their
holes on the front panel. Connect
and solder a suitable length of hook-
up wire from one lug of the switch to
one lug of the fuse holder. Similarly,
connect and solder a hookup wire to
the other lug of the fuse holder, route
the other end to the unsoldered lug of
the terminal strip. Crimp the free end
of this wire to the lug and solder it
and the primary lead already occupy-
ing the same lug. Then separate the
line cord conductors inside the enclo-
sure to within 1 inch of the strain-re-
lieving knot. Crimp and solder the
unattached conductor to the unoccu-
pied lug of the POWER switch.

The input cables for the project
consist of standard 16-conductor
ribbon-cable assemblies terminated
in 16-pin DIP headers. Two separate
input cables are needed. Cut off and
discard one header from each cable. »
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CD4060 circuit, refer to the table in
Fig. 5 for details of where to pick off
the divided signal for monitoring
with a logic probe.

The most-accurate reading ob-
tained is with an accurately cali-
brated frequency counter. Of slight-
ly lesser accuracy is scope monitor-
ing, while use of a logic probe simply
gives an indication of signal activity.
If you obtain any signal activity, re-
gardless of which monitoring meth-
od you employ, you can assume that
the clock oscillator is working.

Having verified that the clock os-
cillator is working, pull the project’s
line cord from the ac receptacle, al-
low the charges to bleed off the filter
capacitors in the power supply and
then install a 74LS390 in the IC4
socket and a 74LS00 into the IC3
socket. Again, make sure the pins of
the ICs (and all subsequent ICs and
LED numeric displays) engage the
socket pins.

Connect separate light-emitting
diodes through 330-ohm current-
limiting resistors to the outputs of
IC4atpins2,5,7,10,11and 13. The
cathodes of the LEDs go to the speci-
fied pins on the IC, while the anodes
go to the + 5-volt bus through the
current-limiting resistors.

Leave the CD4060 still connected
to the project as described above.
Then temporarily connect one of the
slow outputs (see Table in Fig. 5) to
input pins 1 and 15 of IC4.

Power up the project and observe
the LEDs for activity. If you selected
a low enough frequency out of the
CD4060, you should observe the
LEDs flashing on and off to show
the BCD count. Having verified that
both counters inside /C4 are operat-
ing properly, disconnect the project
from the ac line and allow time for
the charges to bleed off the capacitors.

Plug a 741.S138 into the /C5 sock-
et. Remove the LEDs you installed
for IC4 and temporarily connect
them to pins 10 through 15 of /C5 in
the same manner as you did for /C4.
Leave the CD4060 connected as be-
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fore. Power up the project and ob-
serve the activity of the LEDs. If you
selected a low enough frequency
through the CD4060, you should ob-
serve the LEDs counting in a repeat-
ing 0-to-5 sequence.

With operation of /CS5 confirmed,
pull the plug of the project from the
ac outlet and allow the charges to
bleed off the capacitors. Then tem-
porarily tack-solder suitable lengths
of hookup wire to the +S5-volt or
ground buses in the project and ter-
minate the other ends at pins 1 of IC6
through /C11 to represent BCD data
to these input pins. Disconnect the
LED/resistors from ICS5.

Carefully plug 74LS173s into the
IC6 through IC11 sockets. Tempo-
rarily connect four of the LED/resis-
tor combinations between pins 3
through 6 of IC6 and the + 5-volt
bus in the same manner as above.

Power up the project and observe
the LEDs, which should flash on and
off in BCD sequence. Once you ob-
tain LED activity, power down the
project and move the LED/resistor
combinations to between pins 3
through 6 of IC7 and the + 5-volt
bus and repeat the test. Do this for
IC8 through ICI1 in turn to verify
operation of all six latches. Once you
verify operation of each stage, power
down the project and remove the
wires from the + 5-volt bus and pins
1 of IC6 through IC1I and remove
the LED/resistor combinations.

Plug the six LED displays into a
solderless breadboarding socket to
precheck all seven segments of each
before installing the displays in their
sockets. Connect the common cath-
odes of the displays to the ground
bus in the project. Tack solder a suit-
able length of hookup wire to the
+ 5-volt bus in the project and ter-
minate the other end of the wire in a
330-ohm resistor. Use this test lead
to check each segment in each dis-
play by plugging the free lead of the
resistor into the appropriate holes
for the pins that connect to segments
a through fof each display.
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Fig. 6. A circuit for testing operation
of project’s transistors out-of-circuit.

You can also check each of the Q1
through Q6 transistors out-of-cir-
cuit, To do this, breadboard the cir-
cuit shown in Fig. 6. The transistor
shown here is the one that will be in-
stalled in the project. This test circuit
is designed to prevent exceeding the
maximum allowable base current for
the transistors.

You verify operation of the tran-
sistor under test by powering up the
project, closing the switch and ob-
serving the LED. If the LED lights
with the switch closed, the transistor
is good. If the LED does not light,
discard the transistor and replace it
with a new one.

Now that you have tested all the
subsystems in your project (and cor-
rected any wiring errors you have de-
tected during this operation), it is
time to connect the output of the
clock generator to the first counter.
With power turned off and no
charges on the filter capacitors in the
power supply, install the 74C917
chipin the IC1 socket, employing the
same precautions you would use for
handling any other MOS-type device.

Power up the project and check
operation of the complete system.
Change the BCD inputs to flip-flops
IC6 through IC11 and verify that the
LED numeric displays show the cor-
responding hex signals.

To use the project, simply clip the
leads of its input cables to the appro-
priate points in the circuit under test.
Power up the circuit being tested and
the project and observe the numeric
displays. That is all there is to it!
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