Build a
10-MH2Zz

- Frequency

nyone interested in electronics

sooner or later (usually sooner)
needs some sort of test equipment. Al-
most every electronics hobbyist has a
digital or analog muftimeter, but there
are times when simple voltage, cur-
rent, and resistance measurements just
won't do. Sometimes, such as when
working with digital circuils, a frequen-
cy measurement is needed. Thot's the
fime when you need an oscilloscope
or frequency counter.

Unfortunately, a tow-end oscillo-
scope or a frequency counter will cost
$200 to $300, or more; that's more than
many beginning hobbyists want to
spend. Unless, of course, itis a Popular
Electronlcs 10-MHz Frequency Coun-
ferl Built around three integrafed cir-
cuits, that useful instrument can be put
together for about $40 by anyone who
is reasonably adept at soldering.

Circuit Operation. Figure  shows the
schematic diagram of the 10-MHz Fre-
quency Counter. The circuit consisis of
an ICM7208 seven-decade counter
{U1). on ICM7207A oscillator controlier
{U2), and a CA3130 biFET op-aomp
(U3). Integrated circuit U1 counts input
signals, decodes them 1o 7-segment
formnat, and oulpuls signals that are
used fo drive a 7-digit display.

Integrated clrcuit U2 provides the
fiming for U, while U3 conditions the
input signal to provide a sultable
- waveform for input to U. The 5.24288-
MHz crystal frequency is divided by U2
1o produce a 1280-MHz muttiplexing
signal ot pin 12 of U2. That signal is
input to W ot pin 16 and is used to scon
the display digits in sequence.

The cathodes of each digit are
faken fo ground several times each
second, activating any segments of
the-digifs whose dnodes are high as
the result of decoding by W. The crystal
frequency is further divided to pro-

Counter

1 Hz-10MHz=
FREQ CTR

Need a frequency
counter that won't
cost a mint?
This hobbyist-grade
instrument is

just the ticket -
Jor budding techson a
- tight budget!

duce a short “store” pulse at pin 2 of
U2, followed (after about 0.4 milfise-
conds) by ashort “reset” pulse &t pin 14
of U2. The frequency of the pulses Is
determined by the state of U2 pin 14,

When pin 11 of U2 Is taken fo ground
through S1, the puises occur every 2
seconds and cause U2 pin 13 to go

high for one second, which prevents

~ “additional input signals from entering

W. That causes the count iatched in Ui's
infemal counters 1o be transferred fo
the display.

Integrated circuit U2 pin 13 then

goes low for one second, allowing a
new count o be entered into the seven
decade counters of Ul. That cycle is
repeated, continuously updating the
display every two seconds.
"~ When U2 pin 11 is taken to the
positive supply rail (+5V), the “store”
ond “reset” pulses occur at 0.2-second
intervals, resulting in a 0.1-second cou-
nt period. Ten input pulses must be
counted in order for a 1" {o appearon
the first digit, D1, so the frequency
being measured is obviously fen times
larger than the frequency that is shown
on the display.

In that mode, the decimal points care
driven by Rt and visudlly indicate that
the 0-second count period is being
used.

Display. The display must have at

least seven 7-segment common-cath- -

ode muitiplexed LED digits. Any com-
mon-cathode seven-segment display
may be used, so no particulor display
is specified. If the display chosen has
more than seven digits, the exiras are
not used. For example, the dispiay
used in the author’s profotype. which
was salvaged from an old calulator,
has hine digifs, only seven of which are
used in this project.

Don't be put off by the term “muiti-
plexed.” Multiplexed simply means
that all like segments of all digits are
connected by asingle conductor. and
that the cathodes of all segments of
any one digit are connected 1o a
common terminal. That's accom-
plished by a printed circuit within the
display and limits the number of wires
or fraces needed o operate the dis-
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Fig. 1. The 10-MHz Frequency Counter consists of Ul, an ICM7208
seven-decade counter; U2, an ICM7207 oscillator controller; and U3, a CA3130
biFET op-amp. The display for the circuit can be any seven-digit, seven-segment

common-cathode multiplexed unit.

play. Such units may be salvaged from
an appropriate old calculator or pur-
chased from electronic surplus stores.

A muttiplexed display can also be
fabricated from discrete seven-seg-
ment display modules as shown in Fig.
2. More display modules can be add-
ed as needed. Duplicating the dispiay
shown in Fig. 2 is easy; simply connect
dll like pins in parallel as shown. For
example, pin 1 of the first seven-seg-
ment unit—which, for this particular
display, is segment "a"—is connected
to pin1 of all the other modules. Pin 3 is
the common-cathode connection—it
is not connected to the other pin 3 ter-
minals in the set—which is used as the
digit-driver (D1-D7) input.

Note that for the display modules

used to illustrate the multiplexing con-
cept, there are two common-cathode
terminals, pins 3 and 14; since the two
pins are internally connected, only
one of those teminals need be con-
nected fo the circuit in order for the
display o function properly, although
connecting both would not cause any
problems. While the pinouts may vary
from one display type to another, the
concept remains the same.

If you opt to go with a salvaged dis-
play unit, it will be necessary fo deter-
mine the pinout and configuration:
common cathode or common anode.
To test a salvaged display when the
pinout is not known, temporarily con-
nect a1000-ohm resistor from a 5- to 9-
volt source 1o pin 4, then fouch the

source ground fo each of the other
pins in sequence. If any segment lights,
the pin at the resistor is the anode for all
like segments in all digits and the pin at
ground is the common cathode for the
digit with the lighted segment.

Repeat that procedure to identify all
segments and cathodes by moving
the resistor 1o the other pins. Make a
record similar to that shown in Fig. 1-b
for use as a reference during circuit
assembly. If no segments light, but do
light when the source leads cre re-
versed, the unit is a common-anode
fype and is not suitable for use in the
counter. Do not discard the display:
make a record and save the display
for some other project.

Power Supply. When all digits are lif,
the circuit draws about 160 milliamps.
A 5-volt bench supply that is rated at
more than 1 ampere may be used,
however, a heavy-duty 6-volt battery
with a 1-ampere diode connected in
series with one of the leads will work,
and makes the unit porfable.

Space is available on the circuit
board {at the top) to mount a &-volt
regulator and capacitors, if desired, if
a regulator is used, a 6- fo 9-volt AC
adaptor may be used to supply the
basic DC voltage. To preclude
damaging the integrated circuits, Ut
and U2 must be powered up before or
simultaneously with the application of
input signals o U3, The entire circuit is
designed to be powered by one com-
mon supply.

Assembly. See Fig. 3. The authors
prototype of the 10-MHz Frequency
Counter was built on a universal
printed-circuit board (Radio Shack
catalog number 276-170). Note that
the horizontal holes in Fig 3 are la-
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Fig. 2. A multiplexed display can be fabricated from discrete seven-segment display
modules by connecting all like pins in parallel. For example, pin I of the first seven-
segment unit connects to pin I of all the other modules.
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Fig. 3. Here is the parts-placement diagram for the author’s prototype of the 10-MH:z
Frequency Counter. It was assembled on a universal printed-circuit board. Note that the
display is not shown in the lavout. However, by following the connection scheme outlined in
Fig. 2, almost any common-cathode display can be used with the circuit.

beled A through J and that the vertical
holes are numioer 1 through 47. Col-
umns of holes designated X and Y are
the +5V and ground buses, respec-
tively.

Carefully locate the positions of the
IC’s and mark the pin1 holes with a felt-
fipped pen. For example, pins 1 of U,
U2, and U3 are located in holes 19G,
10F, and 37F, respectively. it's a good
idea o use sockets (as the author did)
for the IC’s; aside from making IC re-
placement easier, doing so also pre-
vents possible damage 1o those parts
during soldering.

After the sockets have been
mounted inthe proper locations, install

-the jumper connections (designated
J} guided by Fig. 3. The horizontal jum-
pers may be bare wire, all others
should be insulated fo prevent shorts,
Next begin installing the support com-
ponents, starting with the resistors, then
the capacitors, and finally the crystai
(XTALY). '

Solder exira-long color-coded wires
o the board for the off-board compo-
nents. Then, as the positions of the off-
board components are established
with respect to the case, cut the wires
to the proper length and solder them
to the components, If you suspect that
the wires will inferfere with IC installa-
tion, insert the IC’s before soldering the
wires to the off-board components.

Enclosure. Any suitable case may be
drafted to house the finished circuit.
Mount the power-supply terminals or
jack, the input jack, the switches (St

PARTS LIST FOR THE
10-MHZ FREQUENCY COUNTER

SEMICONDUCTORS

UI—ICM7208 seven-decade counter,
integrated circuit

U2—ICM7207A oscillator controller,
integrated circuit

U3—CA3130 biFET op-amp, integrated
circuit

RESISTORS

(All resistors are ¥4 watts, 5% units,
unless otherwise noted.)

R1—500-0hm

R2—10,000-0hm

R3—10-megohm

R4—33.000-ohm

R5—3300-0hm

R6—1-megohm

R7—4700-ohm

R8—470,000-ohm

R9-—2200-0hm

CAPACITORS

Cl—See text

C2—22-pF, ceramic disc

C3—0.22-pF, ceramic disc

C4—1-pF 50-WVDC, subminiature
electrolytic

ADDITIONAL PARTS AND MATERIALS

J1—Miniature closed-circuit phono jack

S1—Single-pole, double-throw toggle
switch

S$2—Single-pole, single-throw
momentary-contact pushbutton switch

XTALI—5.24288-MHz crystal

Universal printed-circuit board; seven-
digit, seven-segment, common-
cathode, multiplexed, LED display
(see text); enclosure; IC sockets:
power source (see text); wire; solder;
hardware; etc.
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and $2), and the display on the front
panel of the case. The circuit board
may be trimmed to about 5-inches
long to keep case size at @ minimum.

Use a nibbling ool to cut an open-
ing for the display, but do not secure
the display to the case until wires from
the board have been connected. If a
tfrimmer capacitor is used for Cl, as will
be discussed later, drill a hole at the
proper location to allow for any adjust-
ments without removing the front pan-
el of the enclosure.

Testing. To rapid-test the circuit with a
frequency that is less than 100 Hz, use a
temporary jumper to take W pin 7, 23,
or 27 to +5V as indicated by the
dashed line shown in Fig. 1. Integrated
circuit W then applies the count to all
digits higher than D2.

Data for U2 indicates that Ct may be
a trimmer, however, a 22-pk fixed-disc
capacitor is satisfactory for most ap-
plications, and provides accuracy to
.005%. If a closer folerance is required,
use a 6-50-pfF timmer capacitor (such
as a Radio Shack 272-1340). Set the
range switch to 1 second, apply the
multiplexing frequency from U2 pin 12
o the input of U3, and adjust the trim-
mer for a readout of 1280 Hz,

Frequency Counting. When $1 is in
the 1-second position, the count range
is1Hz to1MHz and canberead directly
from the display. When $1 is in the 04-
second position, the count range is 10
Hz 1o 10 MHz. The numiber then appear-
ing on the display is Yo the frequency
being measured. (1 kHz appears as

100).
When a new frequency is being
(Continued on page 103)
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