Project

A 10-Hz to 2.2-GHz
Frequency Counter

A hand-held general-purpose counter that performs
like an instrument costing many times more than its

moderate price

By Bill Owen

frequency counter that op-
erates from the low audio
range to beyond 2.2 GHz

has traditionally been very expensive
and quite bulky. Now you can build
such a counter for $100 in electronic
components package and the print-
ed-circuit board. Add another $50 to
equip it with ac and dc powering op-
tions and a durable metal enclosure.
Furthermore, the new instrument
can fit into a jacket pocket and deliv-
ers big counter performance.

The basic counter has input ampli-
fiers and two temperature-stabilized
crystal oscillator timebases that as-
sure sensitive, accurate operation
and reads out measured frequencies
in an eight-decade LED display.

Our general-purpose instrument
can count frequencies down to 10 Hz
and up to and beyond 2.2 GHzintwo
user-selectable ranges. It permits
both antenna and direct input con-
nections, making it suitable for a
wide range of applications. For ex-
ample, you can use it to check the
clock frequency in a computer or
pick up a cellular or cordless tele-
phone signal or a ham, marine or air-
craft vhf transmitter signal. With the
antenna, its sensitive input can pick
up a strong police, fire or public-ser-
vice transmission, whose indicated
frequency can then be punched up on
a scanner for listening.

This counter’s diminutive size and
dual powering options make it ideal
for service work on your testbench
and in the field. It easily fits into a
tool kit or even a jacket pocket. If
you wish, you can also build this
compact counter into a piece of
equipment that has space for it and
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use it as a permanent panel-meter
function of the equipment.

About the Circuit

Shown in Fig. 1 is the block diagram
of the frequency counter. A signal
whose frequency is to be counted en-
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Frequency Counter Specifications

Input A Input B
Range 10Hzto 12 MHz 10 MHzt0 2.2 GHz
Input impedance 1 megohm/30 pF 50 ohms
Sensitivity (see Counter Sensitivity graph below)
Timebase frequency 10 MHz 3.90625 MHz
Stability (20°to 40° C) +2 ppm +2 ppm
Aging 4 ppm/yr

Calibration adjustment

Screwdriver adjust through front panel

Resolution/gate period

Fast 10 Hz/0.1 second 1 kHz/0.25 second
Slow 1 Hz/1 second 100 Hz/2.5 seconds
Display 8-decade 0.28 " orange LED
Dimensions 3.9"H x 3.5"W x1"'D
Weight 9 0zs.

Power requirements

Internal battery

9 volts dc at 200 mA from 117-volt ac 60 Hz
plug-in adapter; 2 hours operation
Rechargeable Ni-Cd; gives 2 hours operating
time; recharges in 16 hours while operating
from ac adapter
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time pulses by the Schmitt trigger.
Because the characteristic ECL out-
put of this circuit is not compatible
with our circuit, bipolar npn transis-
tor Q5 provides level shifting for
CMOS counter Ul.

Signals that are routed via path B
are amplified by U6 and U7 and enter
U4 where frequency division by a
factor of 4 takes place. The signal ex-
iting U4 is coupled to U2. where it is

prescaled again, this time by a factor
of 64. The total prescale factor is
then 256. Hence, one pulse enters U/
for every 256 periods of signal enter-
ing the counter.

According to the above, if the pre-
scale factor is a multiple of 10, it
would be a simple matter to move the
decimal point in the display to the ap-
propriate location to permit direct
display of the counted frequency
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without having to interpret the num-
bers. In this case, however, the coun-
ter’s clock frequency must be changed
to compensate for the divider ratio

A frequency counter is an electron-
ic device that gives a decimal display
of the number of cycles of electrical
events that occur during a given peri-
od of time. The unit of frequency is
the Hertz (Hz), which is equal to one
complete cycle per second. This
counter uses millions of Hertz or
megahertz (MHz) as its unit of mea-
surement. To assure accuracy, the
counter uses a clock reference to con-
trol the amount of time pulses are
counted by it’s electronic counters.
All of this activity occurs inside U1,
which is designed to use a 10-MHz
clock for its reference.

Any deviation from the 10-MHz
clock frequency results in a corres-
ponding change in the length of time
the counters inside U/l will count.
This is used to advantage in our
counter. When the 2.2-GHz maxi-
mum signal frequency is prescaled by
256, the result is a frequency of
8.593750 MHz. Therefore, the clock
frequency must be reduced so that
the counters accumulate pulses for a
longer period of time.

Since the counter uses a display
made up of eight decades (digits),
22000000 is the number that should
be displayed at the counter’s maxi-
mum operating frequency. With the
standard 10-MHz clock frequency,
the displayed figure would be
8593750 after 1 second. To give the
correct display, the counter would
have to accumulate pulses for 2.56
seconds, which is a lengthening the
gate time by a factor of 2.56.

To arrive at the correct clock fre-
quency, you would divide 10 MHz by
2.56 to obtain 3.90625 MHz. At this
clock frequency, the FAST and SLOwW

Fig. 2. Complete schematic diagram
of counter’s circuitry.
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Semiconductors

CR1,CR2,CR3—1N4148 or
small-signal diode

CR4;CR5—1N4005 or similar rectifier
diode

Q1—PN3625A pnp transistor

Q2,Q3—PNS5139 pnp transistor

Q4,Q5,Q6—PN2369 npn transistor

Q7—1J309 n-channel field-effect tran-
sistor

U1—ICM7216 counter/timer/display
driver

U2—CA3179/9321-012 prescaler

U3—B582C prescaler

U4—7805 + 5-volt fixed regulator

US5—CD4066 quad bilateral switch

U6,U7—MAR-6 MMIC r-f amplifier

U8—10116P triple line receiver

V1,V2—DL/DL04770 common-cath-
ode 4-decade, 7-segment LED display

V3—T1 red light-emitting diode

similar

Capacitors

C1 thru C4—0.1-u4F surface-mount
chip

C5 thru C10—1,000-pF surface-mount
chip

C11 thru C22—0.1-4F, 50-volt mono-
lithic

C23—100-pE disc

C24,C25—15-pF NPO disc

C26—100-pF, 6.3-volt electrolytic

C27 thru C30—47-xF, 6.3-volt electro-
lytic

C31,C32,C33—330-uF, 16-volt radial-
lead electrolytic

C34,C35—1-t0-23-pF pc-mount trimmer

C36—220-pF monolithic

C37,C38—390-pF monolithic

C39,C40—47-pF monolithic

Resistors (!4-watt, 5% tolerance)
R1—100 ohms
R2,R3,R4—100 ohms

PARTS LIST

R5 thru R12—1,000 ohms

R13 thru R17—10,000 ohms

R18,R19—100,000 ohms

R20 thru R26—510 ohms

R27,R28—150 ohms

R29—2,200 ohms

R30—a2.7 ohms

R31—51 ohms

R32—1 megohm

R33—680 ohms

R34—3,600 ohms

R35—27,000 ohms

Miscellaneous

B1—6-volit.Ni-Cd rechargeable battery
(4 AA cells in series)

J1—Pc-mount dc power jack (to match
9-volt dc plug-in power supply)

J2—Chassis-mount female BNC con-
nector (modify as described in text)

K1—Pc-mount S5-volt dc relay with
dpdt contacts

SW1,SW2,SW3—Miniature slide or
toggle dpdt switch

Y 1—3.90625-MHz solder-mount crystal

Y2—10-MHz solder-mount crystal
Printed-circuit board; socket for Ul
(see text); 9-volt dc, 300-mA plug-in
power supply; suitable enclosure;
machine hardware; solder; etc.

Note: The followin'g items are available from
Optoelectronics Inc., 5821 N.E. 14 Ave.,
Ft. Lauderdale, FL 33334 (800-327-5812;
in Florida, 305-771-2050): Kit of all com-
ponents, but not enclosure, $99. Avail-
able separately; double-sided pc board
with plated-through holes, No. PCB-
2210, $25; 9-volt dc, 300-mA plug-in pow-
er supply, Part No. AC-22, $9.99; Ni-Cd
battery, Part No. NiCad-22, $20; enclo-
sure & hardware, Part No. CAB-22,
$20.00. Also offered is an assembled and
calibrated unit, Model 2210, for $189.
Add 5% for P&H. Florida residents,
please add 6% state sales tax.

gate times become 0.256 and 2.56
seconds, respectively, with the reso-
lution or least-significant digit 1,000
and 100 Hz, respectively. Selection
between the FAST and SLOwW gate
times is via SW3B, while SW3A4
switches the decimal point as needed
in the ¥1/V2 display via Ul.

Notice in Fig. 2 that two clock os-
cillators are provided. One or the

other is manually selected according
to desired range by switch SW2A4. In
position A, the 10-MHz clock is used
since path A directly couples into
counter chip UI without undergoing
prescaling. Position B of SW2A4
switches the 3.90625-MHz clock into
the line during the prescaling opera-
tion. Both clock oscillators have sep-
arate calibration trimmer capacitors
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that permit adjustment for maxi-
mum accuracy.

Both clock oscillators are a modi-
fied Pierce design built around bipo-
lar npn transistors Q5 (10 MHz) and
Q6 (3.90625 MHz). Power to each
oscillator is switched by RANGE
switch SW2A. The other half of this
switch, SW2B, routes the oscillator
outputs to COUNTIN pin 25 of U1.

Count accuracy is determined by
accuracy of the timebase clock oscil-
lator. Trimmer capacitors C34 and
C35 permit you to adjust each oscil-
lator so that it is precisely on frequen-
cy. A precisely known reference fre-
quency must be read by the counter
and each oscillator must be adjusted
until the frequency in the counter’s
display is ‘‘on the money.”’

After calibration, normal aging
will cause the oscillators’ frequencies
to change over a period of time. This
aging is caused by several factors.
One is that microscopic particles may
get knocked off the quartz of which
the crystals are made over a period of
time, slightly changing the mass of
the quartz and, thus, the frequency at
which it oscillates. Another is that
the plating on the crystal will under-
go some oxidation, even though the
crystal housing is filled with inert
gas. Also, the plating may undergo
stress relief.

These processes will slow down af-
ter the first year to a more predictable
rate. Until then, though, it is wisé to
check calibration as often as possible
and make whatever adjustments are
needed to compensate for the aging
effects.

Temperature will also effect the
accuracy of the crystal oscillators. If
calibration is done at room tempera-
ture and areading is taken at a higher
or lower temperature, there will be
some error in the displayed figure.
This is why it is desirable to have
some type of temperature compensa-
tion. Larger counters can use a Crys-
tal oven where temperature is pre-
cisely maintained. This counter does
not have an oven.
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Fig. 4. Wiring guides for top (left) and bottom (right) of the pc board. All components mount directly on the pc board,
including a cluster of surface-mount capacitors and IC amplifiers at upper-left in top view.

fast, however, all digits in the display
appear to be on continuously.

Pin 2 of U1, labeled MIP is a mea-
surement-in-progress status output
indicator. When a count is being
made, the signal at this point sends
Q3 into conduction and turns on
light-emitting diode V3.

Construction

Printed-circuit construction is a must
for this project. This board should be
double sided. You can fabricate your
own pc board or purchase a ready-to-
wire board from the source given in
the Note at the end of the Parts List.
If you make your own board, lack of
plating-through for the holes will re-
quire that you solder all component
leads and pins to the copper pads on
both sides of the board and that you
make provisions to continue conduc-
tors from one side to the other of the
board where soldering access is not

possible at a component. Use the ac-
tual-size etching-and-drilling guides
given in Fig. 3 to fabricate your board.

Note in the wiring guides for the
board given in Fig. 4 that compo-
nents mount on both sides. The
“‘top’’ side of the board is the one on
which the numeric displays and ma-
jority of the components that make
up the circuitry mount. The bottom
of theboard will haveonit Ul, there-
lay, the AA cells that make up the
battery and a handful of discrete
components.

Before installing any components
on the pc board, prepare a chassis-
mount female BNC connector to fit
into place over the edge of the pc
board in the notched area. Do this by
cutting a slot across the threaded por-
tion of the shell with one side offset
just enough so that it is in line with
the connector’s center conductor pin
and the other side spaced the thick-
ness of the board away. Do this by
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clamping the connector in a vise be-
tween two pieces of soft wood and
slicing very carefully with a hacksaw.
Make the slot just wide enough to fit
over the edge of the board without
biting into the copper cladding.

Set the connector in place, as in the
“bottom view’’ illustration in Fig. 4.
Solder the center-conductor pin to
the narrow pc trace at the bottom of
the notch in the board. Make sure
this pin touches only the specified
trace when you are done. Then use a
high-wattage soldering iron or a sol-
dering gun to liberally solder the con-
nector shell to the copper cladding on
both sides of the board and on both
cut edges on the same side.

Next, install and solder into place
the relay on the bottom side of the
board. Flip over the board and refer
tothe “‘top view’’ drawingin Fig. 4 to
install and solder into place ICs U2
and U3. Make sure each is properly
oriented before soldering any pins.

Say You Saw It In Modern Electronics



www.americanradiohistory.com

www.americanradiohistorv.com


www.americanradiohistory.com

www americanradiohistorv . com


www.americanradiohistory.com



www.americanradiohistory.com



