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FREQUENCY
STANDARD

ALIGNMENT
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Figure 4

CALIBRATION

{ } With the cabinet shells installed, turn the Counter on
and allow it to warm up for 30 minutes.

{ )} Locate the alignment tool.

NOTE: If the rear panel on your Counter has a hole marked
LEVEL ADJ, ignore this hole; it will not be used.

INPUT CIRCUIT

NOTE: The input circuit was calibrated during the “Initial
Tests.” If you wish to recalibrate the input circuit, remove
the top cabinet shell and perform only the steps under

“Input Calibration” on Page 76. Then reptace the cabinet
shell.

normal,

HHATEFRIT®

TCXO ADJUSTMENT

The TCXO (temperature compensated crystal oscillator)
comes adjusted to the proper frequency within 1 ppm.
NOTE: Only perform the following steps if a frequency

standard is available that has at least 107 accuracy,

NOTE: The ICs on the input circuit board will operate
hotter than the IC's on the other circuit hoard. This is

{ ) Refer to Figure 4 and connect a 1 MHz frequency
signal to the input of the Counter.

{ ) Adjust the OSC ADJ control of the TCXO, through
the rear panel, until the readout of the frequency
counter is exactly equal to the input frequency.

This completes the “Calibration.”’
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OVERRANGE LAMP

Indicates when the frequency heing counted is too
high to be displayed with the front panel switches in
their present posltions.

GATE LAMP

On when counter Is counting, off when display is
updated. {Will be off when the 1 mSec time base s
selected.)

UNL K LAMP

On when frequency multiplier is searching. Oif when
1 frequency multiplier is locked or time base is in X1
position,

DISPLAY MHz-kHz-Hz LAMPS

TUBES

Selected by TIME BASE and MULTIPLIER switches,

va

T BEATHEKIT FReGuENCY COUNTER

MOCEL 13-103 | |

TIME BASE

POWER

MULTIPLIER

3 e—— e — —
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INPUT CONNECTORS

POWER SWITCH

Turns the Counter on and off. On
when “in,” off when “out.”

TIME BASE SWITCHES

Select 1 mSEC, 100 mSEC, or 1
SEC time base when pushed in.

MULTIPLIER SWITCHES

Salect multiplication ratic of 1,10,
100, or 1000 when pushed in,

OSCILLATOR SWITCH

Selects either the internal or an
extarnal clock oscillator.

OPERATION AND APPLICATION

Refer to Figure 5 for a brief descriptiori of each control
function.

DISPLAY UPDATING

When you use the one second time base, push the 1 SEC
switch to the IN position and wait 3 seconds. Within 1.6
seconds a display will appear. However, this first display is
inacclirate as it was probably counted in less than one
counting period, The second display, which will appear 1.5
seconds after the first, will be counted over a full counting
period and will therefore be accurate. The 3-second wait is
not necessary in the other time bases, as the freguency
display is updated sooner,

+1 COUNT

The clock of a digital counter is not synchronized with the
incoming signal. That is, the 1-second standard in the
Counter is started randomly with respect to the input signal.
This makes it necessary to wait for 3 seconds when the
TIME BASE switches are in the 1 sec position and causes a
*1 count error as shown in Figure 8, |f the clock starts as
clock A, the counter wili count 10 pulses in that second.
However, if the clock starts as clock B, the counter will
count 11 pulses in that second, Hence, digital counters have
an inherent error of %1 in the least significant digit. The
range does not matter, The right-hand digit is always *1
count.

Figure b

HEATHKIT?®

A | SECOND | I
CLOCK _i_}.__lu PULSESJSEC'—H_
INPUT CONNECTOR | ' :
b SECOND |
. For an external clock oscillator, ’ crock R R

Figure 6
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FREQUENCY MULTIPLIER .
The frequency multiplier can be used to:
A. Increase the resolution of the Counter.
B. Quickly display low frequencies.
Increasing Counter Resolution

To increase the counter’s resolution to 1/10 Hz, 1/100 Hz,
of 1/1000 Hz, use the one second time base and the
frequency multiplier, The readout stability is a function of
the stability of the input signal —

1 Hz input drift X1000 = 1.000 Hz display drift

Example: Tune an organ.

Needed - a microphone with good sensitivity.

1. Hold the note long enough for the UNLK
{unlock) tamp to turn off, When you tune the
note, the multiplier will “track’ the change and
not uniock.,

2. When you change notes, the multiplier will need
to relock.

WARNING: When yéur line cord Is connected to a 3-wire,

polarized power line outlet, DO NOT use the common

=y s ATEIICITS
13
{negative) lead of this Counter when you measure power line

frequency. This could short circuit the power line through
the common lead, the chassis, and the green fine cord wire.

Example: Monitor 60 Hz line frequency.
Needed — an isolation transformer.

1. Connect the test cable to the transformer and
select the desired multiplication ratio.

Quick Display of Low Frequencies
To: A. Trackan audio signal.

B, Adjust an audio generator in a minimum
amount of time,

How: Use the frequency multiplier and a fast time

base.

Example: Set an audio generator at 410.12 He.

1. Multiply the input signal by 1000 and use the
100 mSecond time base. Then adjust the
generatot to read 410 .12 Hz +1 digit.

2. Switch to the 1 second time base and adjust the
generator to read 410,120 Hz.

= P EIEATEIITS

OPERATING RECOMMENDATIONS

1. Allow a warm-up time of 5 to 6 minutes before you
do any accurate measurements,

2. Avoid overloading the input with signals that excead
the rated input capabilities. See the ‘Specifications’
on Page 97.

3. Be sure the Counter is grounded, either through the
line cord or a separate ground wire. At high
frequencies, always ground the input cable as close to
the signal source as possible,

WARNING: When your line cord is connected to a 3-wire,
polarized power line outlet, DO NOT use the common
{shield) lead of this Frequency Counter when you measure
power line frequency. This could short circuit the power line
through the common lead, the chassis, and the green line
cord wire.

BNC CONNECTOR ,

TEST CABLE

Figure 7

4, When you measure pulses of high amplitude and fast
rise time (rise time >b0 nanoseconds and amplitude
>200 mV), put a 10 k&, 1/4-watt resistor in series
with the test cable to eliminate any ringing in the test
cable. See Figure 7.

Any cable will work with this Counter. Therefore, you can
also use coaxial or other transmission line, terminated in its
characteristic impedance, 1o eliminate serious reflections
along the line which could otherwise damage the equipment
under test. However, this will lower the impedance to the
Counter, as the impedance will be the characteristic
impedance of the transmission line.

TEST CABLE BNC CONNECTOR

Figure 8

When you measure frequencies from a transmitter
with a power greater than 1/2 watt, use a coupling coil
in place of a direst connection. Three turns of a
hook-up wire connected to the end of the test cable,
as shown in Figure 8, will provide enocugh signal to
trigger the counter. Place the coil just close enough to
the signal source for the Counter to count. NOTE: De
not connect the ground to the transmitter and place
the coil in the same axis as the transmitter coil or
around the antenna.

Do not use the T mSEC time base with the frequency
multiplier because:

A.  The short term stability of both the source and
the Counter will cause a large change in the last
digit or two.

B.  There is no advantage to using the 1 mSEC time
base over the 100 mSEC time base, since the
hold-off time is so long compared to the count
time. '

C. The 1 SEC time base is the most accurate, since
it averages out the short term instability.

Do not place the Counter on top of ahy heat
generating device or test instrument, or the rated
accuracy may be affected.
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IN CASE OF DIFFICULTY

CONTENTS

Visual Tests

Troubleshooting Information
Troubleshooting Charts
Replacement Parts and Price Information

Use the “Visual Tests” first to find a difficulty that shows
up right after your kit is assembled. You can also use the
“Troubleshooting Charts” right after your kit is assembled,
or at some future time ih case your Counter should ever
begin to malfunction.

If the trouble is still not located after the *"Visual Tests' are
completed, and a voltmeter is available, check voltage
readings against those shown on *Power Supply Check”
{fold-out from Page 80}. Read the "Precautions’ on Page 88

before making any measurements. NOTE: All voltage
readings were talken with a high input impedance voltmeter.

In an extreme case where you are unable to resolve a
difficulty, refer to the “Customer Service” information
inside the rear cover of ihe Manual. Your Warranty is
located inside the front cover,

NOTE: Refer to the “Circuit Board X-Ray Views on Page
109 for the physical location of parts on the circuit boards.

VISUAL TESTS

1. Recheck the wiring. Trace each lead in colored pencil
on the Pictorial as it is checked. It is frequently
helpfut to have a friend check your work, Someone
who is not familiar with the unit may notice
something consistantly overlooked by the kit builder.

2. About 90% of the kits that are returned to the Heath
Company for repair do not function properly due to
poor connections and soldering. Therefore, many
troubles can be eliminated by reheating all
connections to make sure that they are soldered as
described in the “"Soldering” section of the “Kit
Builders Guide.”

3.  Check to be sure that all transistors are in their proper

locations. Make sure each lead is connected to the
proper point.

HEATIHIKIT®

4, Check that each of the IC pins are properly installed in
their connectors, and not bent out or under the IC.
Also be sure the IC's are installed in their correct
positions.,

5. Check thevalues of the parts. Be sure in each step that
the proper part has been wired Into the circuit, as
shown in the Pictorial diagrams. It would be easy, for
example, to install a 680 £ (blue-gray-brown} resistor
where a 6800 £ {blue-gray-red} resistor should have
been installed,

6. Check for bits of solder, wire ends, or other foreign
matter which may be lodged in the wiring.

7. A review of the ‘‘Circuit Description” may also help
you determine where the trouble is.
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TROUBLESHOOTING INFORMATION

PRECAUTIONS

1. Be cautious when testing 1C and transistor circuits.
Although they have almost unlimited life when used
properly, they are much more vulnerable to damage
from excessive voltage or current than tubes,

2. Be sure you do not short any terminals to ground
when making voltage measurements. If the probe
should slip, for example, and short ocut a bias or
supply point, it is very lilely to cause damage to one
or more C’s, transistors, or diodes.

EXTENDER
CIRCUIT
BOARD

2

EXTENDER CIRCUIT BOARD

If you troubleshoot either the input, time base, or frequency
multiptier circuit boards, first install the extender circuit
board as follows:

{ } Turn the Counter off.
{ ) Remove the desired circuit hoard from the Counter,

plug in the extender circuit board, and then plug the
removed circuit board into the extender circuit board,

See Figure 9.

" Figure 9

Page BO

TROUBLESHOOTING CHARTS

GENERAL TROUBLESHOOTING

These Troubleshooting Charts include the “General
Troubleshooting” chart below, and the “Frequency
Multiplier’* and “Time Base Charts” that follow. Refer to
the “Sample Test Chart” information on Page 90 before you
use the “’Frequency Multiplier” or “Time Base Charts.”

Check the “Condition” column of the following chart for
the condition that fits your trouble, Then refer to the
“Possible Cause’” column and check the part or perform the
indicated step.

NOTE: Interchange common types of IC's if you suspect
one of being bad.

CONDITION

POSSIBLE CAUSE

Gate light does not flash
in 1 mSEC time base.

1. This is normal.

Gate light does not fiash
{in 1 SEC or 100 mSEC
time base), but all

display tubes indicate
zaro, {The least significant
digit tube may indicate
Zero or one.)

1.  Time Base switches and their
wiring.

2.  Time base circuit board,
Proceed to “Time Base
Troubleshooting' on Page 94,

3. Inputcircuit board,

Gate light does not flash and

all display tubes are not reset to
zero except least significant
digit tube.

1. Time base circuit board. Proceed
to “Time Base Troubleshooting’
on Page 94,

Gate light flashes, but all display
tubes are not reset to zero (except
least significant digit tube).

1. Transistor Q202 on time base
circuit board.
2, Counter circuit board.

Gate light flashes and all display
tubes are reset to zero except ieast

1. Wiring between input circuit
board and counter circuit board.

is Inoperative,

significant digit tube. (Least signi- 2. Input circuit.board.

ficant digit tube OK if showing zero

or one.}

Counter counts; frequency multiplier 1. Frequency multipliet circuit board,

Proceed to "‘Freguency Multiplier
Troubleshooting’’ on Page 91.
2, Input circuit board.

All numbers in a display tube are turned
on all at once, either continuously or
intermittently.

-

Associated decoder/driver IC.
2, Short circuit on counter circuit
board or at tube socket.

All numbers in all display tubes {ight.

1. Svalt supply.

Cannot stop random count as
described on Page 76, “Input Calibration.’”

Test cable is connected to Input,
. Input circuit board.
3.  Capacitor C1 defective.

[ S Y

IC’s on input circuit board are hot
to the touch.

1. This is normal.
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SAMPLE TEST CHART e

Learn how to use the following “Troubleshooting Charts,"”
by referring to the Sample Test Chart below and reading
through the following paragraphs. Do not actually perform
the steps. The numbered paragraphs below are keyed to the
circled numbers on the chart. .

® Turn the Counter Off or On, as instructed here, with
the On-Off switch. WARNING: Always turn the
Counter Off when you remove or install 1C’s. When
you remove or install any other component, always
unplug the line cord, as line voltage is present at a
number of points in the chassis as shown by the
hoxed-in areas in the “Chassis Photographs’ on Page

Follow the instructions given here before you perform
the test.

@ This is the test result.

As a step is performed, you will get a YES or NO result {or
other instruction), which steers you to the next step, These
steps will quickly bring you to a point where you are
instructed to check a particular component. Check the
component for proper installation. Replace the component
if itis faulty.

After a repair has been made, check the Counter for proper
operation, or follow the instructions in the step on the Chart
where the fault first showed up. If the kit stili does not
perform properly, return to the beginning of the Chart and
begin the fests again. Possibly there is more than one
problem that must be corrected.

Do Not Use This Sample
Test Chart for Any Tests

107.

ON/OFF

STEP SWITCH

NO. POSITION

. ofF”
@ Remove R524 and R526.
N
Display indicates 100.0 Hz,

@ YES

ON/OFF
SWITCH
POSITION

ON

Check Ob11,

YES

OFF

Replace 1C509.

B g AT TS
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FREQUENCY MULTIPLIER TROUBLESHOOTING

{ ) See the “Sample Test Chart” on Page 90 before
proceeding.

{ )} Apply a 100 Hz input signal to the input of the
Counter.

{ } Position the front and rear panel switches as follows:

FRONT PANEL REAR PANEL
On/Off IN 0sC INT
1 SEC IN

X10 IN

Frequency Multiplier Chart #1

OFF

Remave R524 and‘ R525,
ON

Display indicates 1000 Hz, NO

YE&
|

OFF

Check Q611, C509, and IC508 gate C. After repairing, reinstall
resistor R624 and R575.

{ )} Check the power supply voltages at J5. See “Power
Supply Check’* on the fold-out from Page 80.

{ )} Turn off the Counter and disconnect the input signal.
{ )} Turn the Counter on and watch the UNLI lamp.

{ ) Reconnect the 100 Hz input signal and waich the
UNLK lamp.

( ) If the UNLK lamp is off but was on when there was
no input signal, proceed to “Frequency Multiplier
Chart #1.,” 1f the UNLK lamp is on and does not turn
off, proceed to “Frequency Multiplier Chart #2.”

OFF

|:> Replace ICBOY, Also reinstall resistors R624 and R525.
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Frequency Muiltiplier Chart #2 2 IC 509

FREQUENCY
MULTIPLIER
CYRCULT
BOARD

OFF

Remoave ICB0Y, Connect wire from connector 2 to connector 6 as

shown at top of next column,
ON
0N

Measure voltages at pins 3 and 11 of 1C508. If one is high and one is
Counter displays unstable frequency. . NO low, repiace |CSO§. If both are low, check 1502, 1CB0E, 1C603,
g IC500, and transistors Q601 and QB02. Then remove wires and

reinstall 1C503.
QES
5 G

Remove 0513, Connect 10 k§2 control {(#10-308, supplied with Remove Q513, QB06. and 0505, Connect a YVTVM to connector 2
your kit] between +5 volts and ground with center lug to sourcets) at 1C501 ‘ ! '

of Q613 as shown in Figure 10.
ON
oN

With a wire, short out capaciter C508 several times. VTVM should NO
NO indicate 4 volts; then 3 volts as you short out the capacitor. 11

unstable frequencies from 100 Hz to 10 MHz, 12
YES
YES
- OFF
aFF
Renlace Q505 or Q506. Than reinstall 06513,

Remave control and replace QB13,

QM'“' s K
Remove 1C508. Connect wires from connectors 7 to 11 and 3 to 14.

/ Vary control from minimum to maximum. Counter should display

OFF

Replace |C501 or Q504. Then rainstall Q613.

WMAX, :
Fi 10 Measure voltage at collector of Q509. Should he approximatety 7 NO Replace ZD503, 0BO3, or O504. Than remove the control
igure volts. 13 ? and repl ' ' .
place 1C509,
. YES

OFF ON

Measure voltage at collecter of Q508. Should ke <0.6 volt. NO
Connect wites from connectors 7 to 3 and 11 to 14 at |CB08. - 15
ON QE%
Measure voltage at collector of Q509. Should drift down to 1 valt or NO OFF
less.,
1 Replace Q510 ¢r ZD501, Then remave wires and replace C508.
T
OFF OFF
Remove wires and replace |CH08. Replace Q508. Then remove wires and replace 1C508.
OFF OFF
Fg‘r::]‘;ve 10603. Conneot wire from connector 1t to connector 5 at Repiace 502, Then remove wires and reinstall ECBC8,
ON
DFF
Measure voltages at pins 13 and 2 of |C507. Both pins should be )
about +3 volts. 17 Replace 1C507. Then remove wires and reinstall ICE03.

| | 35
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TIME BASE TROUBLESHOOTING ' ' ' Time Base Chart #1

( )} Position the front and rear panel switches as follows: (See the "Sample Test Chart”” on Page 90 before
proceeding. )
FRONT PANEL

OFF |
oot IN 1
1 SEC IN With VTV, check voltage at pin 12 of 1C210. |
Xi IN

ON
REAR PANEL | If high* for 1 sec and low for 1.5 sec, replace 1C207. If high for 1
sec and low for 1 sec, check 16210, 1€208, R206 and C202.

0sc INT .

{ } Check the power supply vo!taées at J4-6. See “"Power

Time Base Chart #2
Supply Check’” (fold-out from Page 80}.

p {See the “Sample Test Chart” on Page 90 before
proceeding. )
CONDITION POSSIBLE CAUSE
Gate lamp does not flicker. 1. Check the Gate lamp and Q201. o
If OK, go to “Time Base Chart #2." OFF
— . With VTVM, check uoh-;age at pin 12 of 1C210. Check voltages at pins 11 and 12 of (C's 201, 202, 203, 204, 205,

Gate lamp flashes, but at a rate 1.. Proceed ta ""Time Base Chart #1. p” and 206.
different from the following: _

ON — 1 second If high, ¥ go to step 5. If low, go 1o step 2.

OFF — 0.5 second If all high, check 1C211 and TCXO. |f some are high and some are

low, reptace the decade with the low. If all low, replace 1C208,

Gate lamp flashes, but readout is 1. Replace 1C209. . OFF

locked.

Check voltage at pin 9 of G210,

OFF

Gate lamp flashes, but readout is 1. Input circuit board. oN
reset to zero,

Check 1C210. tf OK, replace 1C204.

.

If high:go to step G. If low, go to step 3.

Gate lamp flashes, but readout is 1. 1C209. —
an attenuated count.
i y s OFF Check 1C208, (G207, 1G211, and TCXO.
lL Gate lamp flashes, but readout is 1. 1C209. Chock vt st o B of 10708,
I an increasing up-count. =
i

DFF

If high*go to step 7. If low, go to step 4.
Check 1C208, R205, and C202.

7

*NOTE: High =3V, low >~ 0.4V.
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SPECIFICATIONS

FREQUENCY MEASUREMENTS

Range . . . . . . .. . . ... ... ..., T Hz to 180 MHz,

Gate Time . . . . . . . @ . v v i e e s e e e e 1 millisecond, 100 milliseconds, or 1 second,
ACCUTACY . v 4 v v v v v e e v e e e e e e e 1 count * time base stability.

Readout . . . .. . . . .. . . . ..., MHz, kHz, or Hz with positioned decimal point.

SIGNAL INPUT

Maximum Sensitivity . . . . . . . . .. ... .. ... 50 mV maximum, 25 mV typical, to 120 MHz.
100 mV to 180 MHz.

Coupling . . . . . . . . . . . . e .. AC and DC. (Two separate inputs.}

Impedance . . . . . . . . . . i e e e e e 1 M£2 in parallel with 35 pF.

Trigger Level . . . . . . . . ... e Automatic,

HEATEHEITS 97
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3
130 Y A - S W41 R
T 1 1 TR
!
113 [ 1 ] g % %
100 ST 1 1 UNSAFE AREA |
2 o] -HH ——
o | L1 A
v 30 B
2 T ——1 H—1
" i Jiim=,
= ° MAX. VOLTAGE
L — 1 curve
49 - A1 - % ! |
30 - —
20 o
0 . |
! . T I
INPUT FREQUENCY
Overload . . .« v« ¢ v v e e e e e e e e e e Diode-protecied inpui circuit. See graph above.
TIME BASE )
Crystal Frequency . . . . o« v« o o v oo e e 4 MHz TCXO ({Temperature Compensated Crystal
Oscillator).
Stability
AgingRate . . . . . . ..o +1 ppm/yeat.
Short Term . . . . o v o o v v e e e e e Better than 0.5 ppm in 1 second.
Temperature . o « « v e e e e e +1 ppm between 16°C to 40°C.
LineVoltage . . . . . . . « « « v o v o oo oo 0.5 ppm with +10% voltage change.
Frequency Trimming . . . .« « v v o v v oo oo s Accuracy: +1 ppm.
Range: =10 ppm.
Sample Rate . . . . o .« 0 e e e e ~ 5OO milliseconds. {Time between 1wo openings of

FREQUENCY MULTIPLIER

Ranges Versus Input Frequency . . - . . . .« o - s

cbunting gate.)

X1:
X10:
X100:
X1000:

No multiplier used (1 Hz — 180 MHz).
100 Hz to 300 kHz.

10 Hz to 100 kHz.

10 Hz to 10 kHz,

Page 99
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ACCUFACY + v v o 2 v o o bt v v e e e e e o e o n e X10: +1 count * time base accuracy.
X100 11 count = time base accuracy.
X1000: At <600 Hz, £1 count % time
base stability.
At>500 Hz, +2 counts % time
base stability,
ToRemain Locked . . . . . . « v« o v o o v v e e Frequency rate of change must not exceed 10 Hz.

Lock Time After Step Frequency
Change . . .« v v v o e e e e e e e e e ¥10and X100: 5 seconds for frequencies <5600 Hz;
3 seconds for frequencies >600 Hz,

X1000: 16 seconds for frequencies <G00 Hz; 1
second for frequeneies >>b00 Hz.

Lock Indicator . . . v« « v v v e e n e e e e e Front panel tamp; “Off"* — locked, #On” — unlocked.

EXTERNAL TIME BASE INPUT

FIEQUBNCY - « « « o+« o o e b e e e e e 1 MHz with stability >107.

Input lmpedance . . « . . o . .o e e e e 1000 £2.

Maximum Input . . . . . .« o .o oo 3 volts rms,

GENERAL

Display o« v v e e e e e e e e e e 8-1/2 digits plus overrange, gate, MHz, kHz, Hz and

unlocked lamps.

Operating Temperature Range . . . . . . . e e Operating 10°C to 40°C,

Power Requirements . . . . . . .« . 0. .0 110-130 or 220-260 VAC, 50/60 Hz. 40 walts when not
using frequency multiplier. 45 watts when using frequency
multiplier.

CONNECLOIS .+ 4 « + «+ v + 4 o v s vt b s et s s e a a s Three BNC's. Input (AC and DC) on front panel; external

clock on rear panel.
Cabinet DIiMeNsions . . . « « v« &« v e h e e e e 8-5/8" wide x 3-56/8" high x 9-1/4" deep.

NetWeight . . . .« « o v v o o v v o v o e 9 ibs,

The Heath Company reserves the right to discontinue
instruments and to change specifications at any time
without incurring any obligation to incorporate new features
in instruments previously sold,
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CIRCUIT DESCRIPTION

Refer to the Schematic Diagram {fold-out from Page 125)
and the Block Diagram (fold-out from Page 100) while you
read this “Circuit Description.”

The following *“Theory of Operation” contains a general
description of the circuits. The remaining sections describe
each cireuit in detail.

THEORY OF OPERATION

The signal to be counted is applied through the input
connector and cable to the input circuit board. There it is
“squared” by the Schmitt trigger and applied to the GATE
or the frequency multiptier {depending on the positions of
the front panel switches}). If the signal goes to the frequency
multiplier, it is multiplied by 10, 100, or 1000 before it is
applied to the GATE,

During the time the pulse from the time base circuit board
(GATE pulse) is present at the GATE, the GATE is open
and the frequency is counted by the following decade
counters. After the GATE is closed, at the end of the GATE
pulse, the “count” in the decade counters is transferred to
the memories by the transfer pulse, At this time, the tube
drivers turn on the proper cathodes of the display tubes and
the frequency is displayed. The reset pulse then clears the
decade counters to be ready for the next time the GATE is
open.

The duration of the GATE pulse is determined by the
positions of the Time Base switches, The pulse is of one
second duration in the 1 SEC position, 100 milliseconds in
the 100 mSEC position, and of one millisecond duration in
the 1 mSEC position,

HEATHIKIT?®

INPUT CIRCUIT BOARD

The input signal is applied to impedance converter cirouit
transistors Q401 and Q402. This circuit has a high input
impedance, a low output impedance, and a stage gain of less
than one. The signal is then applied to the current amplifier,
Q403. Q403 has a very low output impedance and,
therefore, can drive the input capacitance of the following
stage and maintain a very good bandwidth.

Differential amplifier transistors Q405 and Q406 further
amplify the signal and then apply it to current arplifiers
Q407 and Q408. Transistor 0404 serves as a constant
current source for the differential amplifier.

Current amplifiers Q407 and Q408 have a relatively high
input impedance and therefore do not load the differential
amplifier. Q407 and Q408 also provide the low driving
impedance necessary for the next stage; Q409, Q410, Q41 1,
and Q412,

Transistors Q408, Q410, 0411, and Q412 make up a
differential cascode amplifier. Transistors 0409 and Q410
provide current gain, and transistors Q411 and 0412 provide
voltage gain. Control R418 adjusts the current through the .
differential cascode stage. By adjusting the current, the
voltages at the collectors of transistors Q411 and Q412 are
adjusted, When this voltage is changed, it ¢hanges the voltage
on the emitters of transistors Q413 and Q414, and
consequently the quiescent leve! at the inputs to the Schmitt
trigger. Transistors Q413 and Q414 are current amplifiers
and provide isolation between the amplifiers and the
Schmitt trigyer {IC402, FFA), The output from FFA of
IC402 is at ECL (emitter coupled logic) levels with proper
rise and falf times necessary to drive the following stages,
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IC401 is an operational amplifier that senses the average
voltages at the inputs to the Schmitt trigger. It then adjusts
the bias on transistor Q406 to equalize the inputs to the
Schmitt trigger.

The TTL (transistor transistor logic) GATE pulse from the
time base circuit board is changed to ECL. levels by resistors
R434 and R435. Section C of 1C403 and FFB of 1C402
improve the rise and fall times and invert the GATE pulse.
The inverted GATE pulse goes te the gated multiplexer and
turns it on and off at the proper times.

There are two outputs from the Schmitt trigger (IC402).
The Q output goes to Section A of IC403, which serves as a
line driver to the freguency multiplier. The Q output of
1CA02, FFA, goes to Section A of 1C404, If the multiplier
circuit is activated, the multiplied output from ICBO9B
comes into Section B of 1C404. Section C of 1C404 enables
either Section A or Section B of 1C404, depending on the
status of the multiplexer control input (pin @). The outputs
of Sections A and B of 1C404 of the gated multiplexer go to
the first decade counter. The outputs of the first decade
counter are then applied to differential level translators,
which convert the ECL levels to TTL levels, to drive the
following logic on the counter circuit board.

COUNTER CIRCUIT BOARD

The A, B, C, and D line signals, which represent 1-2-4-8 BCD
{binary coded decimal}, from the input circuit board are
connected to 1CG102, a bufferfstorage unit. During the
transfer pulse from the time base circuit board, which is
amplified by transistor Q101, the 1-2-4-8 information is
stored in 1C102. Then decoder/driver |C103 decodes the
1-2-4-8 into decimal and grounds the proper cathode of
display tube V1. The cathode then glows and displays a
numnber.

During the counting time, the signal to pin 2 of IC102 is also
used as the carry and drives the next decade counter, 1C107
and 1C104. 1C101 divides by two and 1C104 is connected to
divide by five. The following counters then each divide the
carry signals they receive by 10. The buffer/storage,
decoder/driver, and display tubes function as previously
described, During the reset pulse, all the decade counters are
returned to 0. The selected decimal point in the display tube
is connected through the switching system to ground,

The last carry pulse is applied to the clock input of FFA of
IC125, as shown in Figure 12. The flip-flop changes state
and the Q output is applied to the clock input of FFB of
IC125 and the D input of FFA of I1C126. When the transfer

e Y S ELATELRCITS
10y
R112
R111 wn
LAMP GVER
Q104 Q103
R108
R10Y
5
C126 0
FFA
CLOCK D
TRANSFER 3] 2
12 9
C125 Q Icizs  Q
FFA FEB v
CLOCK CLEAR CLOCK CLEAR
CARRY 1] 2 5 )

/P 10 1C101
RESET R}VQG Q102

Figure 12

pulse arrives at this clock input, the Q output goes high and
turns on Q104 and the I lamp. However, if the input
frequency is so high that another carry pulse atrives before
the transfer pulse, the Q output of FFA of 1C125 will go
tow and the Q output of FFB of 1125 will go high. In this
condition, when the transfer pulse arrives only the “Over”
jamp will be turned on. Then the reset pulse triggers Q102,
and 1C125 is cleared for the next count. The reset pulse also
clears 1C101.

TIME BASE CIRCUIT BOARD

The 4 MHz clock signal is divided by 4 and applied to the
INT—EXT switch on the rear panel. The selected clock
signal is then divided by either one thousand, one hundred
thousand, or one million by the following decade counters.
i the division is by one million, the multiplexer (a
digitally-programmable switch), 1€207, is in the position
shown. If the division is by one thousand or one hundred
thousand, time base switches are in one of the other
positions and decade counters |C201, 1C202, and possibly
1C203 are out of the circuit.

HEATI—iKIT@
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MULTIVIBRATOR PIN 8

Figure 13

Consider the multiplexer to be in the 1 kHz position as
shown in the Schematic. The D output from 18204 is then 1
Hz. FFA of 1C210 then further divides this sighal to produce
a one-second puise as shown in Figure 13. As the one-second
pulse is completed, the trailing edge of the pulse triggers
FFB of 1C210, the speed-up flip-flop. The output of FF8
reprograms the multiplexer (at input C) to the 1 MHz
position and decade counters IC206 through 1C204 divide
the signal. Because the GATE pulse is now low, the decoder
(1C209) is uninhibited and starts decoding its A, B, and C
input lines. The result is first, a transfer pulse from pin 3;
second, a reset pulse from pin 5; and third, a pulse from pir;
6 that clears the speed-up flip-flop. As the speed-up flip-flop
clears, the multiplexer is switched back to its original
pasition and the monostable muliivibrator {1C208) is

started. This monostable sets the six decade counters to 9,
At the end of the monostable pulse, the first pulse from the
clock starts the one-second GATE pulse again.

Decoder

The F!ecoder, IC209, requires a negative pulse at its D (pin
12). input before it will decode. Therefore, it is inhibited
during the one second positive GATE pulse,

Mulbtiplexer

The strobe input {pin 7} is always at ground. Because it is
not used in switching, it will be ignored in the following
description of an equivalent circuit,
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In the one-second time base, as shown in Figure 14, and
with no input pulse from the speed-up flip-flop, the outputs
from inverters A2, B2, and C1 are high and turn on AND
gate 3. The 1 kHz signal is then coupled through the
following gates to the output until the pulse arrives from the
speec-up flip-flop. Then gate 3 is turned off and gate 6 is
turned on for the time of the pulse. The 1 MHz signal is then
coupled through.

When the time base is in the 1 mSEC position, the switch at
pin 11 is grounded, gate 2 is turned on, and the 10 kHz
signal is coupled to the output. Then when the speed-up
pulse arrives, gate 2 turns off, gate b turns on, and 1 MHz is
coupled through to the output.

When the time base switch is in the 1 mSEC position, the
switch at pin 10 is grounded, gate 1 is turned on, and the 1
MHz signal is coupled to the output. Then when the
speed-up pulse arrives, gate 1 turns off and gate 4 turns on.
In this case, the signal coupled to the output is still the 1
MHz signal.

External Oscillator Input

An external 1 MHz signal, when connected to connector
J11, is coupled through capacitor C201 10 Schmitt trigger
IC212. The resultant TTL square wave is then coupled
through switch SW9 and controls the time base circuits as
previously explained.
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Figure 15

FREQUENCY MULTIPLIER CIRCUIT BOARD

As shown in Figure 15, the fregquency multiplier basically
consists of a phase detector, an amplifier and low-pass filter,
a VCO (voltage controlled oscillator), and three decade
counters to divide by 10, 100, or 1000.

The phase detector detects any difference in phase and
frequency between the two signals at inputs A and B. The
resulting frequencies are then amplified and filtered 1o drive
the VCO until the input signals to the phase detector are in

~ phase and are the same frequency. The VCO frequency is

divided by 10, 100, or 1000 and applied to input B of the
phase detector. Therefore, when the inputs to the phase
detector are in phase and are the same frequency, the output
from the VCO's frequency is exactly 10, 100, or 1000 times
higher than the input frequency, and the phase detector is
“ocked.” When the detector is not locked, the unlocked
famp is turned on and the output gate from the frequency
multiplier is open so the erroneous frequency is not
counted.

The output signal from gate A of IC509 is changed from
ECL te TTL by transistors Q501 and Q502, and is applied
to phase detector ICB07. If the signal at pin 3 of the
detector is higher in frequency than the signal at pin 1, the
output signal at pin 13 will be high more of the time than
the output signal at pin 2. Gate B of 1C508 will turn off
transistor @608, which will turn off transistor Q510. Gate A
will also turn on transistor Q509 and try to discharge
capacitor C503. Since QB0Y is on more of the time than
Q510, capacitor CB03 will discharge. This will cause the
VCO to increase in frequency until the phase detector
{1CB07) locks

if the frequency at pin 3 is lower than pin 1, then the
output at pin 2 is high more of the time than the output at
pin 13. Therefore, transistor Q510 will be on more than
transistor Q500 and capacitor CBO3, will charge. This causes
the VCO frequency to decrease until the phase detector
(1C507) locks.

When the inputs to the phase detector are in phase and at
‘the same frequency, the detector outputs will both be
locked high, The following gates and transistors will be
turned off and the charge on capacitor C503 will remain
constant and will continue to drive the VCO,

Transistor Q513 is connected as a source follower, has a very

high input impedance, and controls transistor Q603 of the
VCO.

Capacitor C506 charges through transistor Q503 and zener
diode ZD603 to produce a ramp. Transistor Q504 isolates
the capacitor from the following Schmitt trigger, 1C501.
Vi is a voltage reference for comparator gates B and C of
ICEQ1, As the ramp reaches a certain positive value, the
output of gate C of IC501 is driven to ground and drives the
inverted output of gate B {pin 1} high and the noninverted
output {pin 2) low. This turns on transistors Q506 and Q506
and discharges capacitor C506. Then the Schmitt trigger
resets and another ramp begins.

Because of the narrow pulses produced, an ECL fiip-flop
(1C502) is used to divide the frequency by two. Transistor
Q507 changes the flip-flop output to TTL levels to drive the
following decade counters, 1C503 is connected to divide by
five while the remaining two counters each divide by ten.
ICB06, the multiplexer, switches to the desired division ratio
and applies the signal to the phase detector. {For a
description of a multiplexer, see “Multiplexer’ in the “Time
Base Circuit Board’’ description.)
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When the phase detector is unlocked, the detector’s output
pulses are combined in gate D of 1C508. These pulses turn
transistor Q5612 on and off, which turns the UNLK
(unlocked) lamp on and off. The lamp, however, appeats 10
be steadily on. Also, the pulses from gate D of |C508 are
inverted by gate C. However, they do not turn on transistor
0511 because of the RC time of resistor R526 and capacitor
C500. Therefore, the B-volt source, which is coupled
through resistor R524, holds gate B of 1C509 closed.

When the phase detector locks, the output of gate D goses
low. This turns off transistor Q512 and the UNLK lamp, and
drives the output of gate C of I1C508 high. Transistor Q511
then turns on and presents a low to gate B of 1C509 and
opens the gate so the VCO frequency can be counted by the
folliowing circuitry,

POWER SUPPLY CIRCUIT BOARD

Dual-primary transformer T1 can be wired to operate from
pither 120 VAC or 240 VAC. Three secondary output
windings furnish the AC voltage for the +100volt, +16volt,
—16~volt, and +5-volt power supplies.

+100-Volt Power Supply

Capacitor C301 couples the voltage to the half-wave
rectifier, diode D306. The resulting +100 volts rms is used to
light the display tubes on the counter gircuit board.

+16 and —16-Volt Power Supply

Diodes D302 through D305 form a full-wave bridge rectifier.
Zener diode ZD302 establishes the minus supply at -16
volts, and zener diode ZD301 establishes the positive supply
at +16 volts. Capacitor G302 filters the AC and transistors
Q301 and Q302 provide current limiting. Transistor Q302
senses- the voltage drop across R302. If the load is increased
above a safe limit, the voltage across R302 increases: to a
point where it begins to forward bias the base-emitter
junction of Q302. Transistor Q302 then begins to conduct
and lowers the base-emitter voltage on Q301 and starts to
turn off Q301. This then shuts down the +16 volt output to
a safe amount of current.

+5-Volt Power Supply
Diodes D307 and D310 form a full-wave bridge rectifier.
Capacitors C303 and C304 filter the pulsating DC, and IC's

IC1 and IC2 are integrated circuits that regulate the DC,
making two +5-volt requlated power supplies.

s i =B

CHASSIS PHOTOGRAPHS

WARNING: Boxed-in areas indicate hazardous voftage
focations.
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WARNING: Boxed-in areas indicate hazardous voltage

locations.

J9

J10

c1

CIRCUIT BOARD X-RAY VIEWS

NOTE: To identify a part shown in one of these Views, so 2. Locate the same identification number (next to

you can order a replacement, procead as follows:

the part) on the Schematic. The “Description”

of the part {for example — 22 k&2, .05 uF, or

1. Note the identification number of the part
{R-number, C-number, etc.}.

3. Lock up the Description in the Parts List.

POWER SUPPLY CIRCUIT BOARD

{COMPONENT SIDE VIEW)

HEATIHEIKITY

2N2712) will also appear near the part.
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TIME BASE CIRCUIT BOARD

m— COMPONENT SIDE VIEW
COMPONENT SIDE VIEW (Component side foil in red)
(Component side foil in red)

Tl 1

FOIL SIDE VIEW
{Component side foil in red) ——
{Component side foil in red) .
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FREQUENCY MULTIPLIER CIRCUIT BOARD

TBAiE 8!

COMPONENT SIDE VIEW
{Component side foil in red)

Blactiko/

FOIL SIDE VIEW
{Component side foil in red)
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COUNTER CIRCUIT BOARD

COMPONENT SIDE VIEW
{Component side foil in red)

FOIL SIDE VI!’EW
(Component side foil in red)
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CIRCUIT BOARD VOLTAGE CHARTS

COMPONENT SIDE VIEW
(Component side foil in red)

POWER SUPPLY CIRCUIT BOARD

| 1. All voltages (except those marked *) are DC and taken 2. Voltages marked with an asterisk (*) are AC and are

‘ with a 10 megohm Impedance volimeter from the taken with a high impedance voltmeter between the
' point indicated to chassis ground. Voltages may vary two points indicated.
5 - +10%.
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COUNTER CIRCUIT BOARD

TIME BASE CIRCUIT BOARD

r
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IDENTIFICATION CHART

HEA’I‘HK:’:T@

TRANSISTORS

COMPONENT HEATH MAY BE REPLACED BASE DIAGRAM
PART NUMBER WITH (BOTTOM VIEW)
Y1, v2, v3, 411-264 NATIONAL ELECTRONIGS
vd, V5, vé, L9505 VIEW PIN CONNECTION
V7, V8, aR 1 NUMERAL 1
BURROUGHS ? NUMERAL 2
B-58595 L] L L 3 NUMERAL 3
se ®5 4 NUMERAL 4
5 NUMERAL 5
liete  elels NUMERAL 6
108 L %] 7 ANODE
®? 8 NUMERAL 7
e . 9 NUMERAL §
lze 1 10 AMODE
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12 NUMERAL 0
13 RT. DEC, PT,
14 LFT, DEC. PT,
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COMPONENT HEATH MAY BE REPLACED BASE DIAGRAM
PART NUMBER WITH (BOTTOM VIEW!
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