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T. DRSCRIPTION
1.1 Genersl
This instruction manual covers the specifications, operating
procedure, theory, and maintenance of the ~TR-3TBEC FREQUENCY COUNTER.
1« DESCRIPTION A description of the counter and its fea

2. SPRECIFICATIOND A detailed desceription of the counte
tiong and specificaiions.
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I
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3. OPFERATING PROCEDURE Preparaticn and
ihe eoounier, pane

aof illus &?aulgnu), associated equipment
their connection, 1 procedur

4. THEORY OF OPERATION
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The ~TR-~37H8C FREQUINCY COUNTLR is
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compact, and
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equipment; however, this requirement does nol exist with this counter
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digplay of the ceount is possible

of the input level as desired, {requoncy messuren

iz the high
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Since the counter possesses a function which permits variation

counter

stability of 3 x 10 7 /day under aging conditicns and is installed in the

sounter only after subjection %o varicus severe tesis and aging data
checked against a siricily managed standard frequency, as well as exe
stive guality control.
The operation of these counters is fast, simple, and accurate
Measurement is automatically performad and the measured result display

in bright, clear digits.



The ~TR-3788C employs TAKEDA RIKLN's original memory display
system and its rationally designed controls and automatic switching of the
units and decimal point by means of a switch make it extremely easy to
use. In addition, the use of all silicon semiconductor components and in-
tegrated circuits not only facilitates maintenance and inspection but
also makes the counter highly resistant to such ambient conditions as
humidity, temperature and external noise.

The major features of the ~Ti~3788C LLLCTRONIC COUNTER are as
foilows:

a) Frequency measurement up to 500 MHz.
b) 8 3git decimal numerical display tube registration.
c) CGate times of 4 m3, 40 m3, 0.4 3, and 4§ 5.
d) Internal time base frequency having extremely high
accuracy (better than 3 x 1Ow9/day)é
e) Memory display possible by means of simple swilch operation.
f) Uniis display and decimal point automatically set by ganging
to various switches.

g) Small, lightweight.
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SPLCIFICATIONS
2.1 Specifications

Measuring system

Frequency measurement ( Input)
q J

Measuring range
Gate time

Accuracy

Read in

Min. read in freguency
Jignal inpuati

Time Base

Interral time base fre-
quency

Pregquency stability

Time bage adjustment

Internal time base output

Frequency

Output level
Qutput impedance
Connectors

Signal stability

Prescaler, direct reading decimal
display systiem
J

10 Hz ~ 500 MHz

(st

4 m3, 40 mS, 0.4 3, 4 5
1 : ‘
- 4 internal time base
f.G
accuracy {(f: measured frequency,
G: Gate time)

23

kHz, MHz
Decimal point automatically set whun
gate time switched.

1 kHz, 100 He, 10 Hz, 1 Hz

Front panel BNC connectier

1 MHz

g

a7 / G

3 x 10 “/day {constant ambient con-
ditiong, after 48 hours of continuous operdtion)

Hear panel adjustment

Adjusiable range: ‘jxfO‘2

1 ¥Hz

1 Vp-p ~ 6 Vp-p (unloaded)
Below 1 kQ

BNC type (rear panel)

Corresponds to internal time base accuracy
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Bxternal time base input
Frequency
Input voltage
input impedance

fonnectors

General specifications

2
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5
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Display system

Display time

INPUT
Input level
Input mode

Input impedance

Max. input sensitivity

1 MHz

1 Vrms ~ 10 Vrms

Greater than 10 kQ

BNC type (rear panel)

d-digit decimal

S00MHz, 2 nd resolution

Numerical display tube registration
Count display and memorv display {can

be switched at the rear panel)

5

Min. longer than 80 mS, max longer
5 Continuously variable and

(Count display time + gate time) and
infinit

Measurement made once and continuously
b] ey
Py A ¥

aieplayed until manual resel

Level continucusly variable

Approximately 50 Q

100mVrms ¢ Hz ~ {00 Hz)
15 ﬁv»&scugoHifvSM)MHz)

Trigger level variation 115 mV

range
Max. inpui veltage
Jafe input voliage

Pulse input

Resolution 2 nS, sensitivity 250 mVp



Self-check

Operating temperature range

Storage temperature range

Power supply

Voltage

Power

Insulation resistance

Dimensions

The time base circuit, ccunting
circuit, and various gates can be
checked at a count (gate) time of
0.4 5 and 1 MHz internal time base.
Q0C =~ +40°C

~20°C ~ +70°C

220 VAC, £10%, 50/60 Hz
Can be modified for 100,
{optional)

115, 230 ¥V

Approx 6% VA

Between one AC inputl terminal and case
Greater thon 50 MQ (100 VDC)
e - \ e
250 (wide) x 14
{(deep) mm

“Es
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5 B
NS
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{Does not include stand, rubber feet
at the rear panel, and front pancd

AY
cover)

Pront panel cover Approx 250 (wide) x 14% {high) x
22 (deep) mm
2.2 Components
The -TR-3788C consists of the following components:
1) =TR=3758C FREQUENCY COUNThH 1
2} AC power cord 1

3)

4) Ground cable

Input cable

5) Tubular glass fuse ( 1A)
¢) Screwdriver (23 mm)
7) Allen wrench {3 mm,4 mm)

Py

2 each
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10)

Instruction manuzl
Test report

Attenuater ( 20dB)D
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3¢ OPBLRATING PROCEDUHL
3.1 General
This section covers preparations and precautions prior to
operating the counter, panel description {with the aid of illustrations),
and operating procedure.
1,2 General Preparations and Notes
1) Use an AC power source within the rated 220 V +10%.
2) Since & ventilation fan is not employed, pay careful atten-

tion to¢ ambient air flow.

3) Ambient operating temperature range is 0°C ~ 4090,

£
~

Absolute sterage itemperature range ig -20°C ~ 47090,

1 s eyt e
5 BHNpLlOyed, au nui Gl

[ 8

9) Since a crystal oscillating element
ject the counter fo extreme mechanical shock. andle ihe
counter carefully,

£) If considerable power line noise is present, use a noise

filter.

7) Since the internal signal may leak out, ground the counter.
&) When highly accurate measurementis are necessary, calibraie

the internal crystal oscillator. (Refer to the precautions
pertaining to maintenance of TAKEDA RIKEN Counters)
9) All functions begin to operate as soon as power is applied.
10) The constant temperature oven heater operates, even if the
povwer switch is turned off, unless the power cord is un-
plugged. (Since 48 hours after the OVEN heater is set to
ON is required before the crystal oscillator reaches its
rated stability. It is recommended that the power cord re-
main connected when making highly accurate measurements over

a long period of time.



3.3

Panel Description (Refer to Fig. 3.1.)

~Pront Panel-

1)

GATE IND

This neon tube indicates the opening and closing

of the gate. The lamp lights when the gate opens.
SAMPLE RATE

a) The time between counting operations can be varied

from 80 m3 to more than 5 S by turning this control clock-

b) Manual counting can be performed by depressing the RESKT
button {4) with this button set to HOLD.

POWER ~ OFF

Coentrols the power to all circuite except the OVEN heater

of the crystal cscillator. Power is applied when this switch

G

is set to the POWLR side and removed vwhen set to the OFF side.
REZSET

The primary counting circuilt and time base are set to the
ZOTO stateéméAcounting operation immediately performed at

the next CATE signal when this bution is depressed.

GATE TIME

3witches the counting time when making fréquency measurements
or performing the CHECK operation. When set to CHECK, the
counting time is congtant at 0.4 A. When making frequency
measurements, this control is used to select the desired gate
time {4 mS, 40 mS, 0.4 S, or 4 S can be selected).

PROBE POWER

Power supply connection when using a high inpgt

impedance probe. The input impedance of INPUT is 1 MQ.

-/



7) INPUT
Input terminal for frequency measurement.

8) LEVEL
Varies the input signal trigger level. Its variation range
is 215 mV,

-Rear Panel-

9) NON~STORACE/STORAGE
When this switch is set to 3TORAGE, the count display is
accumulated and the previous counted resulits continuously
displayed up to the end of the next counting operatinn.
Only those digits of the previcus display which differ
from the results of the following count change.
When set to NON-STORAGE, the accumulating function is lost.
The displayed resulis are reset to "0O" prier to inatiation
of the next counting operation, and the next counting
operation performed.
When reading the counted results and this switch is set
to STORAGE, SAMPLE RATH is turned fully couniercjockwise.
vhen set to NON-STORACGE, set SAMPLE RATE to a middle posi-
tion and then make the reading.

10) GROUND
Ground terminal for the counter case, when external noilse,
induction, etc. are considerable, connect this terminal to
an earth ground with the cables supplied.

11) - FREQ STD ADJ
This screw is used to adjust the internal time base (crystal

oscillator).

33



12)

13)
14)

15)

EXT and INT
When set to INT, all the gate functions are performed
by the crystal oscillator housed inside the coﬁnter.

At this time, a 1 MHz time Lase signal appears at

termiral (13). When set to nXT, the gate functions of

the internal crystal oscillator are lost. The gate functions

are performed by applying an external time base signal

(1 MHz) to terminal (12).

FUSE 1 A

Power fuse for the counter. A 1 A fuse is required.

AC 220V

AC power connector. Rated power is 220 VAC 2104, 50/60 Hz,
The counter can be modified for use with 100, 115, or 23U

VAC by changing the internal cennections,
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FRERUENCY COUNTER

| @arE m. SAMPLE RATE
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/@>> YoLo
POWER RESErl

GATE TIME
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PROBE POwER

~LEVEL +
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INPUT
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Fig. 3.1 Panel description
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3.4

Self-Check Cperati

Mz

Kiz

b

-7R-37656C |

FREQUENCY COUNTER

POWER

® ;0ﬂf

GATE IND,  SAMPLE RATE

@

NoLe |

5

GATE TIME

}
i
|

PROBE FOwER

® 3,

—LEVEL-

O

INFUT

i

|
T

\

/

—

a8
|
|
|

Fig,

3*2

Self~check operation

Conduct the self-check operation by referring to the numbers in

Fig.
(1)

NOTT ¢

3.2 and those below.

Set POWRR - OFF 1o OFF.

Connect the power cord to the AC connector only after confirming

that the POWER switeh is set to OFF.

Pay careful attention to power cord to

the rated value is 220 VAC z10%, 50/60 Hz.

(2)
(3)

Set GATE TIME to CHECK.

Turn SAMPLE RATE fully counterclockwise.

the power supply voltage;

At this time, set STORAGE/NON~STORAGE at the rear panel ito STORAGE.

(4)
(5)

play

Check to see if the displayed value is 001000.00 kHz or hot.

Change STORAGE/NON—STORAGE at the rear panel and check if the dis-

value changes or not.

3-6




3.5

Fregque

ncy Measurement

~TR-376588C

-
[AAA7]
S——

FREQUENCY COUNTER

- GATE IND.  SAMPLE RATE GATE TiME —LEVEL- |
O
| dems dﬂ/'rnsla‘ds O\\\ =
AY ..
‘" o . CHECK 43 PROBE POWER
POWER | reser , .l INPYT
® " orr / ! ®
( | ] '
/] / \
<> N—] / / ; =
I—— i t
\___ I I — t

Conduct frequency measurement by referring to the numbers in

Fig.

1)

2)

3)

3.3

3.3

Fig.

Set POWLR - OFF to POHWER.

NOTE

12

Frequency measurement

and those listed below.

confirming that POWER - OFF is set to OFF.

The rated value is 220 VAC x10%, 50/60 Hz.

Set GATH TIMk to 0.4 4.

Set STORAGE/NON»STQRAGE at the rear panel to STORAGL.

Apply the signal to be measured to the INPUT terminal.

NOTE:

Pay careful attention to the power suppiy voltage.

Connect the power cord to the AC connector only after

Apply the input signal only confirming that it is within

the rateg value of 10 mV ~

Yo
RN
" 4

2 Vrms.,
®

.

3~1




Adjust LEVEL (8) in accordance with the waveform. When the

\J1
~—

waveform is a pulse, adjust the level to correspond to its
polarity.

When it is a dc signal, operation will be performed if the
level is set to a nearly middle position; hcwever, there are
times when the operating pointi will be changed a little by
noise, waveform distoriion, etc.

6) Read the counted value. The decimal point position is kHz or
MHz units. Measurement accuracy will be increased 10 times if
UATE TIME is set to 4 S.

When GATE TIME is set to 0.4 m3, measurement accuracy is low

but measuring speed fasti. When STORAGE/NON-STORAGE switch is

set to NON~-STORAGE, make measurements by turning SAMPLEL HATE

fully clockwise.

When making highly accurate measurements, set INT - EXT at the
rear panel to EXT and apply a highly accurate 1 MHz external clock

signal to the terminal.

1,6 Cuaranteed Measurement Accuracy and Product Quality

Generally, therg are itwo factors which limit the measurement
accuracy of frequency counters, Ome is the accuracy of the 1 MHz crystal
oscillator used to produce the internal time base (in the case of the
~TR-23788C this is 13 x 10"9/day) and the other the inherent 1 count
error of counter systems.

Measurement error due to the crystal oscillator accuracy can be
reduced to a small value; however, the x1 count error is caused by the
comparative phase relatiéﬁsniw‘between the measured signal and the gate

time and is an error inherent in counter systems. (Refer to 4.3.)

3-8



The relationship between the measured signal and measurement ac-
curacy is shown in Fig. 3.4 (for the -TR-3788C).
Measurement accuracy in frequency measurement is expressed by the

following formulas

1 . .

Measurement accuracy = % rT + internal time base accuracy
L
where: f = measured frequency

G = Gate time

7 \
%

A Q
< 1 & RS
8 /'02 N = S
g & & '&,x )”S
c 7/0 3 NS <N N
3 >
y N & -
= %
P At N
72 < ’&u\
o
, \ S
o

ANANANAN

ro 700 1K 70K 100K ™M 100 rooM yopoM

Frequency being measured (Hz)

Fig. 3.4 Frequency measurement accuracy (typical characteristics)



The accuracy of ~TR-3788C frequency measurements gradually deteriorates
. in the neighborhood of approximately 100 MHz. When the measured frequency
reaches a certain high frequency, the x?/f . G in the formula in section

1 can be almost completely disregarded; however, the accuracy of the in-
ternal tims base has a considerable affect on the counted results. There-
fore, since the ~TR-1788C has an accuracy of 3 x 1O~9, accuracy cannot

J even at a 4 5 GATE TIME.

be greater than 3 x 10
High measurement accuracy can be obtained in high frequency measurements
by using an internal time base (crystal oscillator) having high accuracy.
At TAKEDA RIKEN, the accuracy of the internal time base of all digital
counter series is guaranteed by an atomic standard frequency using the
resonant frequency of cesium atoms.
Highly accurate frequency standards are emitted as general radio
waves as national standards.
The national standard in Japan is JJY whese accuracy is maintained
to within 3 x 10"9, Moreover, if astronomical time is demanded of the
standard, accuracy becomes 1 x 1,0-7 ~ 1 x 10_8 due to ﬁultiple trans-
mission paths, doppler effect, and fading. The TAKLDA RIKEN cesium
atom frequency standard has a permanent stability of z1 x 10—11 and
an absolutevcesium time accuracy of x1 x 10_10» This standard is used
as a primary standard to guarantee the accuracy of the crystal oscil-

lator used as a secondary standard to guarantee the accuracy of the

internal time base of digital counters.

L



4. THEORY OF OPERATION

4.1 Basic Theory

Electronic counters generally have the basic construction shown

in Fig. 4.1,

Shaped Count Counted
output signal result
Input O——|Have-shap~ | Signal Counting Display
P ing cir- I gate section section
cuit
Gate signal
Time base Gate con- fteset signal
section trol sec~
tion

Fig. 4.1 Basic electronic counter construction
The input signal is shaped into a signal having a constant waveform,
passed through the signal gate at a set time (count time), counted by the
counting section, and the counted result displayed. This relaticnship is
shown in Fig. 4.2. The 100 Hz, 10 Hz, and 1 Hz gate signal (counting sig—
nals) are obtained by dividing the accurate 1 MHz from the internal time base
crystal oscillator by 10:1, 10031, etc. and opens/closes the signal gate

by controlling the gate control section with these signals.

AAAALAALALAALA
Input signal V (VAR VARVANVAL VAR VARV AL VAR v aS v/
I
Shaped output
Gate signal
Signal gate L0110
output

Fige 4.2 Time chart

4-1



The 500 MHz input frequency is reduced to

4 and the

25 MHz then employed in the decimal counting

e
i

cir

125 MHz by dividing it by

The counted results are not displayed as 1.4, even though ihe input

frequency is divided by 4. Direct readout of the frequency is obtained

¥y multiplying the counting time hy 4.

Shaped Count
output—— . ]
T e signal : ;
wive: ) 1/4 € 55 el Decimal ‘Display
Input O shaping 2iEna counting section
circuit gate seciion
(tate signal
Time base ; Gate con-{ Reset signal
section 1/4 trol secaf———————
tion
Fig. 4.3 Basic construction of the -TR-3788C

At this time,

respect to 100 Hz,

The coperation

counted value 218

display section then reset and returned to the next measurement

fed to the display section,

The repetition speed of this operation is var

on the panel. Beth automatic and manual sampl

4.2 TFregquency Measurement

The accurate 1 MHz sig

shaped, and then divided by the divider

mal from the ¢

2

2.5 Hz, and Q.

~yole 133 the gate opens once, the count

and zll circuiis

ing are possible.

to product the clock signal,

vte.

ted by adjusting SANPLL RATE

rystal cocillator is amplified,

The accurate 4 mS (250 Hz), 40 mS (25 Hz), 0,4 S (2.5 Hz), and

4 5 (0.25 Hz) clock signals produced in this manner are selected by means

GATz TIME on the front panel, fed te

the counting contrel circuit as the

gate time, and used to control the opening/closing of the signal gate.

4~2




The signal to be measured is applied to the INPUT terminal on the other
panel, amplified, shaped, and fed to the signal gate. The signal is then fed
to the counting circuit (SCALER) only during the count time selected at
GATE TIME. The counted result is displayed simultaneocusly with counting.
Vhen the gate is closed, the gate signal is fed te the sample rate

control circuit. This circuit is delayed by this signal for the desired

period of time selected by means of SAMPLE RATE on the panel. A different
date signal is fed to the gate control circuit to open the gate.

The above has been a description of this counter's automatic sampling
operation at the same time the gate opening signal is produced, all circuits
are reset and the next count performed. During memory display (set to STORAGE ),
the previously counted value is continuously displayed during the next
count operation. The results of the next counting operation are then dis-
played after the gate closes.and the count completed. In this process, only

these digits of the following counted results which differ from the display

of the previous count changed. The display does not flicker but remains

steady.
Signal gate
Have- N :
O——= shaping 1/4 C,Ount,:‘ ng Dlsp!ay
INPUT | |circuit circult section
Gate signal Reset and memory signals
control ratg . SAMPLE RATE
circuit circuit ;
[ Latching
1 MHz —l—(]r L—G:l‘ L(];— LQT
Crystal | _
oscillatoﬁ—’l/4i —1/10 [—=1/10 1AoH=L/10 1/134+{1/10
!
Lyms =
1,0ms O—O—
O.hs 0 [aaTs T1My

Pig. 4.4 Block diagram of frequency measurement

4-3



4.3 Frequency Measurement Accuracy

Frequency measurement accuracy is determinéd by the 1 count
error inherent in the digital system and the accuracy of the internal
time base.

Error is also generated when noise is included in the signal;
however, when making frequency measurements by counting the input signal
pulse pulses, error will not occur if the noiée is lower than the trigger
level (input sensitivity). Frequency measurement accuracy can ke obtained

with the following formula when the gate time is added.

1
full count

Frequency measurementi accuracy = x internal time basze
accuracy

However, the full count is [Measured frequency x gate time .

The %1 count errcr inherent in digital systems cannot be avoided, and is

caused by the increase or decrease of the full count by 1 count due to the

phase relationship between the signal pulse (measured signal after shaping)

and the gate waveform as shown 1n Fig. 4.5.

Gate waveform

B I 1 S T A T I | 6 counts
i

)
Input signal :
\ |

I PO T T N T O I

Input signal 5 counts

When conditions sre as shown in Fig. 4.5, the count should be 5.7 if mea-
sured with an analog systemj however, due to the inherent quantization in
the digital system, the 0.7 component will be either discarded or raised
and the count will become either 5 or 6.

The 1 MHz internal time base signal is obtained by means of a crystal
oscillator. All of the internaf time base times are produced from this
signal. For this reason, since the 1 MHz output of the crystal oscillator
is an important factor controlling the measurement accuracy of the counter,
it is necessary to maintein it at a high accuracy. Therefore, {imely

)

calibration is necessary.

4-4



4.4 Self-Check

The 1 MHz crystal oscillator output is amplified, shaped, and

fed to the divider %o produce the 250 kHz, 25 kHz ... 2.5 Hz, and 0.2 Hz

clock signals.,

The 0.4 S (2.5 Hz) clock signal produced in this manner becomes

the signal which opens/closes the gate. The signal pulse of the measured

signal is fed to the counting section only when this signal 1s present. At

this time, if the clock signal is applied instead of the signal to-be-

measured, the counted resultis can he anticipated i1f the gate time is set

because the time or frequency of the gate time and counted signal are

Knowne.

HWave-
shaping
circuit

1/4

Crystal

osoilla:}q.l/A
“tord

1 MHz

Gate signal

Gate

Counting Display
circwit circuit
Heset and

Sample

control
circuit

rate
circuit

i Latching }

memory signals

Lo

ol

:::::%;_ [SAMP Ly HAT: |

1 /10 |-} 1/10

1/10

1/10

L41/1

1/10

S leame M
—-O_I

Fig. 4.6 Block diagram of self-check

Q
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4.5 Active Elements and Their Construction

The basic circuit construction of the counter will be described
by describing the active elements. This will make it easier to fully
understand its theory of operation and circuit construction.

This counter employs all semiconductor components as active
elements. Various semiconductor diode and transistors, as well as integrated
circuits, are employed in the counter.

(A) Dicdes

Semiconductor diodes are employed in the counter for power
supply recrification and constant voltage applications, as well as in various
gate circuits, trigger circuits, clamping circuits, and wave-shaping cip-
cuits. Typical examples of their use in gate circuits, trigger circuits,
and constant voltage circuits will be given here.

Refer to (B) for information concerning wave-shaping circuits.

Fig. 4.7 1is a typical gate circuit.

<
ov
—+H+
D1 D2
- -+ No

Input cutput

o 2G 2 oV

B ov B T4y
(a) Nonconducting (b) Conduciing

Fig. 4.7 Typical gate circuit



When point G in Fig. 4.7 (a) is O V {(ground), D1 is in the conducting

state (ON) in respect to the input voltage load and D2 is not conducting

(OFF). 1n respect to a positive input D1 is OFF (nonconducting) and no

output appears at the ocuiput terminals. When point G is clamped at -15 V

as shown in (b), there is a range of voltage at which D1 and D2 are both

ON (conducting) and the input signal passes through.

A gate which opens and closes is formed by the circuit shown in Fig. 4.7.

Since gate circuit controls the aﬁplitude of the input signal, it is called

a limiter (or clipper) circuit.

5
N

[
INPUT |
!
[

QUTPUT

(c)

INPUT QUTPUT
INPUT OUTPUT 1n 1 D1
) rgfl o——4———o0
Lo— | Il 2 D2
ie o LLE—E Mo

Pig. 4.8 Diode AND circuit

A circuit in which a "1" signal is generated at the ocutput terminals

only when there is a "1" (+ voltage) signal at 2 or n input terminals, as

shown in Fige 4.8, is called an AND circuit. The symbol generally used to

denote and AND circuit is shown in (a). An example of an actual diode AND

gate is shown in (b). Terminals 1, 2, ... n in the figure are grounded

through the pulse source.

Ot
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If a "0" (zero voltage) signal is simultaneously applied to terminals 1,

2y ses n, the dc source circuit is R — D1, D2, ... Dn -~ internal impedance
of the pulse source, a positive bias is applied to the diodes and forward
current flows,

If R is large compared to the impedance of the pulse source and the forward
resistance of the diodes, OUTPUT is nearly at ground potential and an output
does not appear.

When a "1" (+ vcltage) is applied to INPUT, the diodes will conduct even if
the "1" voltage is lower than +E; however, since the internal impedance

of the pulse source is low, the OUTPUT will generally be almost the same

as the INPUT voltage.

When the "i" voltage is greater than +k, the.output will be +E regardless of
ihe input veoltage since the diodes are then cutoff.

Since output only appsars when all the inputs are "1", this circuit is
called an AND gate. |

The waveforms of this circuit are shown in Fig. 4.8 (c¢).

INPUT OUTPUT _ D1 QUTPUT
1 __l—[_o_.__ﬁ I r- %_-[—I_O P -O
2 _ﬂ_c% —0 ;‘_ l__ D2 . ) 1
n _ﬂ_o_~———:7/ | o_ﬂ‘O' T‘ “"FT—T . JW_: o
(a) ;<_ 3711 Dn. {
|
‘ b
L (b) iR
l h—ad

5
:

|
INPUT L SR
2 | " l L __o0
o 1
[ ) | TT T
e e o

e |
outeur - L L o

Fige. 4.9 Diode OR circuit
4-8



A diode OR circuit is shown in Fig. 4.9. The circuit in Fig. 4.9 is cal-
led an OR circuit because a "1" output is generated if a "1" signal is ap~-
plied to any one of the input terminals (1, 2, or n).

The symbol generally used for the OR circuit is shown in Fig. 4.9 (a). An
example of an actual OR circuit is shown in (b).

Terminals 1, 2, s« 1 in Fig. 4.9 (b) are grounded through the pulse source.
When terminals 1, 2, «.. n are all "O", the diodes are reversed biased
and, since all the diocdes are cutoff, an cutput does not appear at OUTPUT.
If a "1" signal is applied to any one of the terminals, an output will
appear at OUTPUT during the time that the signal is applied since that
diode will be forward biased during the period the signal is applied,
Since an cutput will appear at OUTPUT if a "1" signal is applied to any

of the input terminals, this circuit is called an OR circuit. When a sig-
nal appears at the output terminal from one of the input terminals, the
other terminals are not affected since all the terminals are independent.
Fig. 4.10 is a comparison of a limiter {ype differentiator circuit employ-

ing a diode and conventional RC differentiator circuit.

C

Input O-————+}———T——-o Qutput Inputo 4}A4 ' —0 Qutput
I e L N
O

O + O

&

(a) RC differentiator circuit (b) Limiter type differentiator circuit

Fig. 4,10 Limiter circuit
When a square-wave is differentiated with a conventional RC differentiator
circuit as shown in (a), positive and negative differentiated waveforms
appear. This is not favorable for use in counters. When a diode is used
as in (b), it is a limiter differentiator circuit and either the positive
or negative waveform, whichever is unnecessary, is eliminated. Wide use

ie made of limiter differentiator circuits in this counter to prevent



erroneous counting and division in the counting circuits, dividing cir-
cuits, etc.

When a diode is used as a constant voltage circuit, both its forward voltage
drop and its reverse zener voltage (zener diode) can be employed. A constant

voltage circuit employing a zener diode is shown in Fig. 4. 11.

Varying input voltage
oO——W—e—20

Constant output voltage
x
O —)

Fig. 4. 11 Constant voltage circuit employing a zener diode

The veltages of the various power supplied in this counter are made
constant by a combination of zener diodes and transistors.

A circuit employing the forward direction of a diode is employed to
make low voltages constant since voltages of 0.5 ~ 0.8 V can be obtained
if a silicon diodes 1s used.

(B) Transistors

This counter emplpys various types of transistors in the wave-
shaping éircuit and as Schmitt circuits, flip-flop circuits, and amplifier
circuits corresponding to the purpose of the circuit.

There’are three basic transistor configurations, grounded emitter,
grounded collector, and grounded base as shown in Fig. 4.12.

The features of these basic configurations are listed in Table 4.1.



Irwd
oa ~ [cad Load
o ©

{a) Grounded emitter (b) Grounded collector {c) Grounded base

Fig. 4.1 Features of basic transistor configurations

Configuration Input impedance Output impedance Voltage gain
Crounded emitter Medium Medium High
Grounded collector High Low None
Grounded base Low ) High Medium

The above is for NPN itype transistors; however, everything is the same for
PNP type iransistors except that current flow is in the reverse direction.
This counter employs the grounded emitter in the majority of circuits; only
a very small portion employs the grounded collector.
Tne grounded collector has no veltage gainj however, since its input impedance
is high and it output impedance low it is used as an impedance converter.
This type of circuit is called an emitter follower.
1) Amplifier

Circuit board WA92 is a 10 Hz ~ 500 MHz wideband, fixed gain

amplifier. For this reason, transistors having superb high frequency

characteristics are employed.



2) Wave-shaping circuit
When counting, it is necessary to shape the input signal and other
asignals into a waveform having shorti raise énd fall times in order to amplify,
ransfer, count, and divide them.
The wave-ghaping circuit widely employed to accomplish this is the
emitter coupled binary circuit. This circuit is called a Schmitt circuit

after the inventor.

- +15V
zR3 Ry
Vel o Y
c
Rl $——]}——1 Vc2 Cutput
| Vbl Q1 Vb2 T
Input Input o— 1
Vel w2
. . %RZ
_¥£:>k:7L R5 R6

o [

Fige 4.13 Typical Schmitt circuit

An example of this circuit is shown in Fig. 4.13. If R and K2 are selected
so that Q1 base voltage Vbl is louwer than the voltage drop across RS (@}
emitter voltage Vel), bias voltage Vb1 will be applied.
This cuts off Q1. If R4 and R6 are large, Q1 collector voltage Vel will be
almost equal to the +15 V supply voltage.
If R4 and K6 are selected so that Q2 base voltage Vb2 is slightly higher than
Vel, Q2 conducts (ON) and the output voliage at Q2 collector Vo2 will be almost
proportional te the values of RS and RT.

This stable state will continue (Q1 OFF and Q2 ON) until an input signal
is applied. The input signal applied is shown in the figure. When the input
signal is large (as shown by (a) in the figure), Bb1 exceeds Vel and Q1 con~
ducts (ON state). In this state, Q1 current starts to flow, Vci drops, 2 rises,

and Vel drops. The base to emitter voltage of Q1 becomes large, Vel steadily
' 1~12



drops, and Vb2 drops. The loop gain becomes greater than 1 by this action,
and positive feedback is present until Q2 suddenly turns OFF (Q1 and Q2 OFF).‘
Next, the input voltage starts to drop as shown by (b) in the figure.

Vb1 drops, the current flowing through Q1 decreases, and Vel starts to drop.
¥hen Vb1 rises, it eventually turns Q2 ON.

When Q2 is on, current starts to flow through it, Vel becomes high, and,

as a result, the base-to~emitter voltage of Q1 drops, Vel sieadily rises,
and Bb1 becomes high.

In this way, positive feedback is applied, Q1 suddenly turns OFF, and the
original stable state is reached (Q1 OFF and Q2 ON).

The above was a description of the theory of operation of the Schmitt

circuit. Since a fixed ouiput having a rise time, fall time, and ampli-

9

tude, in respect to various input signals can be obtained, it is uzed a
a wave-shapilng circuit.

One characteristic of a Schmitt circuit is that input voltage E+ (when
Q1 is ON and Q2 is OFF) and input voltage E (when Q! is CFF and Q2 ON)
do not coincide. L' is higher than Em; E+ -5 = Lh, called the hysteresis
voeltage, becomes the input sensitivity of the 3chmitt circuit. The cause

of hyeteresis is that after Q1 turns ON and Q2 turns OFF, E* exceeds the
input voltage and Q2 does not turn on since voltage.VbZ becomes extremely
low despite the fact that Vel is the same as the original voliage even when
E+ drops below the input voltage. It is necessary to make Vb2 large by
dropping the input voltage in order to turn Q2 ON and E becomes lower

than E.

The above is shown in diagram form in Fig. 4.14. Since erroneous operation

will occuxr if noise in the signal is greater than Eh, careful attsntion is

required. (Refer to Fig. 4.15.)

Ry



Input voltage

Input voltage Ncise Basic signal

Output
valtage
. B may Y
Cutput voltaze Time s me
Fige 4,14 Schmitt circuit Fig. 4.15 Lrroneous operation
output veliage due to noise

3) One-shot multivibrator

When counting, the accurate internal time base must be divided
to a low frequency in order tc be used as a TIMb UNIT and TIME CATE.
Phantastren circuits, one-shot multivibrator circuits, and flip~flop
circuits are typical system widély employed to accomplish this.,
A descripiion of the cne-shot multivibrator will be given here. Unlike the
Schmitt circuit described previeusly and the flip-flop circuit te be des~
cribed later which have two stable states, this circuit has only one stable
state.
The major point of difference beiween this circuit and Schmitt and flip-flop
circulis is that the output waveform can be changed to have any desirable
pulse amplitude even when the amplitude of the trigger pulse is small,

A typical one-shot multivibrator is shown in Fig. 4.16.

tr £z

7

+E
Trigger input

!
i ]

| Time co/m;:nt
~—Iw—q{ determined by
| C1 and R2
Vez

Fig. 4.16 One-shot multivibrator
A=A



When +k is applied in Fig. 4.16, Q1 is cutoff (nonconducting) and Q2
conducts (ON state). That is, current flows through Q2 and R2 turns ON,
and, as a result, Q1 base voltage (Vb1) drops and Q1 turns OFF.
This 1s the state prior to t1. If a negative trigger pulse is applied
at 11, the base of Q2 is triggered through D1.
This makes voltage Vb2 drop, Ve?2 rise, and Vbl rise. Vel drops due to the
rise in Vb1, and Vb2 rises through C1i.
The t1 state in (b) is the result of this regenerative action. The stable
state continues through this period; however, since Vb2 is *the voltage
charged across C1, C1 discharges through this period; however, since Vb2
is the voltage charged across C1, C1 discharges through R2 (iime constant
of C1 and R2), ae time approaches 12 {rom t1, Q2 shifts from the OFF state
to the ON state at exactly 12, Vbl drops through R3 and €2, and Ve! rises;
The circuit is shifted to the Q1 OFF, Q2 ON stable siate during this
instant at t2 by means of this regenerative action. The pulse width € W
at this time is essentially determined by the time constant of C1 and R2
and can be expressed as vW = 0.7 C1 . R2.
The above has been an explanation of the thecry of cperation of the one-shot
multivibrator. Since any desired pulse width can be obtained by changing the
time constant of C1 and R2, this circuit 1s employed for itime division, in
addition to circuit delay and voltage contrel.

3) The flip-flop circuit is the same as ihe previously described Schmitt

circuit in that i1t is a binary circuit having two stable states,

4-15



. B o +E Trigger

' )
Rl% D1 B3 pp 32 t1 t2

S e

(b)
(a)

Fige 4.17 Flip-flop circuit

As shown in the figure, since one output sigral is obtained in respect
to two input signals, the flip~flop circuit 1s employed as frequency
divider.
The circult in the figure is a binary divider; however, division to the
required order can be obtained by connecting several of them in cascade and
applying suitable feedback. Refer to 4.6 for information concerning the
decimal divider (counting) circuit. Since the construction in the figure is
completely symmetrical, which transistor (Q1 or Q2) enters the ON state
when the switch is turned on cannot be predicted. Assume that Q2 is ON. If
this is the case, Vc? becomes O V, bias from ~E is applied to Q1, and Q1 turns
OFF.

This is the stable state prior to t1 in (a) of the figure. If a negative
trigger is applied at this time (t1), the pulse cannot pass through D2

since D2 is reverse biased and Vc2 is almost zero since Q2 is ON.

4-16



Since Q1 is in the OFF state, the trigger pulse passes through I1, and the
Q2 bias voltage drops through D1 and Ci.

Hence, Ic2 decreases - V¢2 rises + Vb1l rises -~ Ic¢t starts to flow — Ve1
rises and Q1, Q2 ON OFF are switched by the regenerative action of the drop
in Vhe,

This is the second sizble siate.

If a trigger pulse is applied at t?, the pulse enters at D2 and Q1 and Q2

return to the stale they were in prior to time t1.

4.6 Decimal Counting Circurt Operation
There are various iypes of pulse counting circuvits; however, a
binary circuit is generally employed becmuse of its counting speed and

other factors,

: - ; = ; - ; - Cutput (2)
D =

:
:

|
]
N

Fige. 4.18 Base 16 counting circuit
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This base 16 counting circuit is converted into a decimal counting
circuit by applying a suitable gate and feedback.
Refer to 4.7 concerning the integrated circuit employed as the decimal

counting circuit,

4.7 Description of the Operatiorn of Lhach Block
This counter employs a module system and, since it is divided
into blecks having various functions, a description of each block will now
be given.

1) Time base section (23045, 3D1.

..,
.\
)

)

The time base section is the heart of the counter. The time base

i

section of this counter is 3045 and 3Di2,

The time base section 1is broadly classified into a 1 Mdz crystal
oscillator circuity a wave~shaping circuit for its ouitput or for an ex-
ternal time base signal, and dividing circuits down to 0.25 Hz.

Its form when 4 flip~flops are connected in cascade is shown in Fig. 4.18.

It ihis construction is employed since one output pulse is obtained in
respect to two input pulses, in the so-called base 16 civeust, 1 cutput pulse
will be obtained for every 16 input pulses. As shcwh in Fig. 4.19, flip-flops
d -~ K are used to obtain a decimal divider. That is, the transister in the

ON state shifts to the OFF state ang the transistor in the OFF states inyerts
to the ON state. The action followiné the second stage is shown in the time
chart at the bottom of Pig. 4.19. This forms a decimel divider having 1 ocut-
put pulse for every 10 input pulses.

In the dividing circuit (5D475, 5D12), the 1 MHz from the crystal oscillator

is divided to 25 Hz, 2.5 Hz, etc. by the use of 6 decimal divider stages

and a hase 4 divider circuit.



RESET

[}

INPUT

Q =3 W
(28]

(mo" RESET)

Fig. 4,19 Decimal divider formed from flip-flops J and K
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2) Gate control circuit (3B10, 3B12)
The gate control circuit {3B40, 3B12) controls the opening and

closing of the signal gate at a set time interval. In addition, it also con-
trols the sampling time after counting or at any desired time, geﬁerates a
reset pulse to manually reset all circuits to their original zero state,
generates a memory pulse to instruct the memory during memory display, and
is the circuit which lights the neon tube during the period when the gate
1S open.

Fig. 4.20 is a block diagram of 3B40 and 3B12. Binary in the diagram is a

special name for a flip~flop. A one-=-shot circuit is employed.

' - - 3BLO
emory pulse
' generating cir- Memoxy
, pulse
cuit
Gate open/close = +—O
indicator (CATE IND) Sampling Have- ne-shot
. control B circuit
N s shaping
:o- 3B12 ‘ circuit coireuit |
. O One-shot
ulse
| SAMPLE RATE Reset P
L*:fi-- T S?iiiit —O Reset
Latching - pulse
Gate binaxy binary !
F F F F
L -
o——
Standard
signal O erating
from 3D12 Sigr\al

Pig. 4.20 3B40, 3B12 block diagram
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S - —- 3.6V
tandard signal , l l\ l\ , l e SV

One-~shot pulse ———— + 3.6V
.. oV

+ 4LV

Reget pulse f_'L, r_—l::: ov

Latching binary
Q6 collector - 3.6V

2B40 gate binary / / 367
+ .

Q8 collector Y] l -
oV

|

- - ¢4 15V
1812 Q3 collector [ __ ov

3.6V
Memory pulse 6V

1~ T
3B12 Q7 base A -+ 8V
3B Q7 bvase \\\__———_ -

Fig. 4,21 3B40, 212 timing chart

3) 195 MHz ceunting circuit (58

This circuilt divides a wide range of freguencies (0.25 Hz ~ 15 MHz)

by 10:1. Thi

o

5 ciycult is called a counting circuit net because it divides
in the manner of z dividing circuit but bhecause it cieplays the counted
resulit.

the same as the dividing circult describved previcusly; however, as

oea

1

shown in [Pige 4.22, there is no hack but 1t 1s changed into a decimal

)

counting circult by means of the gate cirecuit. This is done te ¢htain high
resolution gince inere 1s a phase delay vwhen feodback is employed.

Fig. 4.22 shows the operating waveforms in various poinis in the circurt.

P
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4) Other circuits
In addition to the blocks (circuits) already described in the
above, there are blocks which shape the output of the wideband amplifier,
a 40: 1 dividing circuit, 2 MHz counting circuit (3C4Q§, display circuit
(3C10), and power supply circuit (3Kk14).
304ins the 2 MHz counting circuill which contains the display circuii and
memory circuit.
3C10 is the count display ecircuit and memory circuit for the counted re-
sult.
5) General
The above has been a descripiion of the individual circuite em-
ployed in this counter. The various circuils are combined in the instiru-
ment to satisfy all ithe specifications in section 2.

A general block diagram of the counter appears :n Fig. 4.23.
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5. MAINTHNANCE ANDL INSPECTICN

51 Intreduction

This sectinn covers various important peints relating to

mezintenance, maintenance procedures, instruments necessary for main-
tenance, performance checks, and adjustment procedures for the ~Th-3788C
FREQUENCY COUNTER. This i1s accomplished with the use of diagrams and
charts. Assembly procedures, simpie inspeciion, and repalr procedures
to be followed in the event of trouble are also described.
When conducting maintenance and inspection, refer to the circuit diagrams
and parts list appended to the enmd ¢f this section,

5.2 Important Points Kelating to Maintenance

Pay careful attention to the follewing points te cbtain stable,
highly accurate measuremenis over a long period of time.

1) Alweys wear white gloves when conducting maintenance, inspection,
or adjustment on the counter.

2) Use a power source within the specified value (220 V £10%, 50/60 Hz).
NOTk: Connect the power cord to the AC input terminal only after confirming
that the power swiich 1s set to the OFF position,

3} Cooling air is fed in from the side of the counter,

Therefore, always pay careful atisntiion

to avoid blocking the air flow around the counter.

Ui
4
-
n

4) The ambient temperature range in which the counter can be w
0eC ~ +40°C.
5) 1Its storage temperature range is -20°C ~ +70°C.

6) Since a crystal oscillating element 1s employed, never subject the
counter to extreme shocks or vibrations. Alwaye handle the counter carefully.
7) Use a noise filter when there is a considerable amount of noise in

the AC power source.
&) Since the internal signals in the counter can leak out, ground the

case,



measuremenis are reguired, salibraie ine ine
er operates when the cven
power switch is set to OVEN even if the power to
OFF.
11) The warm-up time for this counter is 48 hon
12) Refer to section 2 for input voltage specifications; do not apply
excesslive input.
13) When disassembling the counter, be sure not to loose any of the

5.3 Instruments Necessary for Mairntenance and Inspection

The instruments reqguired to check the performance, iroubleshoot,

ted 1n Thble 5.1,

[}

epair, and adjust the counter are 1i

Gther test eguirment having the same specifications, periormance,

etc, a3 that of those below can alsc be used.

Table 5.1 Instruments required for maintenance
and inspecticn

Instrument ’ Ratings ; Remarks i
Slidac | 220 VAC use Checking individual |
' 0 - 260 V Creater than 150 VA points and power ﬁ
§ ‘supply voltage changes
VIVM @ DC input impedance Creater than 10 MC Measurement of power |
| Accuracy 5% gsuple voltage and i
0.1 - 300V tother voltages |
| AC input impedance Oreater than 1 MO | !
. Accuracy 5% | ;
0.1 ~ 500 Vrms | I
i |
| |
! {
| |
DC volimeter 0.1 ~ 300 V ' Pover supply voltage |
Accuracy 0.5% gadjustment !
Oscilloscope Frequency range DC ~ 500 MH=z %Observation and
Voltage sensitivity 0.1 ~ 200 V | measurement of vol-~
i : tage waveforms in
; - each section mea-
i i surement of exter-
i ~hal input waveforms
: "and internal signals
)



Instrument Ratings Remarks

Signal genera- Frequency range 10 Hz -~ 10 MHz As input signal for
tor Output voltage 5mV ~ 10V measurements and per-
t'ormance checks

Signal genera- | Frequency range 10 MHz -~ 100 MHz : Measurements and per-
tor Output voltage 5mV -~ 10V formance checks

Signal genera- | Frequency range 100 ~ 70O MHz

%
or Uutput voltage 5 mV ~ 10V

High-frequency,! Frequency range 10 Hz ~ 700 MHz !Inputi output, signal
high accuracy |Dletecticn sensitivity Better than | voltage measurements,

voltmeter 1 mV freguency band mea-
isurements
Ohmmeter Input impedance Greater than 10 MQ] Circuit resistance

Measuring range Greater than 0.1 Q measurements

i

i

Variable atten-! Freguency range 10 Hz ~ 700 MH=z f Performance
uator Attenuation Betier than O -~ 404R! checks
1
" Frequency .1 MHz sine-wave . P Meazurement of inter-—
, - : w0 _
! standard Accuracy 1 x 10 'nal time base accuracy

Parformance Chock

)
~

Pevformance checks 4o determine whether or not all the circuits

and functiens of the counter operate normally sheuwld ve performed

J

at the following times.

1. As part of the check of cowiter specifications when

o
I
1
4
0}
o

received.

P

. Periodically to maintain maximum reliability.

4
]

As part of troubleshooting to ascertain the lLocation of the

Lat
S

faulty circuit.
4. To return the counter to its normal state after repair and

adjusiment.,

fas

Som



a. CATE TIME

SAMPLE RATE

cmn

[

ORAGE /NON-STORAGE

Check %0 see whether
controls are sei as shown ab
2) Checking the frequency m

or not 001000.00 kHz

Checking the self-check operation (refer to 3.4)

CHuCK

Fully counterclockwise

STORAGE or NON-LTORACE

{Confirm that the display does no%
change at this time)

iz displayed when the

Ove.

a. GATE TIML 0.4 3
b, SAMPLE RATH Fully counterclockwise
¢.  STORAGE/NON-STOKACE STORAGE
d. Connect a zignzl from the si gnerator to the INPUT
terminal of the cownter with the input cakle. Make the
input signal voltage greater than 10 m¥Yorms at this time.
e, Moasure the 10 Hz « 10 M¥iz signal genorator fruquency
with the counter at a constant 10 mVrms.
o Measure the 10 Mz -~ 100 Miz and 00 MHz ~ 500 MHz fregquencies
in the same manner as in the agbove at a constant 10 mVrms,
NOTh:  Conduci msasurements with a 50 9 termination when noise
1g present in the sable or when the cable must we long
in freguently measurement. ’
) tAGE at the rear panel and
sount display are normal.
4) varied from approximately 80 mS - 5 8
clockwise, When set ‘o HOLD, the sounted
) GATE T the and
freg vomeasuremoent,




There are only four times (4, 40 m3, 0.4, 4 &); however, all of
these are produced by the internal crystal oscillator.
6) Input level
The inpul sensitivity of INPUT is 10 mVrms,
The maximum input veltage at INPUT is 2 Vrms.
Pulse input sensitivity 1s 230 mVp.
7) Reading units

The kHz, MHz, and decimal point position automatic

&

AT €

a

activated by the GATH- TIW: switcl.
8) Power supply voltage variations

Since the counter specifications are 220 VAC »10%, S0/l Hz, con-

firm that counter operatson 15 normal withir

g . . alig - Al a4 v DT PR S 4 . o " “ . - ~
In addition, confirm that power consumpiion gt this time is

approximately 65 VA.

G) Internal time base signal
Frequency 1 ¥Hz, sine-wave
Voltage 1 Vrms below 10 Vrms
Impedance dpprox 10 kR

The counter can be operated by an external | MHz signal.
Set the INT - #XT switch ati the raar panel to EXT and ccernect a 1 NMHz
sine-wave signal greater than 1 Vrms to the BNC terminal.
Operation is performed by producing the time base signal of the counter
by means of an external signal. This is used as the time base for frequency
measurement and when high accuracy is required at the same itime.

55 Troubleshooting

This counter employs all transistors and a c¢ircuit board system.

Since strict product quality control is effectively conducted, irouble

L]
should almos!t never occur. However, if trouble should occur; it can almost

5=5



Llways be corrected bty merely changing circuit beards. Refer to section
4 for s description of the theory of operation of the counter.

is a list of the circuit bhoards and a description of

[

Table 5.
their functions. Various sympioms and their trcubleshooting procedures
are shown in Table 5.2, Perform inspection by checking the analysis

numbers. In addition, refer to the attached circuit diagram, circuit

waveforme diagram, and parts layout diasgram when troubleshcoting.

\
Table 5.2 Circuit boards and their functions
| ’
Circuit board | Circuit diagram | Punction
k14 POWER SUPPLY Power supply circult; control circult
WA92 _ INPUT AMPLIFIER Irnput circuit
3090 1/40fSCALER ' ' Base 40 counting circuit ;
W34 CODE CONVERTER Code converter circuit 5
3C10 DECIMAL SCALER Decimal couniing cirocuit
IC60 i DECIMAL SCALER Decimal ceuwnting circuit §
3040 | DECIMAL SCALER Decimal counting ciremit
3B40 GATE CONTROL (jate contreol section, Gate contrel
circult |
3B12 GATE CONTROL Gate contrel section 4:1 - 10:1 ;
sample rate circuit :
3045 DIVIDER Time base section, wWave-shaping cir-|
cuit, 10:% - 10:1 dividing circultis
{
a1z | DIVIDER . Time base section, 10:1 - 1021 =~
: 10:1 dividing circuits




Table 5.3 Troubleshooting and repair

Symptom and location Trouble locatlion and cause Corrective action

(1) Power lamp doss not light when the power switch (POWFR) 1s set to POWER.

el

: Y ’ .

A. C%GGK to See+}f A) Abnormal AU power supply . Check to see if it |
the fuse at the | 3} Tn4ernal wiring is shorted  is the specified |
rear panel is o PR value ’

- el $ * e L&y ; :

blown C) Shorted +o g%ound due to de < . . f
fective part ¢ Check the individual !

|

. power supplies
b Coarrecot tho fouliy
- peint and IGQIJCV the

(;":4‘:\\/‘-4_1 1602

B. Power supply i

:.llf‘lp T(; ‘I ° 3 i

! L
check f A} Power transformer T1 open Replace defective parcts
1) No output 5) Defective 81 2~d contacts' " '

voltage : C) Rectiifier is open i "

5 D) Defective electrolytic ‘ " ,

i sapacitor

| 314 ,

E £) Defective zener diode e

| B) @~ in the POWLE SHCTIGH

or Q1 - gy in
ueie,t1vn

ara

:
—

Check individual cumponmis "
2) e various | _ '
: {Defectiive angistor or dioce . Heplace the defective
3

v z pars
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{ 3 o
(Th voltages
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Seb

Replacement and Repalr Procedure for Circuit Board Components

4
i

(28]

)

Replacement of transistors, diodes, and integrated circuits
When removing defective semiconductor components, hold the
leads of the component with tweezers having good heat con-
ductivity, guickly melt the solder at the rear surface

vith a soldering iron made especially for transistor use
(below 30 W), and remove ihe leads by pulling them cut with
the {weevers,

If the soldering iron is perﬁitted te contact the printed
board for a leng time, not ounly may the priunted cogper
conductor bs damaged hut the parts may also be damaged.

The installation procedure 1s exactly the reverse of
removal procedure; the leads of  ths part are polished

with sandpaper or lweezers and then inserted .nto the
installation heles in the printed board. The leads of the
part are zttached to the rear of the printed board with
twaezers and installed by guickly applying s small amount of
solder.

Parts replacement procedure

This is the same as described ahboves the part is held with
tweezers and removed guickly. Careful attention must be
given 1o siyrel capacitors since they are covered with a
coating and are susceptible to heat.

Wiring procedures

¥iring 1s performed in accordance with the coler coding
(signal system, power cystem, etc), Special care must be

taken to avoid induction between the AC power lines and

-9
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signal system. When soldering the lead wires, wrap the lead ap-

proximately 1 ~ 2 turns around the connection and sclder it guickly so as
not 1o damage -the wire covering.
4) Replacement of the crystal coscillator
A

afective crystal oscillator can be replaced by remowving the

=

oy

screws which hold the oscillator at the rear and removing the oscillator
from the socket. Since the crystal oscillator is precisely calibrated with
TAKEDA RIKEN's standard, please inform TAKEDA RIKEN when its replacement
becomes necessary.
5) Replacement parts
Replacement parts must satisfy the specificatione of *the oiromii
in which they are to be used. 1% is necessary ic uze replacemcul paris

ir

which are the same as the original parts. When a part cannct be repaired,

ot §

another type may be used {except for semiconductors) as long as 1t nas the
same ratings as the original part.
Semicaonductor parts must be replaced with parts that are identical
to the original.
6) Cleaning and inspection after replacement and repair
hlways perform the following cleaning after parts replacement or
repair.
a) Remove any oxidation from soldered sections with highly vo-
latile or oil thinner.
b) Remove any pieces of cut wiring, solder particles, etc,
These can be effectively removed with high pressure air from
a COompressor.

c) After cleaning check for short circuits between circuits boards

and parts.

5-10



5.7 Assembly Procedure

After repluﬂu ent or repair of beards or parils, assemble the
counter back into its original form; however, do not place 1% into the
case at thig time.

Securely fasten it with screws and lock washers while at the
same time paying careful attention not to damage the slot in the heads
of the screvs

Always apply lock paint fto the screws after 4tichrening ithem.
Insext the circuit boards firmly {0 insure a good comnection sl L

i0N.

I

connector sec
.85 Internal Time Base (Crystal CUscillater) Calibration

Counter reliability cannol be overstressel even when t-lili. wuout
the accuracy of measured rosults.

Measurement accuracy of a counter lg delermined by ftwo factorss

(1) the &1 count error inherent in the counter system, and (0] the ncoaracy
of the internal time base. COf these, sericus consideratlon musi we glven
to the accuracy of the internal time base, which can be considered the

heart of the counter aystem. The internal time vase must itherefore be

calibrated with a standard which guarantees its compliete accuracy. TAKLD

has installed an atomic Trequency standard employing the resonant
frequency of cesium atoms to guarantee this accuracy standard employing
the resonant freguency of cesium atoms to guarantee this accuracy.

Naticnal standards are generally itransmitited as highly accurate frequency
J &) o

standards. The national standard in Japan is JJY which maintains an ac-

e
o

curacy within -3 x 10 . When an asirconomical time standard time standard

is received, error 1 x G ig generated due 1o the

t’

doppler effect, multipath reception, etc. The TAKELA RIKEN Standard em-

ploying the rescnant frequency <f cesium atoms has an absolute atomic

a
(@]

-1 ; o N .
accuracy of 1 x 10 and a long term stability of £1 x 10 + The in-

ternal time base of all frequency counters are calibrated by a crystal

-11
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oscillator secondary iime base of all freguency sounters are oalibrated oy
-, oyl cies Ny as o e I o 5 b - Toah oy 1 b 3 J
a crystal oscillabtor sccondary standard which fg calibraiced by this stendard

R . T Yo gt v A s yoy e f 2 oy LR S e 3 ¥ ¥
a8 the primary standard. The specifications of the primary

n

below,
Output fregquency 100 kia, 1 MHz
Harm-up time 30 ming
R
Stabllity =1 2 10 Jlong term
10
Accuracy Tx 1D
Output signal level i o 20 md, 500
Operaling temperature range £307C - L2000
Secondary Standard Specifications
Cutput frequency 100 Kkliz, Mife, 2.0 M
I R L P
Stabilaty Tt x 0 ooy Lalves one month
WDl )
< cfe 4 S A ‘47,.‘]1(_
Short term stability 4 x 1o Juee

W

; . RO B L1 wTr.
LG OpPTOOUCeR Oy w i Milz

The internal time base of the ~Ti-’
crystal oscillator. The 0.4 2, 4 8, etc. times are then produced oy multi-

plying and diviaing iis frequeancy.

rystal csei1llator
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by using & sitandard.
3) Method ucing a standard
In this calibration methed, the calibrated signal from the
standard is directly connecied to the input of the counter and measurement
performed. At this time, the GATE TIMt switch is set to 4 3 (the longest gate
time position). For example, when the external standard is 10 MHz, adjust the
FREQ STD ADJ until the displayed value of the measured result reads 010000.00

kHz.



possible with

Calibration “makes measurements at an accuracy of 1 x 10
this time must be

B S}

at

the counter. The accuracy of the external standard used
. R ~10
greater than 1 x 10 .

alibrating with the method described above, allow the counter

¥hen o
s after power is applied before performing calibration.

b

to warm-up for 48 hou
should be avoided when

variations, shock, and vibration

¥ b 2

Ambient temperatiure

making measurement after calibration.



