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1s DRESCRIPTION
1.1 Genersal
This instruction manual covers the specifications, operating

850 FREQUENCY COUNTEER.

procedure, theory, and maintenance of the ~TR-37

1. DESCRIPTION A descriptien of the counter and its features.

G  SPRECIFICATIONS 4 degtailed desceription of the counterts funce
tiong and specificailons.

3. OPERATING PROCRDURE  Treparation an“ precautions prior to cperaiing
ihe oﬂuttnr nel LRI 1 )

4, THEORY OF OPERATION

Y 5
wias 11

nracea
cur, The circust dia-

the endl of ihiz cec~

The -TR~378S80 FPREQUENCY COUNTRR is completely transistorized,

frgouenny
fregquenny

compact, w@nd

surement in the 10 Hz ~ 500 Mz

;1
22
6]

eauipments however, this reguirement dees noti exist with ihis
k b [] 4

\

7

€ +he level of the measured signal varies. A specifl feature of this counter
iz the high reliability of its rvyuial oscillator. The oscillater has 2
9, ) . . . .

stability of 3 x 10 “/day under aging conditicns and 1s installed in the
counter only after subjection to varicus severe tests and aging data

checked against a strictly managed standard frequency, as well &as ex-

stive quality control.
The operation of these counters is fast, simple, and accurate.

Measurement is automatically performed and the measured result displayed

in bright, clear digits.



The ~TR-3788C employs TAKEDA RIK:N's original memory displsy
system and its rationally designed controls and automatic swiiching of the
units and decimal point by means of a switch malke 1t exiremely easy to
use. In addition, the use of all silicon gseniconductor components and in-—
tegrated circuits not only facilitates maintenance and inspection but
alsc makes the counter highly resistant to such ambient conditions as
humidity, temperature and externzl noise.

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

a) Frequency measurement up to 500 MHaz.
b) 8 3git decimal numerical display tube registration.
c) Cate times of 4 m3, 40 m3, 0.4 S, and 4 5.
d) Internal ‘ime base frequency having extremely high
accuracy (better than 3 x 10wy/day)é
e) Memory display possible by means of simple swilch operation.
f) Units display and decimal point automatically set by ganging
to various switches.

g) ©Small, lightweight.



2. GSPLCIFIC
2.1 Spe

Mea

Frequency measurement ( Input)

Tim
—
Int

ATIONS
cifications

suring system

Measuring range

(Gate time

Accuracy

Read in

Min. read in freguency
Jignal input
e Base

Interral time base fre-
gquency

Fregquency stability

Time base adjusiment

ernal time base cutput

Frequency

Output level
Qutput impedance
Connectors

Signal stability

Prescaler, dirsct reading decimal
display system

10 Hz ~ 500C MHz

(st

4 m3, 40 ms, 0.4 S, 4 5

internal time base

.

~—r 4

£f.G

accuracy {{: measured frequency,

G: Gate time)

kHz, MHz

Decimal point automatically set whon
gate time switched.

1 kHz, 100 Hz, 10 Hz, i Ha

Front panel BNC connecter

1 MHz

RS s
3 x 10 “fday {constant ambient con-
ditiong, sfter 48 hours of continuous operdtion
)

Hear panel adjustment

Adjusiable range: 5X1O4

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
o
5
I
joN
jo
Py
W
o]
W
o]
&
el
N
‘(-. .
te

Display system

Display time

Count display

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)

ger than 80 mS, max longer

[ e v v -t < PR
S. Continucusly 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

Tront panel cover
2.2 Components

The -TH-3"

1)

2}  AC power cord

3)

4) Ground cable

Input cable

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

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 AL input terminal
Greater thon 50 MQ (100 VDC)

and case

Approx 250 (wide) x 149 (high) x

15 {deep) mm

{Does not include stand, rubber feet
at the rear panel, anc front panc]
cover)

Approx 25
e

788C cenzists of the following components:

~TR=3T756C FREQUENCY COUNTLH 1

-

Py

2 each



8)
)

10)

Instruction manual
Test report

Attenuater ( 20dB)
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3o OPERATING PROCEDUHL
3.1 General
This section covers preparations and precautions prior to
operating the counter, panel description {with the aid of illustrations),
and oaperating procedure.
31,2 UGeneral Preparations and Notes
1) Use an AC power source within the rated 220 V +107%.
2) Since a ventilation fan is not employed, pay careful atten-

tion to ambient air flow.

3) Ambient operating temperature range is 0°C ~ 4000,

(g

Absoelute sterage temperature range is =-20°9C ~ 7T0°7,

Since a crystal oscillating element is employed, auv nol sub-

;)
"
e

ject the counter to exireme mechanical shock, Handle the
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 measuremenis are necessary, calibrate

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 tempevature oven heater operates, even if the
power 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 ~ COFF

Coentrols the power to all circuite except the OVEN heater

of the crystal cscillator. Power is applied when this switch

s set t0 the FOWER side and removed when sei 4o the QFF 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 input

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

M



7) INPUT
Input terminal for frequency measurement.

8) LEVEL
Varies the input signal trigger level. Its variation range
is £15 mV,

-Rear Panel-

9) NON~-STORACE/STORAGE
When this switch is set to STORAGE, the count display 1is
accumulated and the previous counted results continuously
displayed up to the end of the next counting operation.
Only those digits of the previous display which differ
from the results of the following count change.
When set to NON-STORAGK, the accumulating function is lost.
The displayed resulis are reset to "O" prior to initiation
of the next counting operation, and the next counting
operation performed.
When reading the counted results and this gswitch is set
to STORAGE, SAMPLE RATH is turned fully counterclockwise.
Wwhen set to NON-STORACE, set SAMPLEL RATE te a middle posi-
tion and then make the reading.

10) GROUND
Ground terminal for the counter case, when external noise,
induction, etc. are considerabtle, 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).



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 bLase signal appears at

terminal (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 (13).

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, 5C/60 He,
The counter can be modified for use with 100, 115, or 23U

VAC by changing the internal connections,



........

5C |

r-3 768
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FRERUENCY COUNTER

GATE IND.  SAMPLE RATE

~LEVEL +

©

PROBE POWER

GATE TIME

® ® O

@

Fig. 3.1 Panel description



Fig.

(1)

NOTT ¢

that

POWER RESET

Mrz
C// Kz
[7T?i -TR-3788C
FREQUENCY COUNTER
GATE IND,  SAMPLE RATE GATE TIME —LEVEL-
®\ s dﬂlws/ o.25 O
~ \
wipLD CHECK ,%3 PROBE POwER
INFUT

Fig,

3.2 Self~check operation

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

3.2 and those below.

Jet POWER - OFF to OFF,

the POWER switeh is set

Pay careful attention

to OFF.

Connect the power cord to the AC connector only after confirming

to power cord to the power supply voltage;

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

(2)
(3)

(4)
(5)

play

Set GATE TIME to CHECK.

Turn SAMPLE RATE fully counterclockwise.

At this time, set STORAGE/NON-~STORAGE at

Check to see if the displayed value 1s 001000.00 kHz or hot.

the rear panel to STORAGE.

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

value changes or not.

3-6




3.5

Freguency Measurement

~TR-376588C

.
[AAA7]
—

FREQUENCY COUNTER

Conduct frequency measurement by referring to the numbers in

Fig.

1)

2)

3)
4)

3,3 and those listed below.
Set POWER -~ OFF to POUER.

NOTE 1:

Connect the power cord to the AC connector only after

cenfirming that POWER - OFF 1s set to OFF.

Pay careful attention to the power suppiy voltage.

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:

the rateg value cf 10 mV ~

N
-'/,1?
" 4

2 Vrms.
®

.

3~1

| SATE N sarpE RATE GATE TIME —LEvEL- |
© [
| s VS 0 o |
P) v 45 .
HoLD CHECK - FPROBE POwER
POWER RESET , ’ . P \@
8 orr ! ®
. 1 ! '
/| / \
I———— i t
T I
\___ ‘1 T T i
Fig. 3.3 Frequency measurement

Apply thes input signal only confirming that it is within




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 point will be changed a littile by
noise, waveform distortion, eic.

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

When GATE TIME is set to Q.4 mS, measurement accuracy is low

but measuring speed fast. When STORAGE/NON»STORAGE switch 1is

set to NON-STCRAGE, make measurements by turning SAMPLE 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.

31,6 QCuaranteed Measurement Accuracy and Product Quality

Generally, therg are two factors which limit the measurement
accuracy of freguency counters. One is the accuracy of the 1 MHz crystal
oscillator used to produce the internal time base (in the case of the
~TR-3788C this is %3 x 10"9/day) and the other the inherent z1 count
error of counter systems,.

Measurement error due to the crystal oscillator accuracy can be
reduced to a small value; however, the 1 count error is caused by the
comparative phase relatiéﬁshiﬁ'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 1s expressed by the

following formulas

Measurement accuracy = % + internal time base accuracy

1
f.ao
where: f = measured frequency

= (Jate time

7 \
%

A Q
e >
g %7 g?* &
g D S%‘ N '23
EN
[o] 7/ 3 V)\ ’—1\ J
y 70 N o _Q
BN S
= S
/4 ,5\< b<:» O
0 < iw
>
\\ii 2,

7o 700 1K 70K 700K F e TOM 10OM 00N

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

1

standard, accuracy becomes 1 x 10 ' ~ 1 x 10_8 due to muitiple 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, THECRY 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——_|{Wave-shap- Signal Counting Display
) ing cir- I gate section section
cuit
Gate signal
Time base Gate con- feset 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 relationship 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, 100:1, etc. and opens/closes the signal gate

by controlling the gate control section with these signals.

Input signal U, :
B 1 T T T O A I
Shaped output
Gate signal
Signal gate I T I O
output

Fig. 4.2 Time chart

4-1



The 500 MHz input freguency is reduced to 125 MHz by dividing it by

4 and the

25 MHz then employed in the decimal counting

ol

fr aa

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.

tion

Shaped Count
output——— o; i
Vave- 1/4 hlgnalc' Decimal
Input O shaping Signal counting
circuit gate seciion
(tate signal
Time base ; Gate con-{ Reset signal
section 1/4 trol secm———

‘Displeay
section

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

~yole 133 the gate opens once, the count

and zll circuiis

2.5 Hz, and Q.

vte.

ied by adjusting SANPLL RATEL

ing are possible.

The accurate 1 MHz signal {from the crystal cscillator is amplified,

shaped, and then divided by the divider

&

to product the clock signal,

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

4 S (0.25 Hz) cleck signals produced in

this manner are selected by means

GATz TIME on the front panel, fed tc the counting controel 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‘Jtng Dlsp!ay
INPUT circuit circul section

. Reset and wemory signals
Gate signal sed ' v sign

control ratg SAMPLE RATE

circuit circuit
[ Latching
1 MHz —L{]T qul‘ L(];— L(]j
Crystal | _ q
oseillator—L/4 1 /10 [ 1/10}——=| 1AoH=1L/10 H=1/104-11/10
! J
Lms 5
1,0ms O—O—

0.4ks—o VAR M Mk
e 0 [GATE TIMk

Pig. 4.4 Block diagram of frequency measurement

4-3



4.3 Frequency Measurement Accuracy

Frequency measurement accuracy is determinéd by the z1 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 signalj
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 be obtained

with ibe following formula when the gate time is added.

1
full count

Frequency measurement accuracy = x internal time base
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 in Fig. 4.5.

Gate waveform

L] 6 counts

Input signal

Input signal 5 counts

When conditions are as shown in Fig. 4.5, the count should be 5.7 if mea-
sured with an analog system; 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, timel&

v

calibration is necessary.

4-4



4.4 Self-Check

fed to the divider

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

clock signals.,

to produce the 250 kHz, 25 kHz ... 2.5 Hz, and 0.2 Hz

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 is present. At

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

measured, the counted results can he anticipated 1f the gate time is set

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

known.

Wave—

shaping

1/4

circuit

1 MH=z

Gate signal

Gate

Counting Display
circuit circuit
1 keset and

memory signals

Sample

control
circuit

rate
circuit

:::::%g__[SAMPLm HAT |

I Latching |

i

Crystal i i
osoilla:}_.1/4 L0 /10— 1/10—] 1/10H=|1/10H+ 1/101-=11/10
“torl
S loame TIME
—-O_‘
_O

Fig. 4.6 Block diagram of self-check

0
|



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). In respect to a positive input D1 is OFF (nonconducting) and no
output appears at the output 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 amplitude of the input signal, it is called

a limiter (or clipper) circuit.

INPUT OUTPUT

INPUT OUTPUT 1n 1 Dl
r--Jl o t—r—0

1 Y D,
2{{‘}“—*“0>ﬂo L& 1 o

| 0 | !
n L | n Dn :
1 i
(5) I»—OJ'Lo-~—¢<—- .
a
=+ (b) 1R
- ——-=1

|
INPUT N

I

[

OUTPUT
(c)

Pig. 4.8 Diode AND circuit
A circuit in which a "1" signal is generated at the output 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,
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If a "0" (zero voltage) signal is simultaneously applied to terminals 1,

2y se« 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, CUTPUT is nearly at ground potential and an output
does not appear.

When a "1" (+ voltage) 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 "1'" voltage is greater than +E, the.output will be +E regardless of
ihe input veltage 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 OUTPUT
L o r- gdlo > o
R W 9 D2 .
nfo—1/ oL o
a I 1 n
( ) :—_ O]‘LO_J______“_%
|
L (b) jR
| 1 . .
S I ey S
INPUT | i ST |
[ ! |
2 — ___o0
: '.__lll | |______l
] i
A
In [ L Il f
outeur —d L L __ o
(e)

Figs 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 "0", the diodes are reversed biased
and, since all the diodes 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 output 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 1s a comparison of a limiter type differentiator circuit employ-

ing a diode and conveniional RC differentiator circuit.

¢
Input o0—u— Output Inputo—|}—— -0 Output
ﬂ ?? ,Kr_ ﬂ I N
O~ ' O e, + 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
O e S—

Constant ocutput voltage
X

o )

Fige. 4. 11 Constant veltage 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 obiained
if a silicon diodes is used.

(B) Transistors

This counter emplpys various types of transistors in the wave-
shaping éircuit and as Schmitt circuits, flip-flop circuits, and amplifie%
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.



Load
o

(&) Grounded emitter

(b) Grounded cellector

(¢) Grounded base

Load

Fig. 4.1 PFeatures of basic transistor configurations

Grounded base

Configuration Input impedance Ouiput impedance Voltage gain
Grounded emitter Medium Medium High
Grounded collector High Low None

Low High Medium

The above is for NFN type transistors; however, everything is the same for

PNP type transistors except that current flow is in the reverse direction.

This counter employs the grounded emitter in the majority of circuits:; only
J o 2 :)

a very small portion employs the grounded collector.

The grounded collector has no voltage gaing however, since its input impedance

1s 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
signals into a waveform having short raise énd fall times in order to amplify,
transfer, count, and divide them.
The wave-shaping circuit widely employed to accomplish this is the
emitter coupled binary circuit. This circuit is called a Schmitt circuit

after the inventor.

+15V
R3 R4
Vel > i
R1 ¢ i Ve2 Cutput
Vbl __ QL cl Vb2 _J“*ng_
Input Input o— 1
Vel o
. R2
a
O ? L4

Figs 4.13 Typical Schmitt circuit

An example of this circuit is shown in Fige. 4.13. If RY1 and R2 are selected
s0 that Q1 base voltage Vbl is lower than the voltage drop across RS (@}
emitter voliage Vel), bias veltage Vbl 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 R6 are selected so that Q2 base voltage Vb2 is slightly higher than
Vel, Q2 conducts (ON) and the output voliage at Q2 collector Vc2 will be almost
proportional te the values of RS and R7.

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 Q! con~
ducts (ON state). In this state, Q1 current starts to flow, Vci drops, 2 rlees,

and Vel drops., The base to emitter voltage of Q1 becomes large, Vel steadily
’ 112



drops, and Vb2 drops. The loop gain becomes greater than i 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.
When Vbl rises, it eventually turmms 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 stieadily 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 cuiput having a rise time; fall time, and ampli-

9

tude, 1n respect to various input signals can be obtained, it is uned a
a wave-shaping circult.

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

of hyeteresis is that after Q1 turns ON and Q2 turns CFF, 1o exceeds the
input voltiaege and Q2 does not turn on since voltage.VbZ becomes extremely
low despite the fact that Vel is the same as the original voltage 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 i1s shown in diagram form in Fig. 4.14. Since erroneous operation

will occur if noise in the signal is greater than Eh, careful attention is

required. (Refer to Fig. 4.15.)



Input voltage

Input voltage Ncise Basic signal

Output
voliage
. my y
Cutput voltage Time sme
Fige 4.14 Schmitt circuit Fig. 4.19 Lrroneous operation
output voltage due to noise

3) One-shot multivibrator
When counting, the accurate internal time base must be divided

to a low frequency in order to be used as a TIME UNIT and TIME GATE.
Phantastron circuits, one-shot multivibrator circuits, and flip~flop
circuits are typical system widely employed o accomplish this.
A description of the one~shot multivikrator will be given here. Unlike thu
Schmitt circuit described previously and the flip-flop circuit to be desw
¢ribed later which have two stable states, this circuit has only one stable
state.
The major point of difference between this circuit and Schmitt and flip-flop
circuits is that the cutput 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

+E 1/» ; r,

Trigger input |
I

| |

| T:i,meco/ns:c:nt
—{w—{ determined by
C1 and R2
Vez

Fig. 4.16 One-shot multivibrator
At 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), aes time approaches t2 from 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,
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o +E Trigeger

‘ R JR2 £1 2
Rl % m 3 D2 Trigger
]

t3°

Y
—~d
B

(b)
(a)

Fige 4417 Flip-~flop circuit

As shown in the figure, since one ouiput signal is obtained in respect
to two input signals, the flip~flop circult is employed as freguency
divider.
The circult in the figure is a binary divider; however, division to the
regquired 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 @2) enters the ON state
when the switch is turned on cannot be predicted. Assume that Q2 is ON. If
this is the case, Vc2 beoomes O V, bias from -E is applied to Q1, and Q! 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.
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Since Q1 is in the OFF state, the trigger pulse passes through D1, and the
Q2 bias volitage drops through D1 and Ci.

Hence, Ic2 decreases — Vc2 rises - Vb1 rises — I¢l1 starts to flow - Ve1
rises and Q1, Q2 ON OFF are switched by the regenerative action of the drop
in Vbha.

This is the second stable state.

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 Circuit Operation
There are various iypes of pulse countiing circuits; however, a
binary circuit is generally employed because of its counting speed and

other factors,

Oj Jﬁ\_ ﬁ\_ vm_ ﬁgut(Z)

:
j

|
-

Fig. 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 Operation of Lach 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 {3045, 3D12)

The time bhase section is the heart of the countier. The time base
section of this counter is 3045 and 3D12,

The time base section is broadly classified into a 1 MHz crystal
oscillator circulil, a wave~shaping circuit for its ouiput 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 this construction is employed since one output pulse is obtained in
respect o two input pulses, in the so-called base 16 civewsrt, 1 ocutput pulse
will be cobtained for every 16 input pulses. As shcwh in Fig. 4.19, flip-flops
J - K are used to obtain a decimal divider, That ls, the transister in the

ON state shifts to the COFF state ang the transister 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 out-
put pulse for every 10 input pulses.

In the dividing circuit (5D475, 5D12), the 1 MHz from the crystal oscillator
is divided 1o 25 Hz, 2.5 Hz, etc. by the use of 6 decimal divider stages

and a hase 4 divider circuit.



RESET

INPUT

("O" RESET)

[we]

Fig. 4.19 Decimal divider formed from flip~flops J and K
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2) Gate control circuit {3830, 3B12)

The gate control circuit (3B40,

closing of the signal gate at a set time

3812) controls the opening and

interval. In addition, it also con-

trols the sampling time after counting or at any desired time, generates a

reset pulse to manually reset all circuits to their original zero state,

generates a memory pulse 10 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 2B12. Binary in the diagram is a

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

Gate Open/close
indicator (GATE IND)

i

L

Gate binary

O——

Standard
gignal
from 3D12

v T 3BA4O
emory pulse
generating cir- Memory
cuit pulse
. — . .
Sampling - - (ne-~shot
control :i:ein circuit
circuit . p‘_% B
-~circuit ,
O One-shot
pulse
SAMPLE RATE Reset
- e [ Reset
Latching ” pulse
binary
F
' Q Gratir!g
Sig'r\al

4~20

Fig. 4.20 3B40, 3B12 block diagram




Standard signal l ' l ] l -- + 3.6V
\ ———— OV
One~shot pulse ——— — + 3.6V
- oV
——— + 4V
Heset pulse [ | _ oV
. Latching binary
1 an
Q8 collector e 3.6V
_ . [ ov
3B40 gate binary / fL 3.6v
Q8 collector Kl , -t
v —_————— - . __ WV
— - + 15V
3B12 Q3 collector \k\j = —— - OV
- - 3.6
Memcry pulse - BVB
S ; - — - 8V
3812 Q7 vase /”’__l\L +
N v
Fig. 4.21 3540, 1812 timing chart
3) 15 MHz counting circuit
This circuit divides a wide range of fregquencies (0,25sz ~ 15 MHz
by 10:1. This ecircuit is called a counting circuit not becsuse it divides
in the manner of =& dividing circuit but because it dicplays the counted

result.

+3

his i1s the same as the dividing circuit

ige 4.22;, there is

)

]

in

1.
SN0V

changed into a

previcuslys; however, as

counting circuilt by means of the gate circuit. This is done to ohtain high
resolution since there is a phase delay when feadback is employed.
Fig. £4.22 shows the operating waveforms in various points in the circuit.




4) Other circuits
In addition to the blocks (circuits) already described in the
above, therse are blocks which shape the ouiput of the wideband amplifier,
a 40: 1 dividing circuit, 2 MHz counting circuit (3C4Q§, display circuit
(3C10), and power supply circuit (3K14).
304ins the 2 MHz counting circuit which contains the display circuii ana
memory circuit,
3C10 is the count display circuit and memory circuit for the counted re-
sult.
5) CGeneral
The above has been a deseription of the individual circuite em-
ployed in this counter. The various circuiils are combined in the instru-
ment to satisfy all the specifications in section 2.

A general block diagram of the counter appears n Fip., .23,

AN
4

~
t
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5.  MAINTENANCE AND INSPRECTICN

51 Introduction

This section covers various important peints relating to
maintenance, maintenance procedures, insiruments necessary for main-
tensnce, performance chocks, and adjustment procedures for the ~TR-3788C
FREQUERCY COUNTER. This is accomplished with the use of diagrams and
charts. Assembly procedures, simplie inspection, and repalr procedures
to be followed in the event of trouble are also described.

When conducting maintenance and inspecticn, refer to the circuirt diagrams
and parts list appended to the end of this section.

5.2 Important Points Relating to Maintenance

Pay careful aittention to the following points to cbiain stable,
highly accurate measurementis over a long period of {time.

1) Always 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 zord to the AC input terminal only after confirming
that the power swiich is set to the OFF positioen,

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

Therefore, always pay careful attention

to aveid blocking the air flow arcund the counter.

[
-
i)

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

6) Since a crystal oscillating element is employed, never subject the
counter 10 exireme shocks or wvibrations. Always handle the counter carefully.
7) Use a noise filter when there is a co siderable amount of noise in

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

case,



1) When |} reguired, calibraie the ine
ternal crysital oscillator,

10) The internal heater cperates when ihe constant temperature oven
power svitch is set to OVEN even if the power switch (POWLE) is set to
OFF.

11) ™ warm-up time for this counter ig 48 hours

12) Refer ‘o section 2 for input volisge specification do net apply
excessive input.

13) ¥hen disassembling the counter, be sure not to loose any of the

5.3 Instruments Necessary for Maintenance and Inspection
The instruments required to check the performance, troubleshoot,
repair, and adjust the counter are listed in TAble 5.1,
Gther test eguipment having the same specifications, perf{ormance,
etc. as that of those below can alsc be used.
Table 5.1 Instruments required for maintenance
and inspecticn
Instrument ; Ratings i Remarks i
Slidae ' 220 VAC use Checking individual
0 ~ 260 V Creater than 150 VA ‘points and power !
(supply voltage changes!
VI'VM 3 DC input impedance Creater than 10 MﬂiMeasurement of power

Accuracy 5%

0.1 - 300V

{ AC input impedance
Accuracy 5%

C.1 -~ 500 Vrms

Creater than 1

i supply voltage and
'other voltages
MQ

i
|
:
|
i
|

i

i

i

|
i

13

DC voltmeter

0.1 300V
Accuracy 0.5%

Pover supply voltage
| adjustment

i
|
!
i
i
|
!
I
|
|
i
H
|

Oscilloscope

Frequency range DC ~ 500 MHz
Voltage sensitivity 0.1 -~ 200V

' Observation and
%measurement of vol-~
i tage waveforms in

" each section mea-

. surement of exter-
nal input waveforms
and internal signals

N
{
N



Instrument

Ratings

Remarks

Signal genera- | Frequency range 10 Hz -~ 10 MHz As input signal for
tor Output voltage 5mV ~ 10V | measurements and per-

formance checks
Signal genera- | Frequency range 10 MHz ~ 100 MHz ! Measurements and per-—
tor Output voltage formance checks

5mV - 10V

Slgnal genera-
tor

Frequency range

Output veliage

100 -~ TO0 Mz

5mV ~ 10V

. . i .
High-frequency,! Frequency range 10 Hz ~ 700 MHz Input, outpul, signal
high accuracy |Dletection sensitivity Better than | Voltage measurements,
voltmeter 1 mV freguency band mea-

| surements
Ohmmeter Input impedance Creater than 10 MG Circuit resistance

j
i
gMeasuring range Greater than 0.1 Q measurements
i
| !
i
Variable atten~ PFrequency range 10 Ha - 700 MHz = Performance
uator | Attenuation  Betier than O ~ 4045 checks
H 1
; i
{ ! i
| ! ! i
' Frequency ;1 MHz sine-wave P Measurement of inter—
i . : - . J
i standard PAccuracy 1 x 10 ‘nal time base accuracy
| ! >
5-4 Parfoermance Choeck
Performance checks to determine whether or not all the circuits

u

lowing

) times.

>

received.

and functi
at the
1;'8

2

ens of the counter operate normally

As part of the check of countey spscific

3« As part of troubleghooting to ascertain
faulty circuit.

4. To return the counter to its normal stat
ad luctment.

=3

P

heuld ve performed

tions when
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yod

a

. Periodically to maintain maximum reliability.

the location of the

2 atter repair and



a. CGATE TIME

SAMPLE RATE

STORAGE,/NON-GTORAGE

Checking the self-check operation (refer to 3.4)

CHECK

Fully unterclockwise
STORAGE or NON-STORACE

{Confirm that the display does not

Check 1o see whether
contirols are set as shown above.

0
~—r

Checking

a. GATH TIMGE 0.4 B
b, SAMPLE RATH Fully counterclockwise
c. STORAGE/NON-STORAGE STOR AGY,
de Comnect a signal from the signal generator to the INPUT
terminal of the counter with the input cable, ¥ake the
put signal voltage greater than 10 m¥oms at this time.
e. Measure the 1D Hz ~ 30 Mz signal genorator frequency
with the counter at 2 constant 10 mVrms.
f. Measure the 10 MHz ~ 100 Miz and 100 MHz ~ 500 MHz frequencies
in the same manner as in the above at a constant 10 mVrms.
NOT 2 termination when noise
2 cable must be long
in freguently measurement, ‘
1) Switch STORAGE/NON-STCRAGE at the rear panel and confirm thati
both memory dioplay and count display are normal
4) Tre display time can be varied from approximately 850 mS 5 8
by turning SAMPLA RATE clockwise. When set lo HOLD, the counted

e
5

result is maintained.

) GATE T estazblishes the count
f"‘?"’.{’,@fﬂ‘\?f)’ maasurenent,

=~

change

or not 001000.00 kHz is

the frequency measurement operation (i

time for

at this time)

displayed when

the

A

e



There are only four times (4, 40 m3, 0.4, 4 &); however, all of

these are produced by the internal orystal oscillator.

N

) TInput level

The inpui sensitivity of INPUT is 10 mVrms.
The maximum input veltage at INPUT is 2 Vrms.
Fulse input sensitivity 1s =30 mVp.
7) Reading unite

1

automatically

K

A€

A

The kHEez, MHz, and decimal point position

activated by the GAT: TIMh switoh.

3

8) Power supply veltage variations

S3ince the counter specifications are 220 VAC £10%, 50/u( iz, con-

firm that counter operation is normal wiil

In addition, confirm that power consumption ol thie time s

approximately 65 VA.

9) Internal time base signal
Frequency 1 MHz,
Voltage 1 Vrms below 10 Vrms
Impedance Approx 10 ku

The counter can be operated by an exiernal 1 MHz signal.
Set the INT -~ EXT switch at the rear panel to EXT and connect a 1 ¥Hz
sine-wave signal greater than 1 Vrms {¢ 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 freqguency
measurement and when high accuracy is required at the same time,

55 Troubleshooting

This counter employs all iransistors and a circuit board system.

Since sirict product quality control is effectively conducted, trouble
should almost never occur. However, if trouble should ocecur, it can almd%t
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Alvways be corrected by merely changing circuit boards. Refer 1o section

4 for a description of the theory of operaition of the counter.

[

Table 5.2 is a list of the circuit boards and a description of

their functions. Various sympioms and their troubleshooting procedures
are shown in Tabhle 5.3, Perform inspection by checlking the analysis

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

vwaveforme diagram, and parts layout disgram when troubleshcoting.

\
Table 5.2 Circuit boards and their functions
Circuit board | Circuit diagram ! Functiion
k14 POWER SUPPLY Fower supply c¢ircult; contrei circuit
WA9Z2 INPUT AMPLIFIER Input circuit
3090 1/40 SCALER Base 40 counting circuit |
WG4 CODE CONVERTER Code converter circuit :
3C10 DECIMAL SCALER Decimal counting circuit
3CE60 i DECIMAL SCALER Decimal counting circuit §
3C40 » DECIMAL SCALER Decimal counting cirecuit @
IB40 GATE CONTROL (iate contrel section, Gate control
circult |
2B12 GATE CONTROL Gate comirel section 4:1 ~ 10:1 ;
sample rate circuit :
345 DIVIDER Time base section, wave-shaping cir-!
cuit, 10:1 - 10:1 dividing circultis
i
D12 . DIVIDER . Time base section, 10:1 - 10:1 -~
: 10:1 dividing circuilts




Table

Se3 Trouble

shooting and repair

o
H
i

{

i

!

i

Symptom and location

Trouble location and cause

(‘(\hv\cct 1ve

action |

) is set to POWER. |
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5.6  Replacement and Repair Procedure for Circuit Board Components
5) Replacement of iransistors, diodes, and integrated circuliis
When removing defective semiconductor components, hold the
leads of the component with tweezers having good heat con-
ductivity, quickly melt the solder at the rear surface

with a soldering iron made especially for transiztor use
(below 20 W), and remove the leads by pulling them ocut with
the tweezers,

If the soldering iron is perﬁitted to contact the printed
board for a long time, not only may the printed cogper
conductor be damaged but the parits may also be damaged.

The installation procedure is exactly the revarse of
removal procedure; the leads of the part are pulished

with sandpaper or iweezers and then inserted into the
installation heoles in the printed board. The leads of the
part are attached to the rear of the prinpted board with
tweezers and installed by guickly applying a small amount of

solder.

[a]
~

Parts replacement procedure

This is the same as described above; the part is held with
tweezers and removed guickly. Careful attention must be
given to styrol capacitors since they are covered with a
coating and are suscepiible to heat.

3) Wiring procedures

Wiring is performed in accordance with the color coding
(signal system, power system, etc). Special care must be

taken to asvoid induction between the AC power lines and
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signal system. When soldering the lesd wires, wrap the lead ap-
proximately 1 ~ 2 turns around the connection and sclder 1t quickly so as
not to damage -the wire covering.

4) Replacement of th

fv)

srystal coscillator

A dsfective crysial oscillator can be replaced by removing the

=

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 specificatiuns of the ciromrt
in which they are to be used. It is necessary itc use replacemunl Daris
which are the same as the original parts, When a part cannoct be repaired,
another type may be used (except for semlconductors) as long as 1t has the
same ratings as the original part.
Semiconductor parts must be replaced with parts that are identical
to the original.
6) Cleaning and inspection after replacement and repairxr
Always 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, sclder particles, eic.
These can be effectively removed with high pressure air from
a COmMPressor.

c) After cleaning check for short circuits beiween circuits boards

and parts,
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5.7 Assembly Procedure

After repl cement or repair of beards or parls, assemble the
counter back into its original form; however, do not place 1% into the
case at this 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 screws

Always apply lock paint fto the screws after 4tichrening ithem.

Insext the circuit boards firmly {0 insure a good comnection sl L

. P B N .
5.5 Internal Time Base (Crystal Cscillator) Caslibration

1

Counter reliability cannol be overstressel even when t-lili. wuout

the accuracy of measured rosults.
Measurement accuracy of a counter is deltermined by tvr factorss

(1) the ¢1 count error inherent in ihe counter

of the internal time base. Cf these, sericus conslideration musi we glven
to the accuracy of the internal time base, which can be considered the

ust therefore be

=

heart of the counter zaystem. The internal time vase
calibrated with a standard which guarantees 1ts compliete accuracy. TAKnDA
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.
National standards are generally transmifted as highly accurate frequency

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
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escillator secondary iime base of all froguency zounters are oalibrated by

a crystal oscillator sccondary standard which is calibraicd by this stendard
28 the primary standard. The specifications of the primery standard arc lisisd
below,

Cutput freguency 100 kia, 1 MHz

Harm-up {ime 30 milng
44
Stabiliis T L L P
stablilty <1 £ 170 Jatng term
10

Accuracy i x 10

Qutput signal level (D o 20 mH, 500

Operating tempersture range 131070 L2070
Secondary Standard Specifications

Qutput frequency

Stability month
= 4 bt 14 A 4*”11 /
Short term stability 4 x 10 /gee

- m

The internal time base of the ~TH~ITUUC 1s produced by o 1 Mz
cerystal oscillater. The 0.4 3, 4 3y etc., times are then produced oy multi-
plying and dividing its fregquency.

There is a method of calibrating the crystal oczeillator

by using & siandard.

3) Method ucing a standard

In this calibration methed, the calibrated signal from the

standard is directly connecied to ihe input of the counter and measurement
performed. At this time, the GATE TIME switch is set to 4 3 (the longest gate
time position). For example, when the external stendard is 10 Miz, adjust the
FREQ STD ADJ until the displayed value of the measured result reads 01000C.00
kHz.,

512
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Calibration mekes measurements at an accuracy of 1 x 10 possible with
the counter. The accuracy of the external standard used at this time must be

greater than 1 x 10719,

When calibrating with the method described above, allow the counter
to warm-up for 48 hours after power is applied hefore performing calibration.
Ambient temperature variations, shock, and vibration should be avoided when

making measurement after calibration.



