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i DESCRIPTION
1.1 (eneral
This instruvetion manuazl covers the specifications, operating

procedure, theory, and mainterance of the -TR-37BEC FREQUENCY COUNTER.

-

) A dta Pantyivog
2poand 1hs feaures.

+  DESCRIPTICH A descripiion of the count

SPECIFICATIONS A detailed description of the counterts func-

tions and specificatlions.

]
@

3., OPERATINC PROCLDURE Freparation and prec to aperating

"
@

(with the aid
n

4. THEORY OF OPLRATION  Principles of construction ceniersd around
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stability of 3 x 10 "/dey wnder aging cenditilons znd 1s installed in
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counter only after subjection to various severe tests and aging data 5
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checked against a strictly managed siandard frequency; as wel
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ve guality control.
The operation of these counters is fast, simple, and accurate.

Measurement is automatically performed and the measured result dis iplayed
o S

(O]
®

in bright, clear digits
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The -TR-3788C employs TAKEDA RIKLN's original memery display
system and its rationally designed controls and automatic switching of the
units and decimal point by means of a switch make 1t 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 tc such amblen! conditions as
humidity, temperature and external noise.

The major features of the ~Th-3788C LLLCTRONIC COUNTLR are as

a) Frequency measurement up to 500 MHz.
b) 8 digit decimal numerical display tube registration.
c) Gate times of 4 m3, 40 mS, 0.4 S, and 4 S.

+

d) Internal time base frequency having extremely high

B ]

accuracy (better than 3 x 10 “/day).
2) Memory display possible by means of simple switch operation.
f) Units displéy and decimal point automatically set by ganging
to variocus switches.

g) Small, lightweight.

12



2., SPLCIFICATIONS
2.1 Specifications

Measuring system

Frequency measurement {Input)
Measuring range
Gate time
Accuracy
Read in
Min. read in freguency

Time HBase

Interrnal time base fre-

quency

Prequency stability

Time base adjivstment

Internal time base cuilput
Frequency

Cutput level
Cutput impedance
Connectors

Sigral stability

Prescaler, direct reading decimal
lay system

500 Mz

/ o 4 o
L Moy 4‘:? oy Ge

PN

S, 45

internal time bLase

iad

el ¢
£.G

accuracy (f: measured freguency,
G: Gate time)

, M
Decimal point autcmatically set whon
gate time switched,

1 kHz, 100 Hz, 10 Hz, 1 Hz

Front panel BNC connector

x 10 “/day {constant ambient con-
‘ai@xm, after 48 hours of continuous oper'dt/'lon)
Hear panel adjiustment

Ad justable range: 5><1O"E

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

BNC type (rear panel)

Corresponds to internal {ime base

D
fas]
[ed
(g}
o
e
j3i]
0
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Lxternal time base input
Fraquency
Input voltage
Input impedance
Coennectors

General apecifications

Counting capacity

Count display

Memory digp

Infinite

INPUT

Inpnt mode

Input 1impedance

Maz,. input voliage
Safe input valiage

Pulse input

1 MHz
1 Vems ~ 10 Vrnms

Greagter than 10 kO

BNC type {rear panel)
E-digit decima

Teo prmat s g o 1
Numerical

. . 7
Count display and memory display (can

X
"

pe switched at the rear panel)

Mir. longer than 80 wm$, mex longer
3 ! l¥ variable and

Y

Approximately 50 R

100mVems ¢(jo Hz ~ 100 H2)
10 MVrms ¢ 100H ~ 500 MHz)

115 my

~ ¥

2 Vrms

Kesoluticn 2 nS, sensitivity :50 mip
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Self-check

Operating temperature range
Storage temperature range

Power supply

Voltage

Pover

Insulation resistance

—
o
purs
=)
o
=
=
W
w
(o]
3
2

oonalsts of

4 Ground cable
5} Tubular glass fuse ( 1A)

-

Screwdriver (3 mm)

Allen wrench (3 mm,4 mm)

the

~a
(O

The time base ~cuit, counting

circuwit,; and various gates can be
checked at a count {gate) time of

0.4 5 and MEz internal time base,

00C «~ +40°C

~2000 « 47020

220 VAC, £10%, “0/60 Hz
Can be maedified for 100, 115, 230 V
{optional)

N

Approx 65 VA

Between one AC input terminal and case
50 ¥Q (100 VDO)

Greater thon

Lezs

Approx 250 (wide) x 149 (high) x
345 {deep) mm

{Doss not includ

at ihe reayr panel,

cover)

Anprox 2
&

following components:

FREQUENCY COUNTLER i

i

2 each

no
¥
(o8



§)
9)

10)

Ingtruction manual
Test report

Attenuater ( 20dB)
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3. OPLRATING PROCEDURL

3.

1

General

This section covers preparations and precautions prioer to

operating the counter, panel description {(with the aid of illustrations),

and cperating procedure.

S

e

(Jensral Preparaticns and Notes

1) Use an AC power source within the rated 220 V +10%.
2) Since a ventilation fan is not employed, pay careful atten-

tion te ambient air flow,

Ambrent operating iemperature range 15 090 ~ 4070,

Lt
—

\ ; . b T TS ~ :
4} Absoluts storage temperature range is -20°C ~ +70°0,

o | 11 4 1 . :

)) Since a crystal oscillialing elsment 1s dos nol o
{ oo - S i B -4 PR i , 2} < ey ) - 17 F o
Ject the counter %o extreme mechanical shock. Handle the

counier carefully.

[N
—
—
9

considerable power line nolse is preseni, use a noise

the internal signal may leak out, ground the counter,

-
~——
%
o
£
o
&

|4

(9]
~—

When highly acrourate measurements are necessary, calibrate
the internal crystal oscillator. (Refer to the precautions
pertaining %o meintenance of TAKKDA RIKEN Counters)

9) All functicns begin i operate as soon as power is applied.
10) The constant temperature oven heater operates, even if the
power swiich is turned off, unless the power cord is un-
plugged. (Since 48 hours after the OVEN heater is set 1o
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 measuremenis over

a long period of time.



3.3

Panel Description (Refer to Fig. 3.1.)

-Front Fanel-

1)

P
~

L)
—

GATE IND

This neon tube indicates the opening and closing

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

a) The time between couniting operations can be varied

from BO mS to more than 5 5 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

Contrels the power to all circuits except the OVEN h:=ater

of the crystal oscillator. Power is applied when this switch

is set to the POWLER side and removed vwhern sei to the OFF side,

RESET

The primary counting circuit and {ime base are set to the
zere state ond counting operation immediately performed at

the next CATE signal vwhen this buttion is depressed.

GATE TIME

Switches the counting time when making frequency measurements
or performing the CHECK operation. When set to CHECK, the
counting time is constant 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 vwhen using a high input

impedance probe. The input impedance of INPUT is 1 M§.

Fn P



7) INPUT
Input terminal for frequency measurement.

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

~Rear Panel-

9) NON-STORAGE/STORAGE
When this switch is set to STORAGE, the count display is
accumulated and the previous counted results coniinuously
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-STORAGE, the accumulating function is lost.
The displayed resulte 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 switch is set
to STORAGE, SAMPLE RATE is turned fully cocunterclockwise.
When set 4o NON-STORAGE, set SAMPLE RATE to a middle posi-
tion and then make the reading.

10) GROUND
Ground terminal for the counter case, when external noise,
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).

3-3



12) EXT and INT
When set’to INT, all the gate fﬁnctions are performed
by the crystal oscillator housed inside the co;nters
At this time, a 1 MHz time base signal appears at
terminal (13). When set to LXT, the gate functions of
the internal crystal oscillator are lest. The gate functions
are performed by applying an external time base signal
(1 MHz) to terminal (13).
13)
14) FUSE 1 A
Power fuse for the counter. A 1 A fuse is required.
15) AC 220V
AC power connector. Rated power is 220 VAC #10%, SC/60 Hz.
The counter can be medified for use with 100, 115, or 230

VAC by changing the internal connections.
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Fig. 3.1 Panel description
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3.4 Self-Check Cperation

({/ Kz

E%EQ ~7R-3786C |

EREAYENCY COUNTER

.I ®\\ 4/»75\40'”" o.a5 O

) . / S
W oLD CHEK ’ PROBE Fw ER
POWER RESET

INPUT
0
® /JorrF

GATE NG, SAMPLE RATE GATE TIME —LEVEL-

®

\

/

[

\ / {

\
:
ot > ©

Fig. 3.2 Self-check cperstion

Conduct the self-check operation by referring to the numbers in
Pige 3.2 and those below.
(1) Set POWER - OFF to OFF.
NOTE: Connect the power cord to the AC connector only after confirming
that the POWER switch 1s set to OFF.

Pay careful attention to power cord to the power supply voltage;

the rated value is 220 VAC 210/, 50/60 Hz.
(2) Set GATE TIM: to CHECK.
(3) Turn SAMPLE RATE fully counterclockwise.

At this time, set STORAGE/NON—STORAGE at the rear panel to STORAGE.
(4) Check to see if the displayed value is 001000.00 kHz or not.
(5) Change STORAGE/NOﬂmSTORAGE at the rear panel and check 1if the dis-
play value changes or not,.

3-6




3«5 Frequency Measurement

® ®
a1 R
iR @
Kz
V7R |[-re- 3758
A7
T | FREQUENCY CoynTER
| SAEMND. sarpE RATE GATE TiME -LEVEL - N
| © {
| @ ams 77 0.5 O H
P) \ ! oas ~.
YLD cHECK , PROBE PowER
Pow ER RESET ’ ‘ T \@
& pre / ®

o 1
N

| ]
7 |
| |
® o ©® |

Fregquency measurement

Conduct frequency measurement by referring to the numbers in
Fig. 3.3 and those listed below.
1) Set POWER - OFF to POWRK.
NOTE 1: Connect the power cord to the AC connector only after
confirming that PCHER - OFEF is set to COTF,
2: Pay careful attenition to the power supply voltage.
The rated value is 220 VAC x10%, 50/60 Hz,

2) BSet GATE TIME to 0.4 A.

Set STORAGE/NON-STORAGH at the rear panel to STORAGL.

4) Apply the signal to be measured to the INPUT terminal.

NOTE: Apply *he input signal only confirming that it is within

iy .

the rated value of 10 mV ~ 2 Vrms.
A
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3.6

Adjust LEVEL (8) in accordance with the waveform. When the
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 10 a nearly middle position; however, there are
times when the operating point will be changed a little by
noise, waveform distoertion, etc.

Read the counted value., The decimal peint position is kHz or
MHz units. Measurement accuracy will be increased 10 times if
GATE TIME is set to 4 S.

When GATE TIML is set to 0.4 md, measurementi accuracy is low
but measuring speed fast. When STORAGE/NON~STORAGE switch 1is
set to NON-STCRAGE, make measurements by turning SAMPLE RATE
fully clockwise,

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

signal to the terminal.

Guaranteed Measurement Accuracy and Product Quality

Generally, there are two factors which limit the measirement

accuracy of frequency counters. One is the accuracy of the 1 MHz crystsal

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 1 count

error of counter systems.

reduced

Measuremeni error due to the crystal oscillator accurac& can be

to a small value; however, the z1 count error is caused by the

comparative phase relatiship 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 ithe measured signal and measurementi ac-
curacy is shown in Fig. 3.4 (for the ~TR-3788C).

Measurement accuracy in frequency measurement is expressed by the
following formulas

Measurement accuracy = % t internal time bass accuracy

S
f .0
vwhere: f = measured frequency

G = Gate time

" \
Y

 OPHEOOR
SRS
dﬂ
)2
v)
VY d /////
Y /%
//y
44 ﬂg
I~ 3”
1%
\
A7

x
////0
A
\
0 /\
.
U
7
G

AN
AN

7o 00 1K 70K 100K i r0M  100M Fopor

FPrequency being measured (Hz)

Fig. 3.4 Frequency measurement accuracy (typical characteristics)
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The accuracy of -TR~3788C frequency measurements gradually detericrates
in the neighborhocd of approximately 100 MHz. When the measured frequency
reaches a certain high frequency, the ii/f « G in the formula in section
1 can be almost completely disregarded; however, the accuracy of the in-
ternal time base has a considerable affect on the counted rYesults. There-
fore, since the ~TR-1788C has an accuracy of 3 x 10“9, accuracy cannoi
be greater than 3 x 1077 even at a 4 5 GATE TIMi.

High measurement accuracy can be obtained in high fregquency measurements
by using an internal time base (crystal oscillator) having high accuracy.
At TAKEDA RIKEN, the accuracy of the internal itime base of all digital
counter seriles is guarenteed by an atomic standard frequency using the
resonant freguency of cesium atoms.

Highly accurate frequency standards are emitied as general radio
waves as national standards.

The national standard in Japan 1s JJY whose accuracy 1s maintained
to within 3 x 10“9. Moreover, if astronomical time is demanded of the

=7 -8 .
standard, accuracy becomes 1 x 10 ' ~ 1 x 10 7 due tc multiple trans-
mission paths, doppler effect, and fading. The TAKEDA RIKEN cesium

a

X . . -1
atom frequency standard has a permanent stability of %1 x 10 and
' . : ] -10 . . ;
an absolute cesium time accuracy of z1 x 10 +» This standard is used
as a primary standard to guarantee the accuracy of the crystal oscil-

lator used as a secondary standard t¢ guzrantee the accuracy of the

internal time base of digital counters.

3-10
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4. THEORY OF OPERATION
4.1 Basic Thesory
Electronic counters generally have the basic construction shown

in Fig. 4.1.

Shaped Count Counted
output signal result
Inout O—_|Wave~-shap= Signal Counting Display
p ing cir- , gate section section
guit
Gate signal
Time base Gate con- fieset signal
section trol sec-
tion

Figr 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.

ANDANANNANNANNAANANN
VAR VAR ERVARV AN v anvan v van van van

Input signal

ERE AN

Shaped output

Gate signal

Signal gate NN NN
output

¥ig. 4.2 Time chart
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The 500 MHz input frequency is reduced to 125 MHz by dividing it by
4 and the 125 MHz then employed in the decimal counting circuit.

The counted results are nét displayed as 1.4, even though the input
frequency is divided by 4. Direct readout of the frequency is obtained

by multiplying the counting time by 4.

Shaped Gount
output—— .,
Vave- /4 L¢gnalc_ ) Decimal Display
Tnput O shaping 21gna counting section
circulti gate section
Gate signal
Time base Gate con-| Reset gignal
section 1/4 trol sec-
tion

Fig. 4.3 Basic construction of the ~TR--31788¢
At this time, the clock signals are 25 Hz, 2.5 Hz, and 0.25 Hz in
respect to 100 Hz, 10 Hz, and 1 Hz.

The operation cyele is; the gate

O

penis once, the count is made, the
counted value is fed to the display sectlion, and all circuits except the

display section then reset and returned to the next measurement siate.

>

The repetition speed of this operation is varied by adjusting SAMPLL RATE
oﬁ the panel. Both automatic and manual sampling are possible.
4.2 Freguency Measurement
The aczurate 1 VHz signal from the crystal éscillator 15 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 8 (0.25 Hz) clock signals produced in this manner are selected by means

GATw TIME on the front panel, fed to the counting control circuit as the

gate Time, and used to conirol the opening/olosing 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 1s then fed
to the counting circuit (SCALER) only during the count time selected at
CATE TIME. The counted result is displayed simultaneously with counting.

¥hen the gate is closed, the gate signal is fed to 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 auntomatic sampling
operation at the same time the gate opening signal is produced, all circuiis
are reset and the next count performed. During memory display {set to STORAGE),
the previocusly counted value is continuwously displayed during the next
count operation. The resulis of the next counting operation are then dis-
played after the gate closes and the count completed. In this process, only
those digits of the following counted resulis which differ from the display

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

steady.
Signal gate
O—= gg;gzng* 1/4 Counting Display
INPUT | |eircuit “> cirvevit section
Gate Signal Reset and memory signals
control ratg SAMPLE RATE
circuit circuit
[ Latching
| —¢ N T e
Crystal ‘
osciilatoj""’l/zL-" —1/10 —+1/10 1AoH=/10 |1-1/131.{1/10
L J
Lms S
4Oms O
O.hs;0 [GATE TIME

Fig. 4.4 Block diagram of frequency measurement
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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 alsoAgenérated 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 lovwer than the trigger
level (input sensitivity). Frequency measurement accuracy can be obtained

with the following formula when the gate time is added.

1
full count

Frequency measurement accuracy = z internal time base
accuracy

However, the full count 1s [Measured frequency x gate time .

The 11 count erreor inherent in digital systems canncot be aveided, and is

caused by the increase or decrease of the full count by 1 count due 4o the

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

and the gate waveform as shown in Fig. 4.5.

Gate waveform

& counts

Input signal R

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 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 internafrtime 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 maintain it at a high accuracy. Therefore, timely

calibration is necessary.

44



4.4

Self-Check

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

fed to the divider 1o 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, A%

this time,
measured,

bacause the time or freguency of the gate time and counted signal are

known,

if

the

the clock sigmal is applied instead of the signal to-be-~

counted resulis can be aniicipated if the gate time is set

!

Wave-
‘ Countin Display
sl}aplng CirCU.it% circuit
circuit
Gate signal gg;ggyaﬁggﬁal%
Gate- - . y ~ -
5 ( SAMP L TE
control Sample ; |SAMPLi RATE |
circuit circuil
1 MHz [ Latching |
Crystal i: i
osoina:'-.l/zl 1/10 b~ 1/10+ 1/10 =] 1/10H-11/1014-1/10
tor|

O

Fig. 4.6 Block diagram of self-check

>
GATE TIME
_O'ﬁ




4.5 Active Elements and Their Construction
The basic circuit construction of the countér will be described
by describing the active elements. This will make it sasier to fully
understand its theory of operation and circuit construction.

This counter employs all semiconductor components as zctive
N [

elements. Various semiconductor diode and transistors, as well as integrated

circuits, are employed in the counter.
(4)

Diocdes

Semiconductor diodes are employed in the counter for power

supply recrification and constiant voltage applications, as well as in various
¥

gate circuits, trigger circuitis, clamping circuits, and wave-vhaping cir-
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 c.rcuits.

Fig., 4.7 is a typical gate circuit.

<

ov
-+

+ - -+ No
input ) output

i»OV

) ov +15V
(b)

(a) Nonconducting Gonducting

tput

Fig. 4.7 Typical ‘gate circuit
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When pointr G in Fig. 4.7 (a) is 0 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 L D1
) - OJL O ——t—p——0 3
PN, LA Lo
2 JL O °© 1o T !
n L —// ' l n Dn |
k- %J'L Ot
(a) |

J
INPUT I
l
|

OUTPUT

Fig. 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 Fig. 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 shgﬁn in {b). Terminals 1; 2, «ee 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 ese 0, the dc source circuit is R -» D1; D2, ... Dn -» internal impedance
of the pulse source; a2 positive bias is applied to the dicdes and forward
current flows.

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

When a "1" (+ voltage) is applied to INPUT, the diodes will cocnduct even if
the "1" voltage is lower than +k; 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" voliage is greater than +&, the output will be +E regardless of
fhe input voliage since the diodes are then cutoff.

Since output only appears 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 1 D1 OUTPUT
1 —ﬂ'—o—____a 38 r- O_TLO P -O
2 -—ﬂ-O —0 :__ 1. , 12‘2 1
S — b -
i ' Dn: | B
a 1
=) - oI o
_J’_ (b) jR
e 1 -
1.F_J—h__7_4_i_—__1r__ __ 0
I |
INPUT | ! _*_____l
) 2 ] : | ___0
: . [ :_____l
o
] ] 1
i ] I Lo l
ovepur | L 0

(e)

Fig. 4.9 Diode OR circuit
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A diode OR circuit is shown in Fig. 4.9. The circuit in Fige 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, «.. n in Fig. 4.9 (b) are grounded through the pulse source,
When terminals 1, 2, ... n are all "O", the diodes ars reversed biased
and, since all the dicdes are cutoff, an output 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 cutput terminal from one of the input terminale, the
other terminals are not affected since all the terminals are independent.
Fig. 4.10 is a comparison of a limiter type differentiator circuit employ-

ing a diode and conventional RC differentiator circuit.

¢
Input o— }F AI ©o Output Inputo—mo-J|— O Output
| T i ‘Kr‘ J IR —
o— T o 0
(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
¢ircuit as shown in (a), positive and negative differentiated waveforms
appeare. 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

is 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 Fige 4. 11,

Varying input voltage
o T —0

Constant output voltiage

O— O

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

The voltages 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
1f a silicon dicdes is used.

(B) Transistors

This counter empl@ys various types of transistors in the wave-
shaping circuit and as Schmitt circuits, flip-flop circuiﬁs, 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.



Load

(a) Grounded emitter

ép Load Load
L
(b) Grounded collector {c) Grounded base

Fig. 4.1 Peaturss of bLasic transistor configurations

Configuration

Input impedance

Ouiput impedance

Voltage gain

Grounded emitter Medium Medium High
Grounded collector High Low None
Grounded base Low High Medium

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

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

This counter employs the grounded emitter in the maijority of circuitsy oni
g ot H uy

a very small poriicn employs the grounded collector.

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

is high and 1t 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, iransistors having

characteristics are employed.,

superb high frequency




2) Wave-shaping circuit
When counting, it is necessary to shape the input signal and other
signals into a waveform having short raise and fall times in order to amplify,
transfer, count, and divide them.
The wave-shaping circuit widely employed to accomplish this is the
emitier coupled bhinary circuit. This circuit is called a Schmitt circuit

after the inventor.

3 +15V
Rl
Vel . i
c
Rl i Ve2 Cutoat
‘ Vbl @l c1 Vb2 TLT
Input Input o— ]
el »?
R . 2 R2 l
_¥[:>¥:7L Z R5 =2=Rb
: [T

Fige 4.13 Typical Schmiit circuit

An example of this circuit is shown in Fig. 4.13. If R! and R2 are selected
so that Q1 base voltage Vb1 is lower than the voltage drop across R5 (Q1
emitter voltage Vel), bias voliage Vbl will be applied.
This cuts off Q1. If R4 and R6 are large, Q1 collector voliage 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 Vo2 will be almost
proportional to the values of R5 and RT.

This stable state will continue (Q1 OFF and Q2 ON) until an input signal
is applied. The input signal applied is shewn 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, Vel drops, Vb2 rises,

and Vel drops. The base to emitter voltage of Q' becomes large, Vel steadily
4-12
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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 =s shown by (b) in the figure.

Vb1 drops, the current flowing through Q1 decreases, and Yol starts to drop.
When 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 steadily rises,
and Bb1 becomes high.

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

The above was a description of the theory of c¢peration of the Schmitt
circuit. Since a fixed output having a rise {ime, fall time, and ampli-
tude, in respect to variocus input signals can be obtained, it is used as

a wave=shaping circuit.

(ne characteristic of a Schmitt circuit is that input veltage E+ {when

Q1 is ON and Q2 is OFF) and input voltage E {(when Q1 is OFF and Q2 ON)

do not coincide. L7 is higher than E“; b+ - E = Eh, called the hysteresis
voltage, hecomes the input sensitivity of the Schmitt circuit. The cause

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

than E'.

The above is 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.)

kit



Input veltage

Input voliage Ncige Basic signal

|
]
| T
__J t__ tput

voliage
—= Time V Time
Output voltage
Figes 44,14 Schmitt circuit Fige 4.35 Lrronecus operation
cutput voltage due to noise

3) One-shot multivibrator
When counting, the accurate internal time base must be divided
to & low frequency in order to be used as a TIML UNIT and TIMiu GATE.
Phantastron circuits, one-zhot multivibrator circuits, and flip-fiop

<

circuits are typical system widely amployed t¢ accomplish this.
A description of the one-shot multivibrator will be given here. Unlike ihe
Schmitt circuit described previocusly and the flip-flop cirguit to be des-

erabed later which have two stable states, this circuit has only cne stable

tate.

w

The major point of difference beiween this circuit and Schmitt and flip-flop
circuits is that ithe output waveform can be changed toc 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.

&r

+&

Trigger input rr
|

vez /ﬁ—\—j
I mime/g;;;:;;t

4
r—iw—>{ determined by
| C1 and R2

- — — 4K
~N

Vez

Fig. 4.16 One-shot multivibrator
A 4n



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 is the state prior to t1. If a negative trigger pulse is applied
at t1, the base of Q2 is triggered through D1.
This makes voltage Vb2 drop, Ve2 rise, and Vb1 rise. Vel drops due to the
rise in Vb1, and Vb2 rises through C1.
The t1 state in (b) is the result of this regenerative action. The stable
state continues through this periocd; however, since Vb2 i1s the voltage
charged across C1, (1 discharges through this period; however, since Vb2
is the voltage charged across (1, C1 discharges through K2 (time constant
of C1 and R2), as time approaches t2 from 11, Q2 shifts from the OFF state
to the ON state at exactly 12, Vb1 drops through R} and €2, and Ve! rises;
The circuit is shifted to the Q1 OFF, Q2 ON stable state 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 €1 . R2.
The above has been an explanation of the thecry of operation of the one-shot
multivibrator. Since any desired pulse widih can be cbtained hy changing the
time constant of C1 and R2, this circuit is employed for time division, in
addition to circuit delay and voltage conirol.

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

circuit in that it is a binary circuit having two stzble states,



o +E Trigger

' R3 JR2 1 £2
Rl % D1 D2 [ Trigger - ,
WB o r’ r' r>
l ' |
| . ]
[ — ' Mier————————
Vel
Ve2
’ i
! ! ! |
IcR
Ve2

(b)

(a)

Fig. 4.17 Flip-flop circuit

As shown in the figure, since one ouiput signal is obtained in respect
to two input sigrnals, the flip~flop circuit 1s employed as freguency
divider.
The circuit in the figure is a binary divider; however, division to the
required order can be obtained by cecnnecting several of them in cascade and
applying suitable feedback. Refer to 4.6 for information cencerning 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 he predicted. Assume that Q2 is ON. If
this is the case, Vc2 becomes O V, hias from -~k 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 VcZ 1s 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 voltage drops through D1 and C1.

Hence, Ic2 decreases — Vc2 rises -~ Vbl rises — Icl startis to {low - Vel
rises and Q1, Q2 ON OFF are switched by the regenerative action of the drop
in Vbh2.

This is the second stable siate.

If a trigger pulse is applied at 12, the pulse enters at D2 and Q1 and Q2

return to the state they wers in prior to time ti.

4.6 Decimal Counting Cirecwil Opseration
There are various types of pulse counting circuits; hovWever, a
binary circuit is generally emplcyed because of its counting speed and

other factors.

0—7\ -W\- ‘J—7\_ ﬁ\_ output (2)
——0

(1) 1n put

:
:

|
B

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 Cperation of hach Block
This counter employs a module system and, since it is divided

into blocks having various functions, a description of each block will now

1) Time base section (3D45, 3D12)
The time base section is the heart of the counter. The time base

3

gection of this counter is 3045 and 3D12.

nscillator circuit, a wave-shaping circuit for its output or for an ex-
ternal time base signal, and dividing circults down to Q.25 Hz.

Its form when 4 flip-flops are connected in cascade is shown in Fig. 4.18.
If this construction is employed since one ouipui pulse is obtained in

respect to two input pulses, in the so-called base 6 circult,; 1 cutput pul

will be abitained for every 16 inpui pulses. As shown in Fig. 4.19, flip-flops

J - K are used to obtain a decimal divider. That is, the transistoxr in the

ON state shifts to the OFF state and the iransistor in the LFF states inver
to the ON state. The action following the second stage 1s shown in the time
chart at the bottom of Fig., 4.19. This forms a decimal divider having 1 out

put pulse for every 10 input pulses.

In the dividing circuit (5D45, 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 base 4 divider circuit.

ts

-



RESET

INPUT o

Fig. 4.19 Decimal divider formed from flip-flops J and X
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2) Gate control circuit (3B20, 3B12)

The gate control circuit (3B40, 3B12) contrels the opening and
? s g

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, generates 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 opene.

Pige 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.

Cate open/close
indicator (GATE IND)

NI

i

Gate binary

o

Standard
signal
from 3D12

3B40
Memory pulse
] ) . Memory
generating cir-
.. pulse
cuit 5
¥
Sampling Une-shot
Wave~ . X
control . circuit
) : shaping |
circult . .
| -¢circult
, O (ne-shot
[ ulse
SAMPLE RATE Reset P
R & R ihes, [0 Reser
Latching . pulse
binary ‘ :
F F
: -0 Gating
Signal

4~20

Fig. 4.20 3B40, 3B12 block diagram




Standard signal l l + 3,6V

One-shot pulse ——— — + 3.6V

. ov

A

Reset pulse I I —: oV

Latching binary

Q8 collector —- + 3.6V
- N ) [ : T = OV
3B40 gate binary / Z;, 6
Q8 collector - v 300
N 01

—~ 15V
3B12 Q3 colleétor L ' ov

e e M-
Memory pulse BV

3B12 Q7 base N T gvav

Fig. 4.21 23840, 3B12 timing chart

3) 15 Mz counting circenit (AGE®)

This circuit divides a wide range of fraeguencies (0.25 Hz - 15 MHz)

by 10:z1. Thie cireuit is called a counting circuit not because it divides

in the manner of a dividaing circuit bui because it displays the counted

T is the same as the dividing circult described previously; however, sas

boy
ot
O
()

-

shown in Fig. 4.22, there is no feedback but i1t is changed into a decimal
counting clrcuit by means of the gate circuit. This is done to obtain high

ol &

resolution since there is a phase delay vwhen feadback is employed.

w
o
L
.
o
vy
3
%]
-
:

Fig. 4.22 shows the operating in various peinits in the circuit.
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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 403 1 dividing circuit, 2 MHz counting circuit (3C4Q), display circuit
(3010), and power supply circuit {3E14).
3040§is the 2 MHz counting circuit which contains the display circultl ana
memory circuit,
3C10 is the count display circuit and memory circuit for the counted re-
sult.
5) General
The above has been a description of the individual ecircuits em-
ployed in this counter. The various circuits are combined in the instru-
ment to satisfy all the specifications 1n section 2.

A general block diagram cf the counter appears in Fig. 4.23.
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