








2.1 S p e c i f i c a t i o n s  

Presr:a!.er, ciirec-t. r ead ing  d.ecrmal 
d i s p l a y  sj-stem 

i ------- A ~ n t e s n a l  t m e  base 
f *G 

zcswacy  ( f :  measured f-equency, 
G:  Gate t : rde )  

kl! 2 , NN z 
Lkcirnah pa i r i t  a u t o ~ n a t i c a i l y  se-t  hi::^ 
gate t ~ m e  svntched, 

Tune Base 

q U @ t l C  j1 

Frequency s t a b i l i t y  

I n t e r n a l  Lime base v u t p u t  

Ttrsquency 

Output bevel 

Lh1tpu.t impedance 

Connectors 

S i g n a l  stability 



E x t e r n a l  t ~ r n e  base xnput 

In f  xi:. t e  

7 NPTJT 

Thipuf i eve?. 

Ir ,put  mode 

Tnpue xmpedmce 

Nax. x p u t  voltage 2 Vra~ 

Pulse anpu t  Kesolutlon 2 nS, sensitlvnty ,SO m'dp 



checked at a count; (gate) time of 

0.4 S and 1 Pdz i n t e r n a l  t ~ m e  'case. 

S t o r r ~ g e  temperature rmge --20°C - +70°C 

Power s u p p l y  

Vol tage  220  VRC, &1C$, 50163 Hz 
C z m  he  modaf red f o r  109, 115 ,  230 V 
j o p t i o n a l  ) 

1 

2 

1 

3 

1 

2 each 







3 , 3  Pano? Uescr~ptdon ( ~ a f e r  to Flg. 3.1.) 

-Front Pane l -  

1 ) C.iArCh TND 

T h l s  nem9 tube ~ n d l s a t e s  the  opennng and closmg 

of t he  gate, The lamp l l g h t s  when She gate opens,  

2 )  5AMPLlt; R A T 3  

a) The time batween caut",t-ig operaticans can be varlet? 

frcrrn 80 m3 t o  mare  % h a  5 S by turnlng t h l s  control @lock- 

W L S % .  

b? Mrmual cauntang can be performed by depresslag t h e  HLSDT 

b ~ a t t ~ ~  ( 4 )  with t h i s  i7u. t t~n s e t  t o  WOLD. 

3 ) POWLR - OFF 

Centscls  t h e  power t o  ail circul t~ except the OVbN h r s t e s  

of the crystal oscillator. Fowsr 1 s  a p p l n e d  when t h r s  switch 

2s s e t  t o  the pC)'ri~:K sade aqc removed whcn 5,121 ',> the  L " F  n n i i t ,  

4 )  mSET 

The pr~rna-y csunt~ng c l rcu l  t 2 n d  x m s  base a r e  s e t  t a  the  

ze ro  s t a t e  J ~ K  sountlng nperatran mrnedlately performed at 

t he  next  C A D ;  sxma? when thns b u t t o n  a s  depressed. 

5) G A r k  T1114ki 

3wl lches  t h e  c n t m t l n g  t ~ n ~ e  when m;tkmg frequency measurements 

o r  p e r f a r m ~ n g  t h e  CHECK capesatnon. Mhen set  t o  CIfiCK,  the  

couantmg tlme 1 s  constant at 0,4 A, When rntikang frequency 

measurements, thas control 1s used to ~ e L e c t  the  desxred gate 

tame (4  mS, 40 mS, 0,4 S, or 4 S can be selected). 

6 ) PROBE POWER 

Power supply cannectlon when uax-xg a la~gh ~ra;?ut 

ampedanee probe, The anput impedance o f  INPUT 1s 1 MQ, 

3 'I 



7) INPUT 

Input terminal f o r  frequency measurement, 

8) LfiVE;L 

V a r x m  t h e  m p u t  s i g n a l  t r igger  l e v e l ,  I ts v a l a t i o n  s a g e  

xs & I 5  rob', 

-Hea;r Panel-  

NQM-STORAG~~/STORAGL 

'%hen ?+hi6 swi tch  1s s e t  t o  STORAGE, t h e  count  d i s p l a y  i s  

accumulated and t h e  p r ev ious  comted r e s u l t s  csnt inusus. ly  

d i sp layed  up t o  t h e  end of  the  ~ e x t  cciunt~rzg npera-kiq:1. 

Only t hose  d i g i t s  o f  t h e  prev ious  d i s p l . ~  which d i f f e r  

from tile resul ts  of' t h e  f o l l o w i n g  coirnt change. 

When se t  t o  MW-STORACh, the  accumulating f u n c t i o n  i s  l o s t ,  

The d i sp l ayed  r e su l t s  are r e s e t  t o  "0" p r i o r  -to initlation 

of  t h e  n e x t  coun t i ng  ope ra t i on ,  and Lhe next  c o m t i n g  

agaration performed. 

When reading the  counted resul t s  and t h i s  s w i t c h  i s  s e t  

t o  STORAGE, SAIIIPLL RATk, is t u ' ned  f u l l y  coym t e r c l e c h i s e .  

When s e t  - t ~  NOH-.STORAGE, s e t  SM'I.26 RAl'j; tu a midd le  p o s i -  

t i o n  a d  then make t h e  reading, 

GROUND 

Ground t e rmina l  f o r  t h e  c o u n t e r  c a s e ,  when e x t e r n a l  n o i s e ,  

i nduc t i on ,  atc. are cons ide rab l e ,  connect  this t e rmina l  t o  

an e a r t h  ground u i t h  t he  c a b l e s  suppl ied .  

E-UQ STD ADJ 

T h i s  screw as used t o  a d j u s t  t h e  i n t e r n a l  t ime  base  ( c r y s t a l  

o s c i l l a t o r ) .  



12) EXT and INT 

When set t o  IWT, all t.he gate  Punctions are performed 

by the  c r y n t a l  oscillator housed mside  t h e  counter. 

A t  t h i s  time, a l MIz t lme Lase signal appears a t  

termmal ( 13). When s e t  t o  LXT, the  gate fuactlons a£  

t he  internal cr js ta l  oscillator 'are lost, The gate functions 

a r e  performed by a p p l y i n g  an e x t e r n a l  t i . m e  base sig~al 

( 1  MHz) t o  terminal ( 1 3 ) .  

1 a )  
14) FUSL 1 A 

Power fuse fsr tho counter. A 1 A fuse 1s reqljlrd. 

15) AC 220V 

AC power cclmector. Hated power I U  229 VAC : I Z$, >B/Gc~ :i&, 

The counter  can be mociified f o r  use w i t h  1 tX,  I : ? ,  o r  2 3 ,  



GATE /MD. SAMPLE RA TF GATE TIHE 

Fig. 3.1 P a n e l  description 



Conduct the self-check operatioxi  hy r e f e r s ~ n g  t o  t he  numbers In 

Fag. 3.2 =d those  below. 

( 1 )  S e t  PO'diJt - OFF t o  O W .  

NOTE: Gomect the  power cord  t o  t h e  AC connec tor  only a f t e r  confirming 

t h a t  t h e  POKER swltch IS set t o  OFF. 

Pay c a s e f u l  a t t e n t ~ o n  t o  power cord to  t h e  pswsr supply voltage;  

t h e  r a t e d  value 1s  220 VAC k-f@;/os 50/60 HZ. 

( 2 )  Se t  GATE TIMi t o  CHECK. 

( 3 )  Turn SAMPLE RATK f u l l y  caun te rc lockw~se .  

A t  t h l s  tame, s e t  STOHAGS/NON-STORAC~ at t h e  rear panel t~ STQHAGE, 

(4) Check t o  see a f  the displayed value 1s 001000.00 kHz o r  not. 

(5) Change STORACL/NON-STORAGE a t  t h e  r ea r  panel and check i f  the d l s -  

play value changes or not .  



3.5 t-equency Measurement 

Conduct f requency measuement  by ref r :s rm~ to the nurn5ers 111 

Pig. 3.2 and those  i l s t e d  below. 

1 )  S e t  POh'ii,h - 014T t o  POKEJt. 

NOTX 1 :  Connect the power cord  t o  the  AC connector o r ~ l y  ai'ter 

c ~ n f ~ r r n ~ n @ ;  t h a t  POWPA - OFF 1s  s e t  t.o ZFF* 

2: Pqy c a r a P ~ l  a t t e n t l s n  t o  t h e  power s u p p l y  v o l t n r ~ e .  

The r a t e d  value 1s 220 VAC &I@$, 50/60 Hz. 

2)  S e t  GAT& TI% t o  0.4 A. 

S e t  STORAGE/NON-STORAGX at the  rear p a n e l  t o  STORAGL. 

4) Apply the s i g n a l  t o  be measured t o  t h e  INPUT t e rmina l .  

NOTE: Apply t h e  input  signal o n l y  confirming t h a t  it is w l t h i n  

t he  ra ted  va lue  of  10 mV - 2 V r m s .  



5 )  Adjust U V L L  ( 8 )  ~n accordance wlth t h e  waveform. When t h e  

waveform 1 s  a pulse ,  a d j u s t  t he  l e v e l  t o  cosreapond t o  ~ t s  

polarity* 

When 1% 1s a dc sqpal ,  ape ra t lon  w i l l  be performed l f  the 

l e v e l  1s se t  t o  a nea r ly  mlddle p o s r t l a n ;  bcwever, t h e r e  a r e  

t lmes when the  o p e r a t m g  point w ~ l l  b e  chaged a little by 

nolse ,  waveferm dns t o r t l o n ,  e t c .  

6 )  Read t h e  counted value,  The declrnal p o l n t  ~ o s r t l o n  a s  kHz o r  

MHz u n l t s .  Measurement accuracy wrl?  be mcreased  10 times IS 

GATE TIKC, 1s s e t  t o  4 S. 

khen GATh TIN2 ns s e t  t o  0.4 nS, measurement accuracy 16 low 

Sat  rneasurmg speed fast , When STOHAGL/NON-STUBA(L swl  t c h  1 s  

s e t  La NON-STORAGL, make meas~arements by t u r n m g  SAMPI&, KATE 

f u l l y  clockwise, 

When makmg highly accura te  measurements, s e t  INT - EXT at the  

rear p a n e l  t o  EXT and apply a h lghiy  accu ra t e  1 MHz ex te rna l  c lock  

s l g n a l  t o  t h e  terrnmal ,  

3,6 Guaranteed Measurement Accuracy and Product Qua?.l t y  

General ly ,  there  are two f a c t o r s  whlch laml t  t h e  measwement 

accuracy of frequency counters .  Un\e a s  t h e  accuracy of tho  1 MHz c r y s t a l  

o s c r l l a t a r  used So produce the ~ n t e r n a l  time base  ( a n  t h e  case of t he  

- T R - - ~ ~ B c  t h i s  1s 23 x 10-~/day)  and the  o the r  t h e  inhe ren t  t l  count 

e r r o r  sf counter  systems. 

Measurement e r r o r  due t o  t h e  c r y s t a l  o s c i l l a t o r  accuracy can be  

seduced t o  a amall value;  however, t he  i1 count e r r o r  1s caused by the  
I 

compasatlve phase r e l a t l m s h ~ P b u t w e e n  t h e  measured s i g n a l  and t h e  g a t e  

t u n e  and 1s an e r r o r  inherent  i n  counter  systems. (Ftefer t o  4.3. ) 



The relationship between t h e  measured signal and measurement ac- 

curacy is shown i n  Fig, 3,4 ( f o r  t h e  -TH-3788C). 

Measurement accuracy In frequency measurement is expressed by the  

foll .owlng formula: 

I Measurement accuracy = + k internal time base accuracy 
f . G  

where: f = rnctasu~wd frequency 

Gate time 

Fig, 3.4 Frequency measurement accuracy. ( t y p i c a l  charactesj.st i c s  ) 



The accuracy of -TR-3788C frequency measurements g radua l ly  d e t e r i o r e t e s  

i n  t he  neaghbosh~od of approximately 100 MHz, When the  measured frequency 

reaches  a certain high frequency, the  k l / f  . C nn tho formula i n  s ec t ion  

4 can be almost completely disregarded; however, the accuracy o f  t h e  in- 

ternal tune base has  a cons iderable  a f f e c t  on t h e  counted r e s u l t s .  There- 

f o r e ,  s m c e  the -Tli--3788C has an accuracy of. j x l f 9 ,  accuracy cannot 

be g r e e t e r  than 3 r even a t  a 4 S GATh T I E *  

High moasusement accuracy c a) be ob t a m e d  rn  h tgh frequency measurements 

by uslrig an i n t e r n a l  tune base ( c r y s t a l  o s c l l l a t o r )  having high accuracy. 

A t  TAKEDA H I E X ,  t he  accuracy of the mte rna ' l  tlme base of a l l  d l g i t a l  

counter  s e r i e s  i s  guaranteed by an atomic s%ar.daz'd frequency us lng  t h e  

sessnim t frequency af cesium atoms. 

Hlghly accu ra t e  frequency c t a ~ d w d s  a r e  ern1 t t e d  as general. r a d i o  

waves as national s tandards ,  

The n a t l a n a l  s tandard an Japan a s  JJY whose accuracy xs rnarntamed 

t o  within 3 x lo-'. Moreover, i f  as t ror .om~cal  time i s  demanded of t he  

-8 
s t a n d x d ,  accuracy becomes 1 x - 1 r 10 due t o  multlpls trms- 

mlsslon pa ths ,  d ~ p p l e r  e f f e c t ,  and  fadang* The TAKLDA H T K h N  cesaurn 

-1 1 
atom frequency s tandard has  a permaxlent s t a b r l l t y  of & I  x ? O  a d  

-1 0 
an absolu te  cesium time accuracy of & 1  x 10 . %has s t a n d a d  1 s  used 

as a pslmary s t a n d a d  t o  guarantee the  accuracy of the c r y s t a l  o s c l l -  

l a t o r  used as a secondary s t m d e r d  t o  guarantee  the  accuracy of  t h e  

i n t e r n a l  tnme base sf d ~ g i t a l  counters .  



4. TmOm OF OPEaATION 

4.1 Basic  Theory 

Blec t ronic  counters  gene ra l ly  have t h e  b a s i c  c o n s t m e t i o n  shown 

i n  Fig, 4.1. 

Gate s i g n a l  

I Shaped Cswt  Counted 
output  s ~ g n a l  r e s u l  t 

g .  4.1 Eas lc  e l o c t r o n l c  counter  coas t ruc t .~on  

The input  s igna l  1s shaped i n t a  a s~gnal having a constant  waveform, 

Input  Wave- shap- Signal 

I 

passed through t h e  signal. g a t e  a t  a s e t  time (count  tame), counted by the  

counting sec t ion ,  a ~ d  t h e  counted r e s u l t  d ~ s g l a y e d .  This  r e l a t i o n s h i p  1s 

shown In Flg. 4.2. The 100 Hz, 10 Hz, and 1 Hz g a t e  sagnal  ( coun tmg  slg-  

n a l s )  a r e  obtanned by davldang the  accu ra t e  1 KHz from t h e  mt@rnal .  tnme base 

c r y s t a l  o scz lba to r  by 10:1, ICO:1, e t c .  a d  opens/closes the  s a p u l  g a t e  

F T 
_ Counting. 

s e c t i o n  

by c a n t r o l l m e  the  gate con t ro l  s e c t i o n  wi th  t h e s e  s igna l s .  

Display 
sectnon 

Time base 
s ec t ion  

Input  signal 1 

Cate eon- 
t r o l  sec- 
t i o n  

- 

I Shaped output  p 

Reset  s i g n a l  

I 

Gate s i g n a l  I 

Fig. 4.2 Time c h a r t  

4- 1 



The 500 M z  Input frequency as reduced %a 725 Kiz by d l v a d m g  ~t by 

4 and the 125 MHz then employed  la t h o  d e c ~ m n l  c o m t m g  c l r c u i - t ,  

The count*ed renulis arc n o t  drsplayed as l , q ,  even though t h e  mpu t  

frequency as d l v ~ d e d  by 4. Z l s e c t  readout  o f  t h e  frequency i s  o b t a l n e d  

by mult iplying the  c o u n t i n g  time by 4 ,  

Shaped Count 
output- 

Displrzy 
s e c t i o r .  

4-1 ,si&nal Decimal 
~ n p u a .  shaping - 

c i r c u i t  
A F. 

Gate signal 

c o u n t i n g  
section 

Signs1 
gate 

- 

Time base 
s e c t i o n  . 1/4 - " 

1 

Gatc con- 
t ro l .  SCG- 
t i o n  

Reset sigral 
J 



The s igna l  t o  be measured 1s app l i ed  t o  t h e  INPUT t e rmlna l  on t h e  other 

panel,  a m p l i f ~ e d ,  shaped, and f ed  t o  t h e  s l g n a l  ga t e ,  The s l g n a l  IS then f e d  

t o  t h e  collntmg cxrcua t  (SCAUR) only dur lng  t h e  caunt tame s e l e c t e d  at 

GATE TIHE. The counted r e s u l t  1s  dasplrzyed samultaneously wl th  countmg. 

When the  g a t e  is c losed ,  t he  g a t e  sagnak 1s f e d  t o  %he sample r a t e  

con t ro l  c i r cun t .  Thls  c l r c u i t  1s delayed by t h l s  signal f a r  the d e s l r e d  

perlod of t m e  s e l e c t e d  by means of SAPIPL3 HAW on t h e  panel.  A different 

d a t e  signal IS f e d  t o  the  g a t e  con t ro l  c ~ r c u l t  t o  open t he  gate, 

The above has  been a d e s c r f p t ~ o n  of t h ~ s  c o u n t e r ' s  au tona tac  s m p l l n g  

apera t lon  a t  the same tlme t h e  g a t e  openmg signal 1s produced, a l l  clrcults 

a r e  Pese t  and t h e  next  c o u t  performed. l h r m g  memory display ( s e t  t o  STORAGE), 

the  prevlous'y counted va lue  1s con t~nuwas ly  dnsplayed d w m g  the next  

count aperataon. The r e s u l t s  of t h e  next  c o w t m g  ~ p e r a t ~ s n  are  thsn d%s- 

played a f t e r  the  gate c l o s e s  a d  the count completed. In  th%s  process ,  only 

those d lg l t s  s f  %he foblawmg counted results whlch d h f f e r  from t h e  daspkagr 

of the  prevlous count changed. The d l ap lay  does not f l l c k e r  b u t  semalns 

steady. 

S igna l  gate 

c o n t r o l  r a t e  
c ~ r c u i t  c i r c u i t  

Latching 

Wave- 
shaplng 

C-ounti ng 
-" circuit 

G a t e  signal 

Fig. 4.4 Block diagram of frequency measurement 
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Reset  and 91rem~ry s i g n a l s  

, blsp lay I 
sect ion 1 



4.3 bkequency Measurement Accuracy 

Frequency measurement accuracy i s  determined by the  tl count 

e r r o r  inherent  i n  t he  d i g i t s 1  system and the  accuracy of the i n t e r n a l  

time base, 

6 s r o r  1s a l s o  generated when n o i s e  a s  included In t h e  signal; 

however, when making frequency measurements by counting t h e  input  s igna l  

pu lse  pulses ,  e r r o r  will no t  o c c ~ n  i f  t he  n o i s e  i s  lower than t h e  t r i g g e r  

l e v e l  ( i n p u t  s e n s i t i v i t y ) .  Frequency measurement accxracy can be obtained 

w l t h  t h e  following formula when t h e  g a t e  time i s  added.. 

I 
Frequency meaexemen t accuracy = f u l l  count 1 ~ n t e m a l  tima base 

accuracy 

However, the  f u l l  count io [ ~ e a s u r e d  frequeccy x gate time]. 

The n l  count o r r c r  inherent  nn d i g i t a l  systems cannot be avoided,  and i s  

caused by the  Increase  o r  decrease  of t h e  f u l l  co imt  by 1 c s ~ m t  due t o  t h e  

phase  r e l a t l o n s h ~ p  between t h e  s,agnal pu lse  (measured signal a f t e r  ; h a p u g )  

and the  gate waveform as shorn 1.7 Fig. 4.5. 

Gate waveform 
I 

1 1 1 1  I I 1 1 ' 1  I Input signal 
I 1 6 counts  

Input  signal u 5 counts  

h ien  condat lons are as shown i n  Frg. 4.5,  t he  c o u n t  should be 5.7 i f  mea- 

siared with  m analog system; however, due t o  t h e  inhe ren t  quantiza-ti.on i n  

t h e  d i g i t a l  system, t h o  0.7 component w i l l  be e i t h e r  d i scarded  o r  r a i s e d  

and t h e  count wa l l  become e i t h e r  j o r  6. 

The 1 MHz i n t e r n a l  t ime base signal i s  obtained by means of a c r y s t a l  
i 

o s c i l l a t o r .  A l l  of t h e  i n t e r n a l  time base t imes a r e  produced from t h i s  

s igna l .  For t h i s  reason,  s i n c e  t h e  1 MHz output  of t h e  c r y s t a l  o s c i l l a t o r  

i s  an important f a c t o r  c o n t s o l l i n g  t h e  measurement accxracy of t h e  counter ,  

i t  is  necessary t o  maintain i t  at a h'igh accuracy. Therefore,  i;irr.elg 

c a l i b r a t i o n  i s  necessary.  
4-4 



4,4 Self-Check 

The 1 MHz c r y s t a l  o s c i l l a t o r  output  i s  amplif ied,  shaped, and 

fed t o  t h e  d i v i d e r  t o  produce the  250 kHz, 25 kHz ... 2.5 Hz, and 0 ' 2  Hz 

clock s i g n a l s ,  

The 0.4 S (2,5 HZ) clock s igna l  produced in t h i s  manner becomes 

the  s igna l  which opens/closes t h e  gate. The s i g n a l  pu l se  of the  measured 

signal i s  fed  t o  the counting section only when t h i s  s igna l  i s  present .  A t  

t h i s  t ime, i f  t he  clock slg-nal i s  a p p l i e d  ins t ead  e f  the  signal. to-be- 

measured, t h e  counted r e s u l t s  can hc an t i c ipa ted  i f  t h e  g a t e  time i s  set 

because tha time o r  frequency of t h e  ga te  time and counted signal are  

known. 

1 c i r r  - 

Crystal 

Lo 
Fig. 4.6 Block diagram s f  self-check 



4.5 Actlve Elements and Thelr Construction 

The basac circuit construction of the counter wall be described 

by describing the active elements. This will make 1% easier to fully 

understand ~ t s  theory of opesatlan and c ~ r c u t  constructdon. 

Thls counter employs all semiconductor components as r ; c ? ~ v e  

elements, Var~ous semlconduct~r drode and trmslstors, as well as hntegra ted  

clrcuitst are employed In  the counter. 

(A) Diodes 

Semiconductor dlodes are employed In the counter far power 

supply recrlflcatlon and constant vo l t age  appllcat~ons, as well. as in varlous 

gate clrcults, trigger clrcua ts, clampmg clrcult a, a d  wave-diap~ng c ' ~  r- 

cults. T~pacal examples of thelr use  I r a  gats c~rcua ts, t s~gges  c;rcl;r~ts, 

and constant vol twe clrcults wlll b e  g v e n  h e r e ,  

Hsf'er to (9) for mf orrnatlon concernlag wave-shspln~ c ,r.cul ta. 

~ i g ,  4.7 is a tYPlcal gatx c~rcul-t, 

( a) Noncondusting ( b ) Conduct lng 

-p pp- 

Fig. 4.7 'I'ypacal g a t e  circuit 



When p o i n t  G i n  Fag. 4,7 ( a )  1s 0 V ( g r amd) ,  D l  i s  i n  t h e  conducting 

s t a t e  ( O N )  In r e spec t  t o  the i n p u t  voltage load and D2 i s  n o t  ~ o n d u c t l n g  

(OFF). In respect  t o  a pssat~vc u p u t  Dl is OFF' (noncanductlng) and no 

output  appears  a t  t h e  output  termanals.  When po ln t  G IS clamped at -45 V 

as shown In ( b ) ,  there  1s a range of va l t age  a t  x h ~ c h  91 and D2 are both 

OX (conducting) and t h e  i npu t  signal passes through. 

A g a t e  which opens and c l o s e s  IS formed by the c ~ r c u t  shorn m lq'1g. 4.1. 

Smce g a t e  c a r c u l t  c ~ n t r o l s  the m p l ~ t u d s  of t h e  i npu t  sngnal, i t  1s called 

a l i m i t e r  ( o r  c l i p p e r )  c i r c u i t .  

INPUT OUTPUT 

-- 

Pig, 4.8 Diode AND c i r c u i t  

A c i r c u i t  i n  which a t41t '  signal is  generated at the output  te rmina ls  

only when these  is a "1" ( +  vo l t age )  signal st 2 o r  n i npu t  te rmina ls ,  as 

shown i n  Fig. 4.8, i 8  c a l l e d  an ME c i r c u i t .  The symbol g e n e r a l l y  used t o  

denote sad AND c i r c u i t  i s  sham i n  (a). An example of an a c t u a l  diode AND 

g a t e  i s  sho,m i n  ( b ) .  Terminals 1 ,  2 ,  ... n in t he  figure are grounded 

through t h e  pu l se  source. 

Y'. , 



I f  a "0" ( ze ro  vo l t age )  sngnal i s  s imu l tmeous ly  applied t o  terminals 1, 

2 ,  ... n, t he  dc source c i s c u z t  1 s  R --+ D l ,  D2, ... Dn -+ I n t e r n a l  ampedance 

of the pulse source, n p o s l t l v e  bxas 16 applied t o  the  d iodes  w d  forward 

cu r ren t  flows. 

If H 1s l a r g e  compared t o  t h o  lmpedruace of t h e  pu l se  source and t h e  forward 

resistance o f  the diodes, OUTPUT as near ly  a t  pound p o t e n t i a l  and an output  

does n o t  appear. 

When a "1" (c v a l t a g e )  IS applied t o  INPUT, t he  d l ~ d e s  w l l b  conduct even xf 

the "1" vo l t age  1s lower than +IE; howeve=, smce t h e  an terns1  ~rnpedanca 

of t h e  pulse  source 1s low, the OIJTPUT w l l l  g e n e r a l l y  be almost t h e  same 

as the INPUT vol tage ,  

When the 'V5'! vol tage  1s g r e a t e r  t h a n  +L, t h e  .output w l l l  be t-b r ega rd i eas  of 

t h e  input  vo l tage  slnce t he  diodes twe then cutoffs 

Smce  output an ly  appears  when a l l  the  i n p u t s  a re  "lp', t h i s  c l r c u l t  i s  

c a l l e d  an AND gate .  

The waveforms o f  this c i r c u i t  m e  &om i n  Fig, 4,8 (c ) .  

INPUT OUTPUT Dl OUTPUT A- n 
h-n 
;n 

I 

4 

INPUT 

OUTPUT 

Fig. 4.9 Diode OR c i r c u i t  

4-8 



A diode OR c i r c u i t  i s  shown i n  Fig. 4.9. The c i r c u i t  i n  Fig. 4.9 i s  cs l -  

l e d  an OR c i r c u i t  b e c m s e  a "11'  output  i s  generated if a l1Iff s i g n a l  1s ag- 

p l i e d  t o  any one sf t h e  input  terminals ( 1 ,  2, o r  n ) .  

The symbol general l y  used far t h e  OR c i r c u i t  i s  shown i n  Fig. 4.9 (a). An 

example of an a c t u a l  OH i s  shown i n  (b), 

Terminals 1 , 2, . . . n i n  Fig, 4.9 ( b )  a r e  grounded through the pulse  source. 

When te rmina ls  1, 2 ,  ... n are  a l l  "Q", t h e  d lodes  are reversed bxased 

and, s ince  all the diodes &re c u t o f f ,  an o u t p u t  does n o t  appear  a t  OUTPUT. 

If a " 1 "  sqgal  l o  appl ied  t~ my one of t h e  teralnals, aa output  w i l l  

appear at OUTPUT durmg the tuns that %he slgnsb ss a p p l ~ e d  s i n c e  t h a t  

diode w i l l  be f ~ m a r d  b ia sed  dur ing  the  per iod  t h e  signal i s  applied, 

Since an output  w i l l .  appear at OI!TPMT i f  a l'lT1 s i g n a l  i s  app l i ed  t o  any 

af t h e  input  terrnlnals ,  t h i s  ~ B r c u b t  is called an OR cnrcui t .  Hhen a sig-  

nal appears  a t  the  output  terminal from owe of  t h e  i n p u t  te rmina ls ,  t he  

other terminals are n o t  a f f e c t e d  s l n c s  a l l  the  Serminals are independent, 

Fig, 4 e 1 0  1 s  a camparison of a l i m i t e r  type d i f f e r e n t i a t o r  c i r c u i t  employ- 

ing a dlsde  m d  csnvontional  HC d i f f e r e n t i n t o r  circui%, 

( ( a )  R C  d i f f e r e n t i a t a r  c l r c u i t  ( b )  Limi te r  type  d i f f ' e sen t i a to r  c i r c u i t  

Fig. 4.10 Limi te r  c i r c u i t  

When a square-wave i s  d i f f e r e n t i a t e d  with a convent ional  RC d - i f f e r e n t i a t o r  

c i r c u i t  as shown i n  ( a ) ,  p o s i t i v e  and nega t ive  d i f f e r e n t i a t e d  waveforms 

appear. This  is not  favorable  f o r  use  i n  counters .  When a diode is used 

as i n  ( b ) ,  it i s  a l i m i t e r  d i f f e r e n t i a t o r  c i r c u i t  and e i t h e r  t h e  p o s i t i v e  

o r  nega t ive  waveform, whichever i s  unnecessary,  is e l immated .  Wide u s e  

i s  made of  I l m l t e s  d i f f e r e n t i a t o r  c i r c u i t s  i n  t h i s  counter  t o  prevent  



erroneous counting and d. ivis ion i n  t h e  counting c i r c u i t s ,  divid.ing c i r -  

c u i t s ,  e tc .  

When a diode i s  used as a cons tan t  vo l t age  c i r c u i t ,  both i t s  forward vol tage  

drop and i t s  r e v e r s e  Zener vo l t age  (zenes diode) can be  ernploged, A cons tan t  

vo l tage  c i r c u i t  e rnpl~ying  a zenes diode i s  shown i n  Fig. 4. 31. 

Varying input  vo l t age  
O-------yL+ 

Constant ~ u t p u t  m a t a g e  

i, 
Fig. 4. dl Constant vo l tage  c i r c u i t  emplaying a zener diode 

The vol tagos  o f  t h e  v a r ~ o u s  power s u p p l ~ e d  In  t h l s  counter  a r e  made 

cons tan t  by a combination of  zener d lodes  and t r a n s i s t o r s .  

A c i r c u l t  ernploymg t h e  forward d l r ec t zon  ~f a drode 1s emp27yed t o  

make low vo l t ages  cons tan t  smcs vo l t ages  o f  0,5 - 0.8 V can be obtained 

xf a s i l l c o n  d lodes  IS used. 

(B) Transistors 

Thas co~unter  employs varaous types of t r i m s r s t o r s  Ln t h e  wave- 

shapmg c ~ r c i l a t  and as Schmltt c l r c u l t s ,  f ' l lp-f lop e a r c u i t s ,  arid a m p l i f n e r  

c l r c u l t s  cwrrespond~ng t o  the  purpose o f  t he  clrcults 

There asre t h r e e  b a s ~ c ,  t r a n s i 6 t o r  conf lguratlon!;, grourided e m l t t e r ,  

grounded c o l l e c t o r ,  and grounded base as shown an Frg, 4.12, 

The f e a t u r e s  o f  t hese  b a s l c  c o n f l p r a t r o n s  am l i s t e d  In Table 4.1. 



(a) Grounded emitter ( h )  Gro-mded c o l P e c t o s  ( c )  C r o m d e d  base 

- 

Csnf agarat ion input  i ~ n p e d ~ m c e  Oatput, ~mpednnce  Vol 

The above i s  f ~ r  NFN type  t r s n s i s t o r s ;  however, eve ry thmg  1s  t h e  same f o r  

PNP type  tranalstors except t h a t  current flow 1 s  I n  the r eve r se  d i r e c t ~ o n .  

T h l s  c o u n t e r  crnploys the p o u n d e d  ernztter Jn t h e  m a j n r l t y  o f  c l r c u l t s ;  o n l j  

a very srna:i p o r t ~ o n  employs the g a u n d s d  cal?ector. 

The gssunded collect~r has n o  vol tage  gain; however, smce a t s  rnput ~rnpedrmce 

i s  high and ~t o u t p u t  ~mpedance  low ~t a s  used as an ~mpedance c o n v e r t e r .  

This type sf c l r c u l t  IS c a l l e d  an smat te r  f o l l o w e r .  

1 )  Arnpb~fies 

C a r c u l t  b ~ a r d  MA92 a s  a 10 Hz - 500 MHz wldebaxd, f i x e d  & a m  

amplifies, For t h i s  r e a s o n ,  t r a n s i s t o r s  havmg superb hngh frequency 

c h a r a c t e r i s t ~ c s  a r e  employed. 



2 )  Wave-shaping c i r c u i t  

m e n  counting,  i t  i s  necessary  t~ shape t h e  input  signal and a t h e r  

s i g n a l s  i n t o  a waveform having shor t  ra ise  and fall t imes i n  order t o  amplify,  

t r a n s f e r ,  c o u n t ,  and .  d i v i d e  them. 

The wave-sh.api,ng c i r c u i t  widely employed t o  accomplish t h i s  i s  t h e  

e m i t t e r  coupled b inary  c i r c u i t p  This  c i r c u i t  4s ealLed a Schmitt  c i r c u i t  

a f t e r  t h e  inventor. 

An s x m p l e  of Xhls clrcua t 1.s :;hoVm IL Fig. 4 e  1 3 *  if K 1  m d  Li.2 are s e l e c t e d  

s o  t h a t  Q1 base vol tage  V b l  IS I o w r  than the vol t : ~ e  drop across I!? (Qi 

e m i t t e r  v o l t q e  V e ; ) ,  bias vo l t age  Vbl will be applied. 

This  c u t s  o f f  Q1, J.f R4 and R6 are large, Q1 c o l l e c t o r  vo l tage  Vcl w i l l  be 

almost equal t o  t he  + I 5  'J supply vol tage .  

If R4 and i36 a r e  s e l e c t e d  so  t h a t  Q2 base vo l t age  Vb2 i s  s l i g h t l y  h igher  than  

Vel, Q2 conducts ( O N )  and t h e  output  vo l tage  at Q2 c o l l e c t o r  Vc2 w i l l  be almost 

propor t iona l  t o  t he  values of R S  and R7.  

Th i s  s t a b l e  s t a t e  w i l l  cont inue (QI OFF and Q2 ON) u n t i l  an input  s igna l  

i s  applied. The input  s i g n a l  app l i ed  i s  shown i n  t h e  f igu re .  When t h e  input  

s i g n a l  is l a r g e  ( a s  shown by ( a )  i n  t h e  f i g u r e ) ,  Bbl exceeds Vel and Q1 eon- 

duc t s  (OM s l a t e ) .  In  t h i s  s t a t e ,  Q1 cu r ren t  start8 t~ flow, Vcl drops,  Vb? rises, 

and Vel drops. The base t o  e m i t t e r  vo l tage  of &I becomes l a r g e ,  Vc1 s t e a d i l y  

9-7 2 



drops ,  a n d  Vb2 drops. The loop gain becomes g r e a t e r  than 7 by t h a s  a c t l o n ,  

and p e s l t l v e  feedback 1s present  until Q2 suddenly tumms OFF' (Q1 and Q2 OF&'). 

Next, t he  lrbput vo l tage  s t a r t s  t o  drop as shown by ( b )  an t he  frgure, 

Vb? drops,  t h e  cu r r en t  flswnng through Q1 decreasss, a n d  Vcl s t a r t s  t o  drop, 

When Vkl rnsce, a t  eventua l ly  t u r n s  Q2 ON, 

When Q2 1s on, cu r r en t  s t ~ p t s  t o  flow through I%, ?To? becomes hlgh,  a n d ,  

as a r e s u l t ,  the  base-lo-emltter vo l tage  of &I d rops ,  Vc? s teadnly  rises, 

m d  Bbl bocornea hlgh. 

In t ha s  way, gos l t ave  feedback a s  apylled, Q4 suddenly t u r n s  OFF, and the 

o n g a n a l  s t a b l e  s t a t e  1s reached ( Q I  OFF and Q2  ON)^ 

The above waa a dcscrlption o f  the  theory  of opesat~on of t h e  Schrnltt 

C I ~ G U I ~ ~  Smce  a flxed o:rtput hzvlng a rase t m e ,  f a l l  t m e ,  =d ampll- 

tuda, In  r e spec t  to v w s o u s  nnpu t  srgnaks can be o b t a m s d ,  ~t a z  u r e d  as 

a wave-shapmg c ~ r c u l t .  

Cha chaacteras-%' , tc  o f  a Schmltt  cncum t rs tha t  rnput  vnl t e e  b+ (when 

Q1 1s ON and Q2 1s OW) md m p u t  vol tage  K- (when $1 1s Om uxd Q2 ON) 

-t -. 4 
do no-& calncade. h is h ~ g h e r  than L j E - L- = Lh,  ca l l ed  t h e  hjrs teres1s 

vc l t age ,  bccornes t h e  ~nput s e n s l t a v x t )  a f  the  Schm~tt s l r c u a t .  The cause 

4 

of hptereszs 1s that after Q1 turns ON and Q2 t u r n s  O W ,  b exceeds t h e  

anput  vo l tage  rand Q2 d o e s  n o t  turn on s lnce  vol tage  Vb2 becomes extremely 

low despate  "the fact, t h a t  Vel 1s the  s m e  as t h e  s r l g a n a l  voltage even when 

f 
E drops below the  m p u t  voltage.  I t  1s necessary t o  make V%2 l a r g e  by 

drappang the  anput voltage In orde r  t o  t u r n  $2 ON iwxd E- becomes lower 

than E'. 

The above a s  ahom i n  dsagrarn form I n  Flg. 4.14. Smce erroneous operatnon 

x a l l  QCCW nf nonse i n  t h e  s lgnab i s  g r e a t e r  than  Eh, c a r e f u l  a t t ; j n t ~ o n  i s  

required.  ( ~ e f e r  t o  Fag. 4.15. ) 



Input  vo l tage  

Output v o l - t a ~ s  ---- Time 

Pig. 4.14 Schmitt  c l r c u l t  
output  vo l tage  

3) One-shot mul t a v i b r a t s r  

Input vo l tage  
Nolsa Basic signal 

I 

Output w 
- Time 

When countxng, the accura te  m te rna l  tune base  s st b e  d i v l a ~ d  

t o  a low frequency In  order  t o  be used as a T M L  UNlT and TIMh ,:EL. 

Phan-trtstron c l r c u l t s ,  ane-?hot mult~v~bratos clrcuats, and f l l p - f l o p  

c i r c u x t s  are Lyplcal system wldeHy employed to accompl~sh  t h l s .  

~ 7 A descrlptlo:: of the  one-shot m u l t l v l b r a t o r  w113 be give:: h e r o .  , i , , ;Ke t r ~ c :  

Schmitt clrcult described prev~ously and t h e  flip-Slop c a r c u i t  t o  bo des- 

crlbed l a t e r  nhlch have two stable s ta tes ,  thzs c ; r cu l t  h a s  on ly  o : : ~  s t a b l e  

s t a t e .  

The major p o m t  ~f d ~ f f e r e n c e  between thas clrcuat an& b c h r n ~ t t  and f l l p - f l o p  

c ~ r c u r t s  1s t h a t  t h e  output  waveform cm be chiinged t o  have any desarable  

pulse  m p l l t u d e  even when t h o  amplitude o f  the trigger pulse as small. 

A t y p i c a l  ane-shot mul t lvxbra tor  is shorn In E'xg. 4.16. 

I . . t.E r I 
D 7 

I 
I 

C I c 2  Vcz 
Vc r 

Trigger Input 

w determined by 
C 1  ar:/d H2 

Pig. 4.16 One-shot mu l t ivab ra to r  
A - l A  



When ch i s  applned i n  Fig, 4.16, &I i s  c u t o f f  (nonconducting) and Q2 

cocducts ( O N  s t a t e ) ,  That xs ,  cu r ren t  f l o w s  through Q2 a d  R Z  t u r n s  ON, 

and, a s  a r e s u l t ,  Q1 base vol tage  (Vbl ) drops and &I tu rns  OFF. 

Thls  a s  the  s t a t e  prnor t o  t l .  If a negat rve  trigger pulse  xs applied 

a t  t l ,  the b a s e  of Q2 1 s  t n g g a r e d  through D l .  

Thls  makes vol tage  Vb? drop, Vc2 rzse ,  a d  V b l  s l s e ,  Yo9 d r o p s  due  t'n t h e  

r l s e  In V b l ,  azd Vb2 rises through C1,  

!The t ?  s t a t e  12 (b)  1s the r e s u l t  o f  this regeneratave act~on. The s t a b l e  

s t a t e  contmues  through t h l s  p e r ~ o d ;  however, s m c e  Vb2 1s t h e  vol tago 

charged ac ros s  C ? ,  C 1  dascnrwges thso iqh  Xhxs period; however, smcs Vb2 

1s  t h e  val tage charged ac ros s  C1,  C 1  discharges th rough  H 3  ( t l m  cons tan t  

of C 1  m d  ~ 2 ) ,  as t u n e  approaches tr3 from t l  , QZ sh ,fits frm t h e  OFF' s t a t e  

t o  the  ON s t a t e  at  exac t ly  t 2 ,  Vbl drope through R3 and C2, and Vc! s l s e s ,  

The circuit i s  shaf ted  t a  t he  &I OFF, Q2 ON s t a b l e  s t a t e  durmg this 

~ n s t m t  at t 2  by means of t hns  regenerative aet~cdn,  The p u l s e  wldth r W 

at t h l s  tsme a s  e s s e n t a a l l y  determaned by the  tune z o n s t a ~ t  o f  CI a d  H 2  

a d  can be oxpressed as V ' W  = 0,7 C 1  . 32. 

The araove has  been a t 1  explana t lun  of t h e  theory  of e p e r a t ~ o n  of tne me-shot  

rnultrvkbratas.  S;nce any dosrred pulse width can be obta ined  by changing t h e  

tlrno cons tan t  of C 1  m d  H 3 ,  this c l r e u a t  ns empl~yed  f a r  trme d ~ v r e n o n ,  An 

addl taan t o  circuit d.olay and vol tage  con t ro l .  

3 )  The f l b p - f l o p  C I T G U ~ ~  1s t he  same a s  t he  psevbously d e s c r ~ b e d  Scl-irn~tt 

c i r c u a t  i n  that, ~t 1s a banmy  c l r c u l t  havmg two s t z b l e  s t a t e s ,  



R1 

v cl 

1 
Icl 

Trigger 

tl t2 

Fig. 4.17 E' l lp-flop C ~ ~ C U L ~  

As nhown I n  t h e  figure, smce  one o u t p u t  sqpa l  a s  obtarned an respect  

to  two m p u t  sagnals, t h e  fllp-flop c l r c u l t  i s  anplayed as f-,.r%pency 

davldor. 

The clrcult i n  t h e  f l g a r e  1s a binary dlvadcr ;  hawever, d ~ v l s s o n  t a  t h e  

r e q u l r e d  order  can h e  obtained by connectmg several a f  them In caacede a i d  

app ly lng  s u l t a b l e  feedback. Refer  t o  4,6 f o r  mfa-mat2 on c s n c e r n l n g  t h e  

d a c m a l  d l v l d e s  (counting) clrcult,, Sl~ace the  c o n s t r ~ c t x o n  ~ r .  t he  f lgure  a s  

completely syrr~rnetr~cnl, which trmsaslsr (Q? o r  ~ 2 )  e n t e r s  t h e  ON s t a t e  

wh.en the  swi tch  i s  turned or. cannot be: predic-bed, ds~urne t h a t  Q2 i s  OW, If 

t h i s  i s  the ca se ,  Vc2 'beoomes 0 V ,  b i a s  from -li i s  applied ,to Q1, and Q1 turras 

OFF. 

T h i ~  is t he  s t a b l e  s t a t e  p r i o r  to t l  in (a) of t h e  f igu re .  I f  a nega t ive  

t r i g g e r  i s  a p p l i e d  a t  t h i s  time ( t l  ), t h e  pulse cannot pass through D 2  

since D2 i s  r e v e r s e  b i a sed  and Vc2 i s  almost zero s i n c e  Q2 i s  ON. 



Since Q,l i s  an t h e  OFF s t a t e ,  t he  t r lgger  pu l se  passes through Dl, and the  

Q2 bras voltage a m p s  through D? a d  C i ,  

Eence, Ic2 decreases =-* Vc2 rases * Vbl r a c e s  -, Ic l  s tarts  t a  flow -+ Vc1 

r i s e s  and Q1, Q2 ON OFF a r e  swatched by t h e  r egens r a t~vo  a c t ~ o n  o f  the  d r o p  

an Vb2, 

This 1s  the second s t a b l e  s ta te .  

If a trlgges pulse IS a p p i ~ e d  at t?, t h e  pu l se  e n t e r s  a t  32  md &I  and &2 

r e t u r n  to  t h e  state they  were xrr prior. t o  time t 1 ,  

F ' ig .  4.18 Base 16 c a n t i n g  c i r c u i t  



This  base 16 c o u n t i n g  c i r c u i t  i s  converted i n t o  a decimal c o u n t i n g  

c i r c u i t  by apply ing  a c u i t a b l s  g a t e  and feedback.  

Refer t o  4.7 concern ing  the  in tegra ted  c i r c u i t  employed as the  decimal 

c o u n t i n g  c i r c u i t .  

4*7 I j e s c r * p t ~ o n  o f  xh~: C ~ p c r a t l o n  ctd' l a s h  Sl ocic 

T'nls catinter employs a modale q-stem a n d ,  szncc . ~ t  3 5  divided 

I n t o  blecks having v a r l s u s  fur.ct ,~ons, n descrap+,:on of  each b lock  wlll now 

De glven. 

1 )  T J ~ Q  base sectlon (3;)1,3, 3 3 : ) )  

The t ? m e  b a ~ e  s e c t l o ?  3s t h e  h e a r t  sf t h e  coun t e r ,  The t ~ m e  base 

s e c t  nor, o f  t h l s  coun tes  I s 3D4, m d  394 2 ,  

The tune  base sec t lon  1 s  b road ly  c b a u s ~ f l e d  lnto a 1 KHz c r y s t a l  

o s c ~ l l a t o r  c l r c u ~ t , ~  a wave- shap~n~ ,  c ;  xu:?, fr;r a t ; ?  c S ~ t p u t ,  o;. f'o2 an yx- 

t e rna l  k n i o  base  signal,  a-,d ~ I V I ~ : P ~  c l  ~ c 1 l ~ t . s  down t o  O,25 IIz. 

Its form when 4 f l lp-f  i o p s  a m  cmnec ted  In ca.scnac-s 1s d-~~wvll. In $'16;. 4.18. 

If ck r  s cor i s t ruc t lon  1s on.p?ayed axnce  m e  o u t p u t  p u l s e  \ n  ob twncd  1r-1 

respect  tcl t w o  m p u t  p u l s c c ,  :n, t h e  :o--ss?,Jcd bass 4 6  clrt7:: t ,  1 c.ltp-2+, prli se 

w l l l  he oh t a ~ n e d  f o r  we?-y i 6  xtiycdt pu! ses.  A s  shcwn lr;  F ig ,  4. 1 Y v  f b ~ p - f ' i o p s  

J - K are used t o  obtnkn ~i cicc:mai iivlder, T h a t  IS, t h e  ! r m u l s X v r  I n  t t c  

C'N  ate s h i f t s  tn ~ k e  OFF' state x ~ c  l h e  t r a s ~ s l o r  1 2  ?he L'?F states inverts 

t n  the ON s ta te .  The a c t i o n  f o l l c w ~ n f ;  thc second stage 1 s  shorn In the tlme 

chart at, t h e  ba3tum o f  I"11;. (1.13. This fox-7;s a d e c ~ n r l  dav rde r  havlng 1 out- 

put pulse for* every 1 0  input p d s e s ,  

In  t h e  d;vldmg c l r c c i t  ( 5 ~ 4 ; ~  5 ~ 7 % ) ~  -the 1 hEe from the  c r y z t a l  oscI . l l a tor  

l r ,  dlvlcied t o  25 IJz, 2 * 5  137, e t c .  by the use o f  6  declrnal d ~ v l d e r  stages 

and a base 4 d l v ~  d e r  c l r c u l  t .  



INPUT 

Fig. 4,19 Decimal d i v i d e r  formed from f l i p - f l o p s  J and K 



2 )  Gate c o n t r o l  c i r c u i t  (3330, 3 ~ 1 2 )  

The gate control c l r c u t  (3340, 3 3 1 2 )  c a n t r o l s  the  opening a i d  

c los ing  o f  the  s i g n a l  gate at a se t  time i n t e r v a l ,  Ir: addit:iura, if, a l s o  con-- 

t r o l s  t he  sampling time a f t e r  counting o r  at a ~ y  desired t,ime, genera tes  a 

reset p u l s e  -to rn.mua1l.y reset  a l l  c i r c u i t s  t o  t h e i r  o r i g i n a l  zero s t a t e ,  

genera tes  a memory p u l s e  t o  i n s t r u c t  the  memory dur ing  memory d i sp lay ,  and 

i s  t h e  c i rcu i t ,  which l i g h t s  t h e  neon tube dur ing  t h e  period when t h e  gate 

i s  open. 

'ig. 4.20 i s  a b l o c k  diagram of 3B40 and 3312. Binary i n  t h e  diagram i s  a 

special name f a r  a f l i p - f l o p ,  A sne-shot c i r c u i t  i s  emp%oyed. 

n .   ate open/c lose  

i nd ica to r  ( GATE 

Memory p u l s e  
. 3040 

gene:rating c i r -  / 

c u.1 t 
4 - 0  

dave-. 
con t ro l  shap ing  

- c i r s x i t  

4 ,  < I  Latching 
Gats binary binary , I , 1 

Reset 
p u l s e  

pu l se  Heset c i r c u i t  

Fig. 4.20 3B40, 3 1 2  block diagram 
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Reset pulse 

Latch ing  b inary  
&8 col?ector 

3B40 g a t e  b i n a r y  
&8 collector 

3 1 2  Q? collector 

Memory pu l se  







to avald b l ~ ~ c ~ i n g  the aar flow around tho coln-ter, 

4) The a r b l e n t  temperature range I n  wttlch t h e  coun te r  can b e  lased zs  

0°C - +409C. 

) I t s  s t - o r q c  tempcra-ku-re rangr as -2aoC - t 7 C ° C .  

6 )  S1:lce a c r y s t a l  o s c l l h t s n g  element 1s ornployed, never  :;ub,jcct the  

courlter  t r o  oxt renw shocks o r  v a h r a t l o n s ,  Always hanaJ c t h e  c ; o u l e r s  i:rlrcf i r l l y  . 
7 )  Use a n o l s e  f ' r l t e r  when t h e r e  1s a considerable, amotmt, s f  n o l s e  I n  

t h o  AC poxes source. 

8 )  Smce  the ~ n t c m a l  s l ~ n a l s  1.n t h s  collnter can leak out, p o u n d  the 

case. 
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/ DC voltmeter 
I 

0-1  - 500 Vrms 

0,l - 300 V 
Accuracy 0.55 

I 
Power supply voltage I 
adjustment : i 

i 

Frequency range DC - $00 lvlfdz Observation and 1 
Voltage sensltivlty 0.1 - 200 V , rneasuremont of vol- 

tage waveforms in 
each sectxon mea- 
surement of exter -  
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1 Remarks 
I 

  rial genera- As mput s ~ g n a l  fcr 
,or 8 measurements and per- 

I 
I t'orrnance checks 

I I Sxgnal genera- 1 Frequency range 10 MHz - 100 KHz i Keasuremrntv and per- 
t o r  / Output vo l  t.%~? 5 mV - 10 V / formance checks 

I I 
I 

.-CI - 
I S ~ g n a L  genera- I Frequency range 100 -- 700 IVildr, 1 

1 - -- I 

I ftigh--frequency , hequency rmge 10 Hz - 700 mz Tni)ut, ou4*p9ib8 s~gnal 
high accuracy 1 Uetectlon s s n s l ? ~ v ~ t y  Bet ter  than 1 V Q ~ ~ W @  measurements, 
vsl tmoter I 1 mV i frequency band mea- 

I , suremen t s 

Ohme t e r  

' %easursmen t cf In te r -  
! nal. ?, imc base accuracj 

Per f  ~rrnaice Cknck 

Per.fc~srr.anc;tz checks .trj i+:termj.no w'.:i:tt:er or slot all "he ::.rc~its 

a ~ c ' ,  f ' lmct,isr;s c f  th..c: caY.wtc-:-r operate normal ly  c h w l . d  be pc!rf'ormod 

at 5hc f o l l , g w i n p  .., t imes .  

1, A s  pa r t  of the  check of eorarrter s p s c l f a ~ a : ; ; ~ o r , s  w~c:; f':a"st 

r t l f ~ ~ k i , r r . - d ,  

2 .  Per i .od lca l ly  t o  rna.ininin n~aximurn r c l i ak i  !, i . ty, 

9, As pard o f  t r u ~ a b l e s h a o t l f i g  t o  a s c c r t ~ 7 . ~ n  t h e  l.ocn!,ion cnf . tho 

ft?u?.+,y circua t * 

L ! .  T3 . r e ! ~ ~ n  '[;!if? cour i t e r  t o  i t s  normal s t r i t e  a f ' t ~ ~  r a p a l r  aqri 

. . ;x ;;:,,I z ~ n e r l  t * 



1 )  Checking t he  self-check operation ( r e f e r  t o  3.4) 

a, GATE T I E  C E X K  

contro1,s are s e t  as shorn above. 

2 )  Checking *,he f reqamey mcasu-ement, operc;-kim ( iief'er I O  3.5) 

a, CjA,T&i T Iv& 0.4 2 

SANI-'U HA'I'D E'ul'ay cour;?ercl oclrwise 

a, ST(;~R~~E, / : J ( ) :$-~TG~~A& ST OR A[.:?: 

d ,  Connect a s . i ~ ~ z ~ ,  from t h e  si tpal .  _.anerat.or - to th f?  T i u ' F - Z  

tqr .mlnal  of  t he  c o u ? ~ : t e r  with +,ke :n::ut ~;a.)l..:t:, K;:%e t h e  

Input gPg:?.al vc? ",c greater  t k w  rn',!;ms ;j:L . t i ;la t i m r ? ,  

e ,  $jc;?.surc. L 1 - i ~  ' 3 EZ - ; ,3 0f.~;17a.i t ; ~ ~ l . : ~ : ~ . k ~  F ? ~ . i . ; r ; ? ~ ( + n ~ ~ ,  

w i . t h  t h e  ~ C ? : ? t i : J 1  at a c ~ n s t m t  13 rr,lir:cr;. 

r t  7~ ;eas i~ re  t h e  19 $Lqx - 790 Faiz r=i.nrl IC>0 i:liiz - 5<)f! jixjz f'.,pcq!~e~clen 

i n  ',he s;me n ~ x n n i ' ~  2:; i n  the: ;1b.:~~e at R GO,? :;ttt~i i, ? 9 F.V: '!~IIS~ 

, !::ci)??::si 3oa::jyemk:r.S~ w j . L i l  2. 50 tc?ri~~.?,n.a+.ioI; w h e ~  no is r :  

.!.s p-eosen?, t~he  :;a-tj7, c) nr &je,a: rfbe c a b l e .  nus he I,cr!{< 

'in f'?eyiie::?;'r;f r-ienct~r",rnen t , 

7 )  U-d,1 *,::h ;y~;!a[;~/'~(.:!~.-:;~~ii~{ t?.(;b* a t  i ,hf :  re;hl.. pa!r: 1 aq,r? zc::f j ~ r n  t t ~ a  t .- . 

3 3 t h  memory d ~.:;pl,a,y wrd r z a x  t. d .I o p i q j  arc! r;;lrn;al , 



The c a x ~ t e r  c a ~  be opercztsd b y  ~ ~ t n  exte'pazal 3 Niz  LIE;^^;, 

S e t  the  TNT - i X r J '  ~wltclri z t  ;he raar p a e l  La b X l '  ;?n(! c w n e c i  x 1 XJIz 

~mc--brave s l g c a l  g rea te r  ? h a  : V r m s  <G tikc! BIfC t e m m a l .  

O p e - r a t ~ o c  1s performed by p r ~ d i l c m g  the 3;me kabe s+;n31 of the counter  

by means of an ex te rna l  ~i;:nri?. Thls 2,s uzed as :kc tlmo base for frequency 

measurement and whnn h3gh accuracy a s  s e q u l r c d  a t  t h e  same tune. 

5 5 Tr~ubleshooting 

Thin counter  employs all trar,sistars and a clrmrt board system. 

Slnce u t r ~ c t  p roduc t  quality c o n t r o l  a s  e f f r c t l v e l y  conducted,  t r o u b l e  
8 

shou ld  a lmost  never occur. However, ~f t r o u b l e  should occur,  n t  can almost 
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Eecimal s a w  t a n g  r l r e u l t  

Gats pmtrsl sec t ion ,  Gate csntrol 1 
C ~ R C U  t I 

I 

Gate c o n t r o l  sec taon  4:1 - 9 0 ~ 1  
sample s a t e  ckrcust 
Time base s e c t i o n ,  wise-shap jng cir-i 
cua t ,  18: - lo:? d l v ~ d m g  c s r c u l  ts I 

Time base s e c t i o n ,  ?0:1 - 10:l - I 

? 3: 1 d ~ v i d l n g  circuals 



Table 5.3 Troublcshoating and repa i r  

S,ymptom -, and boca-tion Trc>s+&lccatian and cause Cormct ivc  acticn 

( 1 )  Power l a n p  does n o t  l i g h t  when t h e  ij10m9" switch (POWXI?) 1s  s e t  t o  POb?!;Ft, 

A.  Check t o  see 4f 1 A )  Abnostniil. AC power supply Cbacic ts see if' i t  i 
fuse at t k a  1 B) i n t e r n a l  wiring is s h o r t e d  , is t h e  specified 

r e a -  psiis1 i s  
b l o m  ( C )  Shorted %o ~ o m d  due "b de-- ! I f i ~ c t i v e  ;m4 i C h r A  the i.nrtlvidun1 I 

: pawe.::* : . :upplies 
I i c t?~y5>i : t  eke? fnu.i ty : I 

i p a x  t ;~lii Y % ~ ~ ~ c B  C ~ D  
I (1, :-<, ?a 4. ; ;> r, .?. . b 

I* .- .., L ,a .& - y G.! 'L 
--I,,----- -- 

B, ?QVC s u p p l y  i ~"as ,  r L ; ~ r r l u l ~  
check i A) P G W ~ T  . t,rasformer 'I? open iRepl.:rco dcf t 'ec t jve  pm.t.5 

B)  Def'ect,ir;e 51 3-d c3n.tart::. ' , 
I I C )  RcjcCifier i s  open 

2 )  Defective e l e u - t x w i . j t i c  
11 

cragIaC3 tOT 
.7,L 14 

A) 3efucf1ve zeneir d lode .,i~;pl ace r;uf actlvw ;;,r;. :,> 

) Q 4 ia t.he PO1&R SI;CTI[L.;.! I 

or Qi ..+ Q j j.:~ jj., 1 4 a.~',? 
iiefer,  ti:^; 

c j check i f i d  i\.:..e s:~; i,,urifi::l:i~.~n r,s I. 

"".fl?.' "'., r 4"'- r 1 < t; Cil."C~c,yi>r; 
rjfi~;:d:ny ~..  c;isc.:j ti- 

1 :; :p: 1.  







33gn31 system. When soldor~ng t h e  1ez.d wises, wrap t h s  l e a d  ap- 

proximately 1 - 2 t u r n s  sroua~rl . the conncz t ion  m d  sclder i t  qu:ckly so as 

r e p a i r ,  

a) Rsmave ,my o x ~ d n t a o n  from soldared s e c t l o n s  w i t h  bii_': ' ; J  vo- 

latile or oil t h i n n e r .  

b )  Remove any p i e c e s  of c u t  wis ing ,  so1.de.r pa r t i c l e s ,  e k e  . 
b These can be effectively removed w i t h  high p r e s s u r e  air from 

a compressor. 

c )  After cLeaning check for short circuits between circuits boards 

and parts. 



doppber c f fec  r ,  xu l t apa th  rcce;j+l-en, e t i . : .  The TAGiS.4 i i I f i N  St;wld=d em - 
8 

playing t hc  r e s o n a t  frequencx ~2.'' cesium atoms has c,n abso2.ite a tomlc  

-1 0 -1 1 
accuracy of X I  x 10 and o. 101:s term u t a b l l l t y  o f  + I  x 'iO . The  In- 



Therc :s 1 .,~ethorl o f  czl:  c r a t ~ n g  the c r y r ' i n l  c : c . ~ l J a r o r  

by u s m g  a sftm2;ri-d, 

3 )  Method u s x g  a stazzdard 

In  t h n s  c a l l b s a t i o n  rnsthod, t h e  c a l i b r a t e d  slgnaL f rom t h e  

s t a n d a r d  1s drrectly connected t o  t h e  i n p u t  of t h e  counter  and measurement 

performed. A t  this tame, t h e  GATB T l Y i  b ~ l t c h  1s s e t  t o  4 3 ( t h e  gate 

b 

t i m e  p o s ~ ' t l o n ) .  For e x m p l e ,  when t h e  external st3ndard -as 13 Mjz, ~ d j l l ~ t *  the 

F?lEQ STD A3J w i t l i  t h e  drsp l  ayed value of t h e  measured r e s u l t  rends  010000.00 

H z .  
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-8 
rda l~bra txon  makes measurernextn at m accuracy of 1 x 1C pos:,lt)le w ~ L h  

the counter. Tne assxracy of ",,B e x t e r n a l  s t anda rd  used at, t b z s  t l rne  ~ u s t  b e  

-1 0 
greater than 1 x 10 

Xhcs eal~hratang w r t k  the  method descrzbed aixve,  a l  law t h e  cewz%er 

t o  w ; n ~ v - u ~  for 48 hours af te r  power 1 s  spplned b e f o r e  p e ~ ~ f a ~ r n l ! i g  sa1:braLlon. 

Atnbxcn L. temperature x Y r :  ,ztrfms, shack, mr! viDrat1'3n z h ~ u i  (i be avoided when 

m&.bng neasuremen t nf  ? e r  s d a  kra',lo!a. 


