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SECTION 18 

COUNTER CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

POSITIVE DIODE CUUNTER. 

APPLICATION. 
The positive diodecounter circuit i s  supplied uniform 

input pulses, representitig units to Se counted, and prw 
duces o positive output voltage, the overage value of which 
1s proportional to t?e freqllency of the oppliedpulses. 
Counter circuits ore employed in the frequency-indicator 

, ?ircci!c 75 ~!Lc::cTI.; : i~il i~lj  iji ~ U U ~ L X L O  urwces. 

CHARACTERISTICS. 
Input pulsesrnust be of constant omplitude and of equal 

+ire A , . "  ..-.. .. .t-- - ;-.., , Luwl~m r l i ~ u i ~  iausr be preceded b,' hmiting 
and shaping circuits to ensure uniform amplitude and width 
of input pulses. 

Output-pulse polarity i s  positive; overage d-c wtput 
voltage level is determined by input pulserepetition 
ireqdency. 

CIRCUIT ANALYSIS. 
Gencrol. The positive counter circuit i s  used in b e  

quency-indicator (tuning or counting) circuits which depeod 
upon the output pulse amplitude and time duration for 
accurate indications: therefore, the input pulses applied tn 

the  COIL^:^^ c::c:it ISZ: be :! ccnst~r:t pulse ompiitude 
and pulse wldth (tune duration). The counter circuit i s  
preceded by liaiting ond shaping circuits so that the d y  
vnrizhle eiement m the counter-circuit output i s  the rep 
etitlon irequency of the input signal, enabling input-freguerr 
cy variations to be measured accurately. A relationship i s  
.L~.-L. .  <.. .c.,: ?stablishcdjerwrer. izpu: freqcency nnd overage out- 

put voitoge; a s  theinput frequency increases the output 
voltage clsa increases and, conversely, as the input fre- 
quency decreases the output voltage decreases. Thus, the 
positive counter circuit, In effect, "counts" the number ol 
positive-rjning irput pulses n.' produces m averaqe d-c 

~ ~ t p u t  voltaae which is proportlonol to theinput rcpctition 
frequency. 

The output oi the positive ccunter circuit can also be 
lired tn prodgce pcsi:ivs t;iggei ~ " l s e s  iu synchronize 
V.e trequenc, cf h1ockinqoscilLotor or multivibtator clrcuib 
W11;. the :np-t ?:!se-iepetitlor. !reql;ency. 7he hnsic positix!~ 
comtsr ci:c~lt ccn be easiiy modifled to change it t o o  
sterrby-step countpr circuit !dercnSed lcte: in this se-tioi,l 
bv su5stltutln.r 5 ro"oc?tnr !nr the iesis:S: ;C;CSS kt vutput 
terrn?na!s. This modlfied circuit i s  referred to a s  a k c s u s l o ,  
divider, k c o u s t  itieuutpu~ lr~gger irequenq is usuallv 
mode a ~ubmliir~pie nt  t h e  !~/I'I! p,~!s+~~~e!i!j t-^z !:cq-ijilii; 
the circuit is used in trigger-generotor circuits o! radar 
modillorois ncdmdimtore. 

Ciccuit Op.rotion. A basic positive diode counter 
iircult is %?own m the xcornpmyiny illustrotion, toyether 
w l r h  ~ ~ ~ ~ c c i  ~ p u :  o-tpj: :mvc!o;ms Cilpzci:cr C i  ic 
,h* ,"n,,3" -,,- !.-- ----->.-- - - > - , - ~  , . .  . 
. u-ur....., ruruil,vr uruuiau s r i v r s  10s il ?< D!CCIL?r; 

IW;IUCIIO~; res~stor n i  1s tne l w d  res is ta  across which the 

output voitoye is developed. Electron tubes V 1  md V 2  me 
indirect]" heated diodes: the filament (heater) circuit for 
the diodes i s  not shown on the schernatlc. 

Initially, copacltot C1 assiimes o charge (reference 
ievelj which 1s determined by the d-c voltage (if present) 
of the preceding stage. Once copocitot C1 i s  charged to 
.L- I..,- 1 ., ., ,., LUC upplirii 6-c voitage, the c~rcult  remains in 
a qmescent condition until an input i s  opplied: the output 
wltage a t  this time IS zero. 

Pulses applied to the input of the counter circuit must 
have constant ornplltude and equal time duration, since the 
counter circiuit 15 intended to produce on output voltage 
which is propottion01 lo the input pulserepetition frequency. 
F n  Lee purpose of th;s discussion, assume that the input 
wqve!c~ i??::: i: ::; z c i o r , p c r ~ ~ ; r ~ ~  i;iust~uLior~ i s  oppiled 
to the input of the counter arcuit. 

INPUT 

Ec 

I V2 CONDUCTS ! i . AND Ci I i 
I 

SUTPUT 

Sosic Posliive-Diode Counter Cirruir and Waveiomr 

, r, 
h:,ci, "I= puslnve-gainq ieoalnq edoe of thelnput wove- 

iarm occurs, the voitoge rises suddenly. ' h i h e  charge on 
rmylirlq cu;uc?:n: c L c-,-ns: 1b.3r.qe ;cs;ntmeous!y; their- 
fare, lhe plair ai jiilde'ii %comes posltlve with respect 
to i ts cathode, and thediode conducts. Current flows through 
the serles circuit consisting of l w d  resistor Rl on4 &nde 
V 2  to charge the c o ~ c i t o r ,  C!. Sizce t'e charging cuirent 
flows through the load resistor, R i ,  a pulse voltoge~s 
deve!oped o ~ i s s  the ii.s.stor urtd i s  sllppiled a s  the outpct 
Gt ih~e iourkte~ circulr. 

. . 
$,L,-- .L- ....-.. ..., ..L,u.,.c-,~u~,,g U U A L ~ J L ~  edge oi melnpur wave- 

!g- oczss ,  the .;a!:;,-~ drops suddenly. Once ogain the 
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charge on cotqlinq capacitar C 1  cannot ci-a?:? instontane- 
ously; fi.crelore, a nsqative voltage oppeo:s l c r o s s  c icde 
V1. (This negatlvc v o i t ~ q ?  i s  eqilo! 1s the char7e pre- 
viously obtained by capocitor C1 from tb,e c o n d ~ ~ c t i o r  cf 
&ode V2.) Slncr thr  cathode of e i o l e  V l  i s  now neqative 
with respect to i t s  plote, thc diode c a n d ' ~ c t s  onc discilorqes 
capacitor C1 to i t s  initial volxe. The cirzuit tnen remains 
in o quiescent condition until  another pulse i s  applied to 
the input. 

If i t  were not for the fact  that dlodi  V1 dischorces the 
copacl!cr each time a pulse i s  opplied to the input, capacitor 
C1 waul3 soon charqe to the peok value of the input wove- 
form 0 s  C O ~ S E C U ~ ~ Y ~  Positive pulses were opplied. As a 
result,  no output would be obtained becaose the clrcuit 
would be rezdered inoperative. 

The chor .2~ time of capocitor C1 i s  !etermined by the 
value of resistor R1 and the low internal res is tance of 
diodc V 2  . .hen conductinq. TIC dlschorqe t i n ~ e  of cu?cci- 
tor C1 i s  determined primarily by the low internal res is tance 
of diode V1  when condtlctinq. Thus, the time constant cf 
the discharge path i s  always l e s s  than that of the cha r se  
poth: therefore, within ceitain limits imposed by the P,C 
time constant and the applied pulse-repetition frequencies, 
the circuit i s  olwoys in condition to accept the next posi- 
tive-qoir7 input pulse. 

From the discussion qlven i n  the previous paraqrophs, 
i t  i s  evident that there i s  an averaqe current flowinq throuqh 
resistor R l  whenever pulses  arc  opplied to the input o f  tile 
circuit: o lso,  o pulse  voltaqe is produced across  resistor 
R1 for each input pulse  applied t o  the circuit. Thus, an 
average voltoge i s  produced ncross resistor R1 ,which vnrles 
in occurdance with the repetition rote of the lnput pulses;  
the average voltage inc reases  as the input fiequenw in- 
creases ,  and vice versa. Since t i ; ~  octput voltoqe level 
c h m q e s  in proportion to chanqes in the repetition frequenw 
of the applied input pulses, the output valtoqe can be fed to 
a succeeding s t age  which controls o suitable i r d i c a t i n ~  
device. The  indicating device, ~n turn, con be calibrated 
in units of timc, frequency, re~iolutions per minute, ctc.. 
based upon tire relationship ol output voltaqe to input 
f requenq.  

FAILURE ANALYSIS. 
General. The  p o s i t i v ~  diodc counter circuit i s  o rr- 

lolively slrnple circuit consistinq 01 only iaur companentz- 
dlodes V1 and V2, capacitor C l ,  and resistor R1. For t h i s  

reason, failure ana lys i s  is somcwhot limited. 
Initially, the input s ignal  to the counter circuit should 

be checked to determine whether i t  is present an6 h a s  the 
mrrect  amplitude and pulse width. 

A visual check should be mode to determine wnethrr the 
filaments (heaters) 01 diodes V1 and V2 ore l i t  and whether 
the filament circuit i s  complete. Tie diodes s h o ~ ~ l d  be 
checked in a tube tester,  or, os on olternotive, diodes knovm 
to be good can be substituted and the operation of the cir- 
cuit observed. If diade V1 is open and ioils to conduct, 
capacitor C1 will charge to the peok value of the applied 
input pulse and, once  the capacitor is fully charqed, no out- 

put will n. 5eve;a;ec Jcrnr; t i e  !oar! r?;i::tar, ? I ;  ii ?lo,?c 
V1 shorts, no mjt;:~: : : : I  re ? ~ Y C ! O > - ~  (ICTOX t5r  lax! 
resistor. i! dicdr 'li ::; 3Pcr a: ~c!!E to c a n i ~ ~ c t ,  nn output 
will be rltvrloaeli c.:~rc.:: :l-lc i:m! rcs!;tar: I! diode V2 
short:, 3 ~ o s ! t : i i  o'~:p,-! F'JI;~ :".I! be developed ac ross  the 
load :F;I:IC.:, t i  :.-th,er :A:::.. 3 r-31: IG?IUUVP O U Q U ~  p ~ l s e  

, . 
which ,I! cc::jcint ..::.I t. .erccoUve-plnq troilinq e d q e o f  
the 1r.p' ,v:ovcfa;:.. 

7ni cc:,r:tp: c1rcu:t 1: -  ~ o - r c l i y  preccce'! by linlier- 
si.oper s:.:;e;; ;.:c;e!o:e, I n  a m c  cases o ?-c potenuol 
exists at h~ ~ 3 8 ~ :  t^i ille CIICUII.  :i mupiing cspacitor C i  
s h o l u  i:eccn:u leaky (o: ;ho:tra), c valtoqe-divider octian 
will occur. ?or tms rncciaon, i t  i s  likcly thot diode VZ 
will conduct a t  all  t!re;, rn; o j-c poter,i:ul whlcbb l s o b v e  
nomol ."v111 be drvclaped zcn;-s res1;tcr R1. Copocitor C1 
con be chrt:ke,~ vr t t i l  ; ; ~ t ? t i e  ccpor>:cnce analyzer; 
resletar E.1 cur 3i .:..?l:,:rr: il!r ~ r i  ?i:a?eter to aetem,lne 
i t s  reslstanci-. 

NEGATIVE DIODE COUNTER. 

APPLICATION. 
The neqotivrdiade counter suppl ies  a neqotive voltaqe 

output directly propat:onol to the repet i t im rate of incominq 
pulses. The  nclotlve d i d e  countcr iscommonly employed 
in rador tiv.ingcircuitry. 

CHARACTERISTICS. 
Input pulses must hove uniform width and omplitude; 

only r e p t i l i a n  rate ntay vary. 
Usuolly preceded by limitinq and shapinl circuitry. 
Develops a negative voltoqe output directly propwtional 

to therepetition rate cf incoming pulses. 
Alwoysreturns t o  quiescents ta te  between pulses. 

CIRCUIT ANALYSIS. 
~ ~ ~ e . . ; .  The neqative diode counter circuit i s u s e d  

a s  a frequency indicating device in rodor timing circuitry. 
With same mwJificot~on, the d i d .  counter m y  eko b e  used 
os a n  fq. detector, a frequency divider or. when used in 
conjunction with a b l z k l n q  oscillator or rnultivibrator. 
a s  o syncb,ronizer. 

Briefly, the negative diode counter furnishes a neqative 
voltage output directly prosr t ionol  t o  the repetition rate of 
the incominq pulses, provided pulse width and amplitude 
d m s  not vary. If therepetition m t e  o i  the pulses in- 
c reases ,  current flaw through the l m d  resistor a l s o  increaser  
(occurs more t i n e s  p r  second) and consequently the total 
voltage developed a l so  increases. 

Basically the diode counter utilizes the characteristics 
of a c a p x i t o r  3nd j iode to z r f o r m  i t s  lunctlon. The fact 
thot a copc i to r  tokes n flnite t n e  to charge and that a 
diode only conducts when i t s  cu tha ie  1s nelat ive with 
respect to its plote, ollows u voltole t o  be d e v p l o ~ d a c r o s s  
the l m i  resistor whicb, is proportionnl t o  the repetition rate. 

tirc.it Oprotion. A &sic  neqotive diode counter, 
alonq with input ond outpct waveforms, is shown in the ac- 
companyingsche~nat~c dio;rom. 
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Cl  

---* 
INPUT 

OUTPUT 

... 
-30" 

I 

Basic Negative Diode Counter 

Comcirar Zi  is  ttic iilpll! l-r~,~ri!v: ,:::K!!c~T CPC ?? 1s 
, .  , . the l,m2 rt?si:;,3r. 2.d~ ;: ;:; x:;,:: :;It:, t:.< .rn! :.:- 

. . 
jistor cn? it can ~ ~ s i ! . {  kc ;.,:- t: j t  - .  !lr; ;: . 1 1-7 l ..tr 
there will L.e 02 0 ~ t - 1 : ~  z 3 ~ \ i n : ~ ~ ! ~ ,  i : - ? ~  l,,? is i:-:..:z:~? 
i" ~ ? ? i i ? i  ,.!!!b. I!!? k c ,  2:,,2 C? 127.: :: ;: ::>! ;::: ::.ere 

-. 
will nct 3e nn a u p ~ t .  ;?us, V l  zcts  3s .,i o f f a n  i.;xitch, 
w h l e  V2 owrotes  as o d l s c h a q l ~ ~  diode. S i rce  the c i r c ~ i t  
i s  to furxtior, os il frcqaailcy indicotiw . : ev ic~~ ,  it  1s :iec*;- 
sary (not pulse amplituie on:! * u ~ c o t l ~ ~ ;  , :,?r:~~iis ti:" sane 
for eoc; ;"kc, :ulth ori: a..i 11-e  act:.,^: :..is?: ior iese- 
titian 13tt.) S t i r  2 i l l o v ; ~ ~ !  to c/,,T ji  . i i i i - - ,  t i r  - - : t l ~ o  
d i d e  ~-0,;nter is  ,fi;,qlly pr",-+. i,!' I,'.,,!!. ,: "V 2. -F!-,q 

,̂.̂  ,,, ̂t  ;.* ,: ...,-I:- ......... . . . . . .  -. ...... " ............... 
A; tile rwqciive 1 ~ . i  ie oi Crr ilntiol ir,cc.:.mrl 

p ~ k e  z;pn:z ct :nc input, copx:t;r 4 >c)inc t i  ci:oqe; 
. . h"~~,!.~, !t !S  k?.,,*i" !!,?. k? ? ^  !b?"?\~ !j:̂ : : ;3:2C:::: :C 

, " I . L . ,vr;:;uq~er!tiv, ut  h c  first . . 
in-t-?,t ,.- u t?,c s q r , z l  :.; ,c>p!i,c<, tt,e re,=< ~c,2t~t ic:  ~ o ! t a , ~ e  u t -  
pzor.; 01, tili! cu l t~a :u  31 Y i ,  c;~d:;lnq tile tdne to C O ~ C U C I .  As 
t i e  l u x  :oncicts, c i r ient  f i w s  t i r o d ? k ,  1t.e !m! r*:i-tar, - 
t r l  to i r o ~ ~ n ~ i ,  ?cvei<;-.!:~? c rcnctive 31~t3t.: ~ 3 ! t n - ~ .  .Ax i-: 
C!?"V;PT, tit .  VC!~?:' CI:;!?~:: !C t i ?  ~1!"1::. C:  '.'I k;C:-::T 

ic;; r l e lc t~+u  snJ t;.:x' ~:in:!ltioc ?;ecrro;~:;, ;,;i.ilni li:3 

voltoqe to be devr ioo- i  ilcrasi l m !  rrr ;s tar  R!, ini..jinl fir 
ort,"n ? f  r . z#  ;: ;:#. t ,>:,? ",,-f,n:- :: :;: - _ 2, 

" ..,...,.,-.. $L c. - -...+ : $ v. 1 ......... , ............ , .. , ...... 

It is  essent inl  to remember that the circuit isreturned 
to o quiescent conditiorl mcil time the incomini; i n p ~ t  FLI-e 
returns t o  zero level, rr2ordless of the pulse repetition 
rate. Referrin? to tile sck~e-iatic dioomm it con mci ly  .I- 
seen that c h o r e  curicnt, (current flowing in the circllit 
whileC1 is chcrlin:) !lo;;; ihroilgb the iambire? ri;iit,=r,c,: 
of V1 ond E l ,  ,while ? : schzqc  cunent (current iimwi-,, ii 

tile circuit while C l  is  iisl-bnrging) flows only t b i n q b  
the conducting resistance of VZ. For exomp!e, lf we o s s i w  
the 1032 r(.:;istoi rind the conducting resistnnce of t r e  
identical diodcs c rci is tance of 10 thousnnd ohms ':r? lGG 
o h m ,  respec t~vr ly ,  11 I I ~ I I ~  P O S I I Y  k seen that ct;::e cu- 
rent f lo i ;  tiro;l;i iC,l;;'O ohm;, #h!le d i s c h c r ; ~  C I I I ~ : : ~  

.., ',.C;.:i .:, .. " " .  , . ,  :c03!,:.,. l l ~ ~ , < . ,  : t ,+  ;; ,: , : : t 2 , , . . :  
, k c , "  .. -..... " . . .  8 .  . I.. .. . . . "  . . . . . . . . . . . .  . . . .  , . . .  ._ ........ ,.. . . . . . . .  , , , ,  
dlschar';lni, cy r lc  i c ~ ~ p o n i ~ n t c l y  105 to I ) ,  c n i  cn: . i o l t ? j ~  

. .  , 
ztcrc!  i:, 7; :brit iL :Latm,~c ,.: ~ ~ ~ m ~ e ~ ~ ~ ~ t c l y  ,iisc:i x 2 e 2  ti,ram>:! 
, ,- 
vi, re1urnir.j 1 : s  r l r c  ~ l t  lo it: qulesrcnt ~ t o t ~ .  - ., , . . .  . .  * . . . . . . . . . . . .  . . . . . . . . . . . .  . . I  .... : .L"j.l . ..., IYII :, l i  rii..c.L ? . . .  
valtaoe ocioss  the ol!tnut VC:~IPS in :!i:~ct prrplt i ,>r t: tLe 

input p'llse rerctition rite. Hence i f  the reyrtlticc rzt- 
(ireqdenwi i: tkc incu;.,io! ~ I I I S P S  ir~cri!osr:;, r i i v  ;cIr:.,e 
across Rl a l s o  1rciea::ri. 11: n"cr !or t t . ~  rir-ilt tc i i r ~ t l o n  
as 3 f iequr5cj  co;,:v:, .icra!e !~.etI:d nrdst ~c i:&!:+ .. :J 

.tiliie titis Lrequcncy - vairuqe varmtxo:: !c ?XI,;:., A .  - 
iniicaior. ~ n r  ioiih':d~r scr,err>ntlr .+!rnrc- :erreze:t: z e  
simple clrcui: ,wi,ic!. ::a;. he i:;cd lo rprfoi- this : .::ti-:-. 
In this circuit thcbas ic  counter i s  fed into o 1o.v p s s  
smooth1n.j fiitcr, wliicb controls an election t ~ h -  ::I!. 

cathode a:rrcnt meter mll:rrirtrri is l u r i t s  of f rw,~enr , : .  

Circuit Application 
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filter network consisting of C2, R2 and C3. In this applica- 
tion the purpme of the filter is to srcocth out ony rapid in- 
crease a deneose  in m~tpl t  .volta>e thus providinq con- 
tinuously smmth operatior. 

The filtered neqotive con t e r  voltaqe i s  applied as bias 
t o  the gird of V3 ond varies the plote current which flchvs 
through a meter in thecathode of V3. The meter i s  linwrly 
calibmted on the front panel to indicate chon;es in current 
a s  a henear frequency chonge. For exocple, ossume the 
circuit i s  operatinq and a specific frequency isindicated on 
the front pmel  meter. As the repitltlon rcte of the pulses 
increases, theaveroge voltoge across the load resistor a l so  
increasesand a loraer bias i s  applied to V3. Plate current 

~ ~ 

through V3 decreases, m a  as current thiouqh the meter 
decreases, a hiqher frequency indication i s  evident on the 
calibrotedmeter scale on ti.e front wnel  of the equipment. 
If the applied frequenq were to decrease, the opposite 
effect  would cccur on2 a qreoter plate current flow would 
prcduce o l w e r  frequency indlcotion on themeter. 

FAILURE ANALYSIS. 
No Output. Because the bosic circuit only incwporotes 

four components and opmt ion  i s  relatively simple, detoiled 
trouble analysis i s  not necessary. If troubie i s  experienced 
with the circuit use on oscilioscape to check the input 
prlse troin for uniform ,width and axplitsde. Also check 
both diodes. If the trouble persists, check the dc resistance 
of R1 with an ohmmeter. Also check the coupling capacitor 
C1 with on inzircuit capacitor checker. 

Weak Output. It o weak (or incorrect) output condition 
exists, check the input pulse m i n  for u r i f o r ~  width and 
amplitude using on oscilloscope. Also check b t h  diodes. 
Check thedc resistonce of Hi lrsin; or ci-mrneter and a l so  
check C1 with an inzircuit cowcitoi checker. 

STEP-BY-STE PCOUNTER, 

APPLICATION. 
The step-by-step cosr,ter i s  used a s  a voltoqe divider in 

electronic equipment ivnen it is necessary to provide a step- 
ped voltage output t o o  relaxation oscillotur or ony other 
device requiring o stepped voltage t r i~qer .  

CHARACTERISTICS. 
Provides a stepped vo l t ax  output. 
As the number of input pulses increases ior me pulse of 

output, the countinqaccJracy decreases. 
Utilizes two diodes. 
(Xie s t ep  out occurs for eoch rycle of input. 

CIRCUIT ANALYSIS. 
Ceneml. ?he step-bystep counter (commonly refened 

to a s  simply a step counter) provides an output which in- 
creases e x p e n t i a l l y  in such o .way that the output increases 
by a me s tep  increment for each cycle of input. At a pe- 
determined level, the output voltoge reaches G point which 
causes some circuit, such a s  a relaxation oscillator, to be 
triggered. 

W67-WO-01M COUNTERS 

Circuit Operotion. A sche:ntic ii32r3m o! 3 step CClntel 
i s  illustrated in t h e a c c o n p n y i n  f ixre .  

INWT OUTPUT 

Boric Stepbystep Counter Circuit 

With no sign01 applied at the input, there 1s r.o ar.1- 
put. As the input siqnol is applied, cnd increcses in c! 

pa i t i ve  direction, the plote of V2 becomes F.ae positi.~e 
than itscathcde, and he tube conducts. 'Athen J 2  canducts, 
capxi tors  C1 and C2 beqin chorqing. R e  oction of ti.e 
cwnter con be best understood by r e f e r r ~ n  to the f i : j ,~re 
below. Since C2 i s  larger than C1 (for tl-,z sake of explcno- 
tian, we will assume it to be ten t i l e s  as lnrce, o:i? tt.at 
thepeak voltoqe of the input is 100volts). Cl  c;s : ~ e s  nine 
tenths of the input voltnqcand C2 nssuccs only ore tenth. 
or in thisexomple, 10 volts. At time t,, the inpc: :cp; to 
o neqative value, and V2 i s  driven irto c '~tof1.  At !he some 
time, the cathode of V1 becomes :-are ni;otivc t'ion its 
plate, ond conducts, discharginq C1. ;lie si.gr.i. an C2 
remo~ns, however, becocsr it i c z  zo ?IS:~.;IOC pdtk.. T-.us, 
there i s  o d c  voltoqe o t  the output ::hi:h. is e q ~ ~ o l  to one 
tenth of the input. At time I,, t'le input q o l n  ircreoses 
m i t i ve ly ,  but this time V2 cannot cor?uct m i l  the inwt  
becomes grwter than 10 volts, the choric on C2. At this 
level, V2 conductsand C2 again ct,crles to or,e tenth ,sf the  
total avoiloble voltole. ' h e  tatcl c,,oilcble va!tale ct h i s  
time, hwever,  i s  no lan<;ei 100 volts, bat 100 ml t s  " n u s  

-~~ ~ . 
quantity of 100 volts minus the lC volt cb~crqc cr: 32. By 
the same token, the third cycle ,adds o i l y  o x  tenti of 81 
volts, which resultsfrom 100 voltsm~nus the 19.~011 chcr;e 
an C2. Each addition01 cycle pio:,i?cs 3r. enpner t io l  i r -  

CHANGE 2 
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crease in thesome manner. It is for this reascn that the 
accilracy d i j c r e ~ s s ~  ni thc riltio increases, because os i ~ e  
ratio becomes too yect, the hi;ter steps becomeolxast 
indiscernahle .  

O 2 3 4 5 6 7 8 9 1 0  

NUMBER OF PULSES APPLIEDTO INPUT 

Wovelotm of Step Voltage 

.,,, , 
' w e i  t r i  ;a i l . t~r  is tus~li 10 tr17?-1 c rc!n>:c!:z: ;;:i!l;tc, 

the ~;cll!ltoi xi.: !.: : !:1ste' IC COI:CP t r l  jciin;; 31 c 
s p i i i i c  :t-r. :,:,-n t rn r.-br.ticr  ill^:^^ ,!rc..;- i 
c ,2r,m -;, :! *,--I-. .. : : .  . .  -,> 1:: thi-cy;li. rupots. 'Illi. sb3p 
~ 3 2 ; : ~ :  t:icirfor~ i>rcolil~s o f r ~ q w n c y  diyider, s ~ p p l ~ i : ~ ~  
One O.113Ut til:jCr for o l1tl11her of input triqqers. 

k s  !:r-.;!m-I7 T F C ! ~ O ~ ~ ?  ijj:ti;l is in.Jrz:TE: 
,,.,?.. .L 
-i-.. .#,- . .i,a.., .~.,~,di cr iuryn)  rctxot ~ ~ P A C I ~ O T  Ci. 'thm. 
i t  ! s  !i.:i:c:! :: rn:;r.; ! j y  3 lorlc !1u:!!jer, for exonple, 2.4, 2 
C.] - ' ". ~ u u , ~ t . - r  i:~. 2 ,i:i couLsr,r connect?d in  cnsm<e m!; hE. 
used. A :::arc st3hlc xrtlln! of countin? 2.: ,:,o;l.!k t: 

- .  . 
use o L : l ,  1 2 : i ,  i .: .;:I ;C;li;t"i i~ CU~;:!~. ;:iF 
counters opr-t? 2". r:!:%; c! ::I ar le is .  

FAILURE ANALYSIS. 
N o  Output. 'a .;?,:rtrL V ! ,  :: ::-::i.cr.i i i t i i ,  :": r r r ,  ;*,. "I -.I ,,,,. . ;  ' ,  , ,  q . ... . ' " . . . ?  -- . . .L  -~ _' :.;i,.::.:: 

ZanGll~a:~ .- rx ls : .  ~ k z c x  Dot- :-:;pclrars w:t+. rn :-- 
*xcu,t LCp"L,:-: C > L T % c r ,  

Inoccurole Output Rotio. 4 low cmisc>m nr C~C:!?! !::i,- 
, , ,  
. I  ul '. L ,  O: . li-l\v I cr I ' 2 ,  i-,>l mn?llrn -r .~ .. 
count. Check the tahes and i! an 1noccu:c:p caunt still 
F i ~ s i ~  ?!:err m:: ::px;tj;; ait i  x, iriin.:lrcult~opoclror 
cheikei. 

CHANCE 2 

COUNTERS 
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PART B. SEMICONDUCTOR CIRCUITS 

POSITIVE DIODE COUNTER. 
- 

APPLICATION. 
The positive diodecounter circuit i s  used to count 

pulses and provide frequency indication. It i s  main- 

it i s  sometimes employed os o frequency divider and in 

I 
Iv used in electronic timing and countinq devices, but el  

elementary types of computers. 1 - 
CHARACTERISTICS. 

Requires an input pulse of constant amplitude and 
time duration. 

Provides o wsitlve autput voitoqe with on overawe 
a x  ievei tnot 1s proportlonoi LO ihe input puise 
repetition frequercy. 

Voy 'be used to synchronize o biacking oscillator at 
1 s~~hrnul t ip l~ af original frequency. 

Requires an output circuit to provide a direct- 
reading output indication. 

7equires that limiting ond shaping circuits precede 
It. 

CIRCUIT ANALYSIS. 
Gcnsral. T:,e ps i f ive  diodesomte: cirKit i s  

used in timing or counting circuits which depend upon 
o proportional relotionship between the output volt- 
oge and the number of input pulses. It may indicate 
frequency, it may count the rpm of o shoft or other 
,device, or it may evpn reqlster the number of opera- 
tions. (This circuit is not the some as the binary 
or decode counter which is used in computers. The 
binary counter is discussed in Section 8, Port H, 
h.lultivibrota Circuits, and computer circuits ore 
discussed in Section 19, Logic Circuits). The diode 
cauzter es!cblishes a direct relotionship between the 
input frequency and the rcerzge d i  oljtpiit voltage. 
A s  the input frequency increases the output voltage 
olso increases; conversely, os the input frequency 
decreases the output voltage decreases. In effect, 
the positive diode-counter counts the number of posi- 
tive input pulses by producing on averoge d-c output 
voltoge which is proportionol to the repetition fre- 
quency of the input siqnal. For accurate counting, 
tiip ?xilsp repetition frequency must be the onlyvari- 
obi? porometer in rne input signui. '?neieiore, cura- 
fi l l  siapinq ond iimitinq of the input SP$UI IS es- 
senrloi to ensure tilut tile pulses aie of uniform 
width, or time durotion, and that the amplitude i s  
constant. ,.nen properiy iiitered and smoothed, tile 
ri-c output voltage of the counter may be used to oper- 
::e z ?:rcm-iec5!ng indicctcr. kith sll2':t modifico- 
;~cr,s, 1% ciicuit con also ke wed to coiitio1 0 b:OCkl:ig 
~scillctor and cause it to provide a triqger output 
which is swchronized at o submultiple of the oriqinnl 
repetiti:: frequency. (This modification i s  discnssed 
under the Step-by-Step Counter circuit, which appears 
later i; :L;; sectioii.) 

ci.r,~i. O ~ . . ~ + , O ~ .  Tninp insic uositivr diudc- 
. . . . .  , .  . ... L .  t <  

L"",:,=, -,,LULL ,a >,,um>, .,2 ,,,c "bLv..,P"..,.,.y ... "a.." 

- CHARGE PATH 

Positive Diode Counter 

tion. CapocitorCl is the input coupling and d-c blccking 
capacitor. CRl and CR2 ore semiconductor diodes, and 
resistor Rl i s  the load resistor, ocross which the 
output voltoqe is developed. For the purpse  of cir- 
cuit discussion, it is a s s ~ ~ e d  that the input pulses 
;re a! constan: amplitude ond tlme ?mation, and thcr 
only the pulse repetition frequency changes. 

Once capacitor C1 i s  charged, it assumes o refer- 
ence level a s  determined by the d-c voltage applied to 
the preceding stage, and the circuit remains in a quiescent 
condition until on input signal i s  applied. Prior ro the 
opplicotion of the input pulse, the autput voltage is 
zero. 

As shown in the following illustration, at time to 
the positive-going input pulse i s  npplied to C1 and 
causes the anode of CR2 to go positive. As a result, 
Z R 2  conducts and current i, flows through Rl and CR2 .- ,, L,,u,q= .L ..-. r-I ,,. P ,,.,,... ... ,, , ,e.e A ,. .,,, ".. mn outpat :fvohoge 
(e,) ocross R1 os shown in the illustration. 

The initial heavy flow of current produces o large 
voltage ocross R1, which tapers off exponentially a s  
C1 charqes. The charge on C1 is determined by the 
tlme constant of lwdresistor R1 and the forword 
diode resistance, m series, times tne capacitance 
of CI. For ease of explanation, it i s  assumed that 
C1 i s  charged to the peak value before time ti. 

At time t ,  tile iniiut Gqniii reverses whri ty  aii2 
uecanes :~ryctivt-jolng. A:ir,oiig!, the ct,a~qe a- C1 
cunnoi ciioilje tk,s opp:ied negative v;>;je 
i s  equal to or greater than the charge on C l  so that 
ine onnie 3i CF,i is mode rirqutive, und corlduaio!; 
ceases. ',?hen CR2 stops conductiny, output pulse e, 

-, :r gt zero, 3nq ' , . I  luickly :llscilorqrs throligh 3 1 ,  
since its ca thde i s  now negotive with respect to 
ground (anode is grounded). Between times 11 and 12 
the input pulse is aqain at zero level, and CR2 remolns 
in a non-conducting state. Since the very short time 
constont offered by the forword resistance of C91 and 
Cl is much Less tho; the 1ir.q time c o r ~ s t a ~ t  -. o!fered . by 
CF;i on6 E l  .juriciu tile cuduction oeiii j ,  L i  is  TOYS -. . - .  . 2 : .  . -  . " i.,r *nvDn^n 'Y" .r 'c ,c , ,  " i...-i.. r".r-r. .-. 
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Circuit Wavcfwmr 

input pulse there is on exoct amount of charge deposited 
in C1. For each charge of Cl an identicol output pulse 
i s  produced by the flow of i, through Rl. Since this 
current flow always occurs in the direction indicated 
by the solid arrow, the d s  output voltoge i s  positively 
polarized. 

At time 12 the input signal again goes positive, and 
the cycle repeats. The time durotion between pulses 
i s  the interval represented by the period ktween t i  
and tz or between t, and 14.  If the input pulse fre- 
nuency i s  reduced, these time periods become longer. 
Cn the other hand, if the frequency is increased, 
these time intervols become shorter. With shorter 
periods, more pulses occur in a given time ond a 
higher overoge ( d s )  output voltage i s  produced; with 
longer periods, fewer pulses occw and a lower output 
voltoge i s  produced. Thus, the d-c output i s  directly 
proportional to the repetition frequency of the input 
pulses. If the current and voltage are sufficiently 
large, o direct-reading meter can be used to indicate 
the count; if they are not large enough to actuate a 
meter directly, o d c  amplifier may be added. In the 
latter case, a pi-type smoothing filter i s  inserted at 
the output of R1, to absorb the instantaneous pulse 
variations and produce a smooth direct current for 
amplification. 

Consider now some of the limits imposed on circuit 
operation. Since the semiconductor d i d e  has o finite 
reverse resistance, there is a flow of reverse cur- 
rent during the periods when the diode i s  supposedly 

in a nonconducting condition. Although this reverse 
flow is small ot normoltempeiotures (on the order of 
microamperes), it increases a s  the ternperatwe rises. 
Therefore, at hiah temoeiotures and hiah repetition - .  
rates, the overoge output voltage will tend to de- 
crease because of the effects of diode CR2. Similorly, 
diode CR1 will tend to shunt some of the input signal 
to ground. Thus, the net overall effect with increasing 
frequency is o progressive decrease in the linearity 
(that is, a reduction in the proportionolity of input 
frequency to output voltoge), and ot very high repetition 
rates the circuit may become inoperative. Fundomentolly 
this is o design problem which can be minimized by 
proper choice of components; it i s  mentioned here 
merely to indicote why semiconductor circuits sometimes 
do not perform a s  well os their electron tube counterparts. 

FAILURE ANALYSIS. 
No Output. A no-autput condition may be caused by 

on opensircuited coupling capacitor, by defective 
diode CR2, or by o short-circuited condition idefec- 
live diode CR1, grounded CRZ, or shorted loodresis- 
tor R1). This condition can be easily resolved by a 
resistance check. Observing the proper polarity, 
check the diodes for o high reverse resistance and a 
low forward resistance. As a general rule, the re- 
verse resistance should be 50K or greater, and the 
forward resistance should not be more than 10 ohms 
(these values vmy with different types of diodes). 
Also, observe the input signal with an oscilloscape 
to moke certain that is is present: the point at which 
the sianol disaaowrs will aenerallv locate the defective . . 
component. 

LOW Output. If CR2 develops a high forward re- 
sistance, the output voltage will be reduced. If 
coupling copocitor CI  becomes leaky, either a nego- 
tive or o positive bias will k placed on CR2, depending 
upon the polarity of the previous stage collector or 
plate voltage. A negative bias on CR2 will prevent it 
from conducting, ond will also act as o forward bias 
for CR1, causing it to conduct continually. Under 
these conditions, Ci will constantly be discharging and 
the pulse willbe reduced in amplitude (depending on the 
amount of leakage). Heavy leakage may result in no 
output at 011, but it i s  more likely that the leakage 
will be light and only reduce the output. To c h s k  Cl 
for leakage, connect a d s  voltmeter between the output 
terminal of C l  and ground. If C1 i s  leaky, a constant 
negative or positive voltage willbe present. 

~ i ~ h  Output. (For a positive leakaqe voltage 
though C I ,  CR2 will conduct continually, and a higher- 
than-normol voltoge will most pmhbly be indicated.) 
If  CR1 develops a high forword resistance, C1 will 
not be completely discharged ot the termination of the 
input pulse. As a result, the output voltage will rise 
to a valueequal to the dc potential applied to C I  and 
remain constant regardless of pulse frequency changes. 
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NEGATIVE. DIODE COUNTER 

APPLICATION. 
The nqnt ive  diodcccunter circuit i s  used to count 

pulses and provide frliquenq i ~ d i c ~ i o o .  !t i s  mcinly 
used in elrctm~!ic tiinina and muntino devices, b~lt  it I S  

sometines emoloved as o f r q t b e w  divider rind in E!E- 

m-ntn?, t ~ , ~ a c  c! mlp::?n:S. 

CHARACTERISTICS. 
Requires an input pulse a! constant amplitude and 

time duration. 

..-- 
Moy be used to synchronize o blockins oscillator ot a 

submultiple oi arlqinol freqwncy. 
Requ i r~s  on output circuit toprnvidr c lir~rt-inadic: 

- , , . - . , . : - A  .--.. "~ " " . ~ " <  I ICYILYL iY I I .  

Requires that limitino md  shapins circuit; precede it. 

CIRCUIT ANALYSIS. 
tsner.4. The neamive d i o d m u n t e r  circuit i s  used in 

timlnq or countinq ciicuits which d e p n d  upon o proportionoi 
relationship k tween the outout vol twe ond t h ~  ntlrnber of 
input puises. it moy indicate trequenq,  it mny n :mt  thc 
rpm of a shoft or other device, or i t  m w  even reqister the 
numher of operotions. (This circuit i s  not the some os the 
binary or decode munter which i s  used in computers. The 
binary counter i s  discussed in Section R: Port H; Multivi- 
ha!or C::C:::!S, on:! camputei d i cu i t s  me d i s c u s s d  i n  
Section 19, Loqic Circuits in this Handtmk.) The diode 
catintFr es:uhIist4e:i u direct ielooonsh~p betnee" the ;nput 
frequency and the averoqe d-c output voltoqe. As the anput 
frequency incremes the output volfoqr also innecses: 
conversely, as  t k  input frequenq decrmses, the output 
valcqe 4- ~ec:ez;es. Ir, ef:ect, the nrqmive d i d r  
counter counts the number of neqotive input pulses by 
producinq an overaqe d c  output voltwe which i s  pm- 
p r t i o ~ a !  to the rcpctitias frequency of the input siqnai. 
For accurate countinq, the pulse repetition frequency must 
k the only voriohle in the input siqnal. Tnereiore, cmetul 
shnpinq ond 1irnlt1n.l o! t h ~  input siqnal i s  czscr.tiol :s 
ensure that the pulses "re of uniform width, or time 
duration, ihot the amp:itude 1s constant. When propeiiy 
r : , . ~  
81j,v1tq1 CIT:C! smcothcd, t k e  d-z c ?? t~u t  -;o!taae a! thc ,-a::-:?: 
may k x.cd to o"Prnte G diiezt-iead?nl ?ndicatlr. VVi!!: 
c , , " L t  ."+:,: ......o-. -..,,. ,,, u,.....,,, ,,s. the i i r ro i t  i n n  nl?e h iucd tc m - r - 1  

a Mockino osciliator and couse 11 to provide a triqqei 
outpst which ic sinchronizcd a: n siibmultipl~ cf thp or i t l l -  

x! :epe!it!cr. !rcq:;?:~~, !?.iz : ;~dificzt iar~ is :.SCU.,.,C: 

under !hi.  Stm~-I~-Sfep r*>t>ntrr circuit. which o p p ~ l r s  !of% 

in t!!,S Sectl0n.J 

c?::~:? cp=7~?ia,z. ?>.c %sic ?.c:~ti.;c : ,~2 .ec~" , ,~e ,  . , 
15 PCOWE In t'le occomporyrnq !Ilustrmior.. b i l c i t o r  CI 
is thz izpit  c z ~ p l ; r ~  md d% b l c ~ i i \ u  cupuci~or. 

0967-00&0120 COUNTERS 

Nrgotivc Diode Counter 

C X  m d  Cii2 me semlconauctor :sides, and resistor 
R1 i s  the lood resistor. m o s s  rit.~:ii the outpilt voltwe is 
developed. For the pumse of iircllii discussion, it i s  
assumed thm the input pulses are a! constant amplitude 
rmd time duotion, and t h d  onlv the p ~ i l s ~  r~peti t ion !re 
quen,-i c h o r , ~ ~ .  

Once ctpacitor C i  IS charoed, it ossumes o reference 
level as determined by the d% voltaqe applied to the pre- 
ceding stage, and t h e c i r ~ i t  remoins in a quiescent con- 
dition until an input siqnai is npplied. Prior to the oppli- 
cation a! tke ii;-,~t i)die, the i - u i ~ u i  ,voiloqe i s  zero. 

As shown in the follow~nq :Iiustrat:on, a t  time t. thc 
positive-qoinq input pulse is opplii,? to C1 and cmises th? 
anode of CRi t o m  ~ S ~ I V P .  k . ~  'i res~l ! ,  i:Rl conrilctz m d  
chmqes CL 

Ci charoes vevrmidiv kcouse  oi irs short time constmt 
with CRI, but there i s  no output at l!lis time k n r ~ s ~  there 
is no rurrmt llnw thmuqh H!. .A! !:r.e t,, thc inpzzt mlpli- 
tude suddeoly dmps from maximum wsl t ive  to maximum 
neqative. The copadtor connot dischorae thiouah CR1. 
' k a u s e  if mode of the diode i s  neqotive with respect 
to i t s  cathode. The onode of CP2 !lawever, i s  now p s i t i v e  
with respect to i t s  cothode and b i n s  to condoct. The 
capacitor voltuqe md tile oppl i~u  \,oitaqe now aid each 
other, and they produce a current flow throuqh CR2, down 
thmuqh Rl, to qround, the result bein? os illustrated in the 
&cqrcs. Ci k q i x  c ~ ~ ~ c ~ . , r v ~  t:icuut~ih i i i ,  t ie v n l t n ~ ~  
ocrocc U I, z d  hcncr :kc zurcdt u,>lt;,is, trrrlrls ro derreasp .... . -A-  r... .u*v:u. -c:c ct <;. ?Z .<;:2, czi G t  <>,##:. :>:fie 1,2tw*<, L 
md L, the capociior i s  chorqed to the new voltooe. DrW 
, . 4 .I : .e." .".,, ,. ...= ,,:+.,t. 

At U m e  t, the mput siqnai oqolr ooes positive, and the 
c?pzle rcpeo::,. T ~ P  time ,d,iiiif;c.tl ~ Y ! W C ~  ; J I J / S ~ C  i!-. ,he 
ictcrvc! rcoreir?,!~.! hy :kc p c ; ; ~ ?  L~t,<~;;i. :, iind I,, or k- 
rween t, ana t. if the input pulse freouenol i s  r duc fd .  
these time periods hecame lonaer. Cn the other hand, if 
the fiequenq is innwsed, these time intewols k o m c  
shorter. With shorter periodz. no:c ~ U ! S C S  O C C ~  in o miveil 

time and a hiahw overone !d<) ~ ~ ~ t ~ v : ' r ! t ~ q e  i s  wdi~ced: 

:a-8-3 
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Circuit Woveforms 

with lonqer periods, fewer pulses  occur and a lo..ver output 
w l t o q e  i s  produced. Thus, the d-c output i s  directly 
proportional t o  the repetition frequency of the input pulses. 
If the current ond voltaqe are sufficiently loroe, a direct- 
reodinq meter can be used to indicate t h e  count; li they 
ore not lorqe enouqh to actuate a meter directly, a d s  
amplifier moy be added. I n  the  latter case ,  a pi-type smooth- 
inq filter i s  inserted at the output of R I ,  to absorb the 
instmtoneous pulse  variations and produce o smooth direct 
current for amplification. 

Consider now some o f  the limits imuosed on circuit 
operation. Since the semiconductor diode hos o f 'nite 
reverse resis tance,  theie i s  o flow of reverse current durinn 
the periods when the &ode i s  suppasedly in a n o n c o n d u ~ t i n ~  
condition. Althouqh this reverse flow i s  s ~ a l l  at nor-ncl 
temperatures (on the order of microamperes), i t  lncreoses 
a s  the temperature rises. Therefore, ot hlqh temperatures 
and hiqh repetition rates, the overaqe output VOltaqe wlll 
tend t o  decrease bemuse of the effects of diode CR2. 

0967-00&0120 COUNTERS 

Similarly, diode C R I  w ~ l l  tend to shunt = r e  oi  tt.e Input 
siqnal t o  qround. Thus, t!le net over-211 ef:cct wit5 increas- 
ino frequency i s  a prowesslve decreose :n the ltnearitv 
(that is ,  a reduction in the propaitlnndity of lnpsut frequercy 
to output wl taqe ) ,  and a t  very b.lni: repetltlor rotes tile 
circuit m q  t x o m e  icoperative. Fundcmsrtally this i s  c 
desiqn problem whict, i on  k minimzed trv prooer cthoice 
of components; i t  i s  mentmned here nerclv to irdiccte r:$y 
semiconductor circuits scmet lnes  do not pc r fo r l  os -;ell 
a s  t h e ~ r  electron tube co.jrtciparts.  

FAILURE ANALYSIS. 
No O ~ t p ~ 1 .  A n W u t D ~ t  condition m w  !F c ~ > z . ; !  by 

on open cm~pl inq  cmacltor, hy defective diode ,752, n: :hy 

a short-circxtc,! co:, j::~r~:l ( I r f - c t ~ ~ c  :iio?e Y i ,  i : ~ ~ - , i e d  
CR2, or  shorted load resls tar  Ri) .  7Fcsc cmdit ions can 
be easi ly  resolvec Ily a resis tonce ckeck. ahserve tb.c 
proper polarity, on? c'eck the dladcs fc: o $!qt. reverse 
resistonce and o low for.#ard resistance. As o qenerol 
rule, the r e w r s n  r i - > - t m c e  should k 5CK ur arc,::?:. 022 the 
forword reslstoncc s t o ~ l l d  not be more tt:on i3 ahrrs ( t h e  
volues vary with different types cf diodes). Also, observe 
the input slqnol with an osci l loscope to r a k e  certoln thot 
i t  i s  present; the point at i t t i ch  the ;l.lncl disappears will 
qenerolly locote the defect ive companent. 

Low Outpur. If CP2 develops a hiqh for:,.ard resis tance,  
the output voltaqe wlll k reduced. If couc l i r l  capacitor 
C1 becomes leaky, either a negative or o positive b ias  will 
be placed on CR2, dependinq upon the palorlty of the previ- 
ious s toqe collector or plate va!toce. A pasi twe i i o s  on 
CR2 w ~ l l  prevent : I  fro::! conr!uctlnq, alrll :,:111 clso nct c; 3 

forw,ard hics far i 9 1 ,  ca,>.-inq i t  to candl~ct  continu3lly. 
Under these conditions. C l  will constontlv k cischorxna 
and the pulse  will be reduced in amplitude (depen?inl on 
the amount of leakcne). Heavy leokntle v.w result i r  r,o 
output of oll, but it i s  n o r e  likely that the leakcqe ,sill  be 
liqht and only reduce the o:rtput. To check C l  for leakaoe. 
connect n d-c voltmeter k t w e r n  the oi>tp,>t te i r inal  of '71 
and qround. If C 1 1 s  leaky, n constant ne2ctiue or aczi t ive 
voltoqe will be prcsert.  

High OYtPul. (For o neqa!i,ie l e o k o ~ c  :31:c7e !t,m .:!I 
C1, CR2 will conduct continually, ond o hikher-tl~on-normal 
voltoqe will most probchly be indicated.) If  CP1 develops 
o hiqh forward res i s twce ,  C1 will not be completely dis- 
chorqed ot t+e  t emlna t lo r  c! the input pulse. As o result,  
the outpi~t  vol tole  will rl;p to o value eqool to the di. 
p t e n t i o l  applied to C1 and rcmoln constant reqardless of 
pulse frequency chanoer. 

STEP.BY.STEP COUNTER 

APPLICATION. 
The step-by-step c c ~ : r t c i  1s used as a vcltaoe d i v d e r  

in tronslstorired cqolcxort  .xh,en it 15 ce:psia:v to arovide 
o stepped voltaqe o ~ t p u t  t o  c relcxatlon oscillator or on.! 
other device requirino a stepped vnltooe triowr. 

CHANGE 2 
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CHARACTERISTICS. 
Provldes 3 stepged iloltoqe a!>tnu: whlck. lncreascs 

exponentially. 
As the  nuzker of input pulses  increases for cne o u t ~ l j t  

p"!se, t i e  c3cn:ir.q c ia iac f  lecrio.,i~h. ., , 
c t ~ l i z e s  two sen~conduc ta r  diodes. 
One sten nf os!y! ~vclto:~. is c51;i;;d !ST i i d  ivi:r 

3! irpu: ~01:iqe. 

CIRCUIT MALYSIS.  
tcncrol. T h e  stcp-"--step cal.nter ( c o m ~ 3 r , l /  ref~rrei 

to cs rl-ply a step-counter) niavldes or  o u t ~ u !  ,wh~ch 
increases  exporentiolly in r,icb 3 , ~ ) .  !LC! :rc ;~ tpu :  
Ir,cii.::ec '?; c!?c-;tcp ;;crerent.i frr P O C !  -!,-I., 'i i~.p!!. 

. ,  . . ... ,., : ~ c t ~ ~ ~ l l , e ~ . .  le ' .e~,  : n ~  o!:r~:,r  'JFI!:-- .=,..'.- ~~ .. -' . 
!!rim pc:-t wh:ch Cause? s o r e  circuit, 5 1 j ~ / :  o r  o reioiotlon 

Circuit  Opcrot,on. 

lNWT 
WTPUT 

Basic Step-Counter Circuit 

,&,. , ,?~:r, no si,mo! o(.pi~..: !g th.c :r::,:t, t : : - r  :'. 7: -,.t- 
~2:. $,? !h,c ;?$,:. :i::,c! .. :.~.r.'~i~,,:, ..i inc- ,-z:x ~ r .  c 

, 
posiliv- dlrectinr., !I e : - ~ : i '  n: .!,. :'cccr?: -crc -:,:.l!li.? 
.L-. 
, , . " I ,  :I:, rn>Ii,<,,i,., <,"<! r;,e r:'",:- co",iu-! . ; , ' b ' r  ~ . 5 L  -c,- 
, , , , . ,  ... , , . . . .  -1 .. - 

. . . . . . . . . . . . . . . . . . .  , . 
of t . t  c ,  ! , 5 r e : .  ' a  ! I , ?  .- I I . I .  A .  I t . r , r  the cake 

I . " . , . . . ! ,,,.. . . . . .  . . . . . . . . . .  <;,;! ::: :,,. !";, "03 g,!,<, !,,' . r . . .  . . . .  , ,. . : . . . - I . -  , ~ 2 ,  

. .~ . . 
, , , . . .  .,,. ..,.., . " ,--- . .  5 -  . . . .  

nV!t tenth, rr in t h : ,  cy.2-;!c, .. n l t i .  .A! !.I;,c t,, . . . .  , . .  . t F  ,.:: . ,,,,I . . . . . . . . . . . . . .  - .  . , , . . . . . . . . .  
. . . . .  

7."t!. :.! :!.- . ,::, L : . . , ,L ,  , : ,  , ,Ak ,u ., , -. 
"Pol- ., ..+.\.,.ti(!-, , <?., ',. . . . . . . . . . . I .  - -  -- ....... -. . . . .  
i,. ::,? c-l;li. 0,. /-.-,I 1.. 'n,;p ..,.. ;,a,-,. . LZC 

,. . 1 . . .  .......... <. ,." . . . . . . . . . .  , ,,,, , ;  ,: . ..% u2LIu:e "1 I i .  
c l l t  ?:,. .,:;.. : ..,. .. I :?, A.r. . . .  ,:. ..r 1:; -ru. . . . . . . . . . . . . .  .....I, , . i  I .  il! I : ' ,  

.L . . . . . .  .. . , L C  ..!>1., .u; .:,L,<',:. c., ?<,.:r,,';?iy, >,;t .!.!.: ::':'e .,L.L 

connor r - r c i i - r  , ln i : l  t ' c  :.'u!.t !,ecc?r: --,-?I.-- t l c n  ;C 
""),- .' -I .?.,- - .  " ,  ' .,. . . . . . . . . . . .  I ,  . . .  35: '.;-'. :ill 
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C2 oqoin chorle; to cnc t e r t t  ol the total ovai lol~lr  voltoqe. 
The total a v a i l o 5 l ~  vol!ole ot this  tm?, ~ O W ~ Y P T ,  i: PO 

lonqer 100 -volts, hut ILIO :nits m i n u s  the 10 volt rho;or 
on C2. Tih~s, the flrst cycle  of input p:nrl.tcd n ten volt 
charqe an 2, hut ti.- : .~mn! cyc le  odded an!: cr, o ld i i~ona l  
9 ,volt:-, ;.hick ?-  an? !cnti: 1':- qxiontit., c l  10: volts iiintj; 

rbe iii -?oi! c-crqe on L'i. h3f t b , i  same token, the third 
cycle  adds c d y  or;r tcrt?. sf 8 i volts,  wi,ich rcstdt:; fror 
liji! vcitc r in ! ;  ti:e 19 ,,?It c 5 0 ~ q e  on 22. Coctl udr!itionnl 

cycle  prx.ideli an e.ponerltio1 increase in the  some manner. 
It is for t h s  r-cson tk13t !b.e OCCIIIOCV ~ C C ~ ~ O S ? ; :  (I:. the 
ratio i:creose-, keci8~if as  !i:e rotio kcom?: t m  qrec!, 
t i e  hlrrler stew .XCC-P nlmost ,ndiste:nii-lc. 

NUMBER OF PULSES APPLiED TO INPUT 

Wavelorm oi  Step Voitoge 

:,, ,,hen tile counter is used t o  trioaer o relnxotinn 
oscillator, the oscillator hios i s  ndjusted t o  ca:xe tri7- 
oerlm a! a SOL.CL!~C sten. ,"!Len I) t. ie!o%-!ion asci!!n:a: 
drow: --rid r i i i e ~ ! ,  !t ?!scI-::,ies C2  ~ n , !  tt,e c\IcI-- i c ~ m t r .  
;P.e Sep-:our:tur, l i e ~ e i c r ~ ,  terumr.? u frequency r!~vhrirr, 
sopp!?lnl one alltoir! tr!lo?r for a n u m b .  n! In?,:! !r!,?err. 

As ore,>icoslv -pntincc?, cc!!n!in:; ~.!;!:ilitv i; , i i -  
. . *., , , ,  ,. :,,  ,.,-,,., - ,..,.. ",.," .-*,, ". -----::,-- '~'" . . . . . . . . . . . . . .  
., . 
.,.i!. .: i L  ,.-:, :t.. ::>-Oil-:! ?: 7 Ic?:,. .:.!lnipl, TLP.~!I. - .  , .  .; ?.,! ".-- ..?7F-. .- . . . . . . . . . . . . . . .  . . ..... . .  .;. . ,,cc,.-., . i;, ,:m~.ccsc. 

O~LY he iu-ed. . .  :zrri ::a!llp :nethod of ciiintinn ' . I  -.vnulri 
. . .  . . .  Li: t r  : -:  or*, 0 .,: 1 rc,,,r,t<T > "  ,- .,--"e,,. ,*"". 

.:ep c r  .::It:: , r<.r.::r 0: r 7 , -  - c,t 5: j ,,, 1";:. . .  , . . . . . . . . . . .  ........... . . .  iLii.i;il; 0: 1 1 ~  ,:lwJe 
, ,  , .  - . . . . .  ....................... . . .  - lll:. -,t l .  I >  - 

leunu:?;  : -,:,, .:r , I .  1 . : . .  ..,, . ,.-. 1 .-::-.:. .; 1 '  b,. .-:...!..i!lt.. . Seca,.:c- : t , i  :,ole, ;.'!ci :>;i. ;-P:~r?P1 f". < I  Cra !,:?a? 
,.which, .:,!I "C.." - l. .! :!~.:c::rr :r:~:tar,cc, :,o ! ~ I < I :  t i l t ,  

::I,; !,~:.,,a ; : :  ,. ,;:,,,>.: 1 , J . , j  t i , .  ,!,,.rb.cr!? , - n  ,*,I1 
be 'vcr; !=:-,e. 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 0967-000-0120 

FAILURE ANALYSIS. 
NO output. A shorted CRl, a non-corductin~ (open) 

CR2, m open or sharted output ~7~aci!or  CZ, QI o sho~tnd 
couplinq copocitor CI, rnoy cause a nwutpt>t cordition to 
exist, Check both capacitors vlth an in-circuit capacitor 

checker. Check the dicdcs .with an 3L-rri~retcr, be~r.c x r c  
to observe thc proper palorities, since on erroneous irdl- 
m i o n  moy otherwise k ohtoined. For tile special case 
where the diode i s  m t  completely shor!cd, hut reods o very 
low reverse resistance of, soy 200fhhms or less, the 
dicde may be considered defective. In good condition, lhe 
dicde reverse resistance should be Yl,OW-ohms or better. 
with a forword resistance of obout 10 ohms (these values 
will vory fmm type to type). 

Inoccvrote Ovtpvt Ratio. A low conductlnq. or o 
complete or partial short of C R I  or (JRi, oi o leaky Cl or 
C2, con produce on inoccurate count. i . e c k  both capoci- 
tors with on incircuit capacitor checker. If an inaccurate 
c m t  still exists, c h s k  both diodes with on ohmmeter, 
being sure to observe the proper polarities, since an 
errcneous indication may otherwise be obtained. For the 
s p x i a l  rose  where the dicde i s  not completely shorted, 
hut reads a very low reverse reslstonce of, say 2 0 h h m s  
or less, the diode may be considered defective. 
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