
ELECTRONIC CIRCUITS N A V W I P S  

SECTION 17 

WAVESHAPING CIRCUITS 

R Z  DIFFERENTIATOR. 

APPLICATION. 
The PIC djffCrentj3tor is to a pip or peak. 

ed waveform, for timing or synchronizing purposes, from o 
squore or rectonqularshaped input signal. It i s  also used 
to perform the electrical analcq of dillerentiotion lor compu- 
ter opplicotions. It moy also be used to produce spcif icolly 
distorted waveshapes lor specic! opplicotions, such a s  
trigger ond marker pulses. 

CHARACTERISTICS. 
input woveshape distorted (nonsinusoidali. 
Short time constant R K  network used. 
7 

rur~cliuns e s s en t~a l l v  a s  o high-pxs fi::er, 
Output token from across the resistor. 
No amplification produced. 

CIRCUIT ANALYSIS. 
Genarol. ?he output of a dilferentiotor i s  proportiono! 

to the rate 01 change of the input siynal. For o rising 
(positive-qoing) input the difierentiator produces o posltlve 
pulse, for a lolling (negativegoing) input it produces a neg- 
ative pulse, and, for o constant input it produces no out- 
put. The diflerentiotor electronically simulates the moth- 
ematical operation of tokinq the first derivative. k o n d .  
:hi;& on? !o;:tL derivctives ~ c y  be obtaincd by casccA;ng 
on equivalent number of diflerentiotors. Theoretically the 
Afferentiotor i s  occuiote only when the output voltage i s  
very small in comparison with the input voltage. In practice, 
this i s  achieved by using the shortest possible time constant 
for the highest frequenq component involvedin the wove  . . 
iorm k i n g  dif!erent;ated. Foi i3~ilp~:ei, fire contra:, an^ 
similar operations, differentiation of the basic signal 
voltoae produces on output voltoqe that represents the speed . . 
of the ohlect, double dillerentiotion yields the cccelerction 
of the object, and triple differentiation the rate of 
change of occeieration. For timing ond synchioniz~nq use, 
3 shc:~ ; d s e  i s  prodaced fo: each !ending e4qe ad trail- 
Ing edge of themput woveform. Although the c~rcui t  pro- 
vides no ompiificot~on, lor a square-wave Input the peak 
niitmt of tbs d:ffn:en!?~!or 1s twice that of the input sjqnai. 
r? ?cs?t?ve pulse being produced far h e  positive ieodinq 
rdn r  ilnri a nrqouvr PII/SP for the neqotlve trojlinq edge. 
For other nonsymmetricol waveforms, since no d-c component 
. ; -  - - ,,,,..>rd . .. t+,roii7t, the coii;!inl capxito; ,  c peak au tp~ :  
1;:s :hzr. :t.e x z i m j r  is ;%;;;.e?, ;n? :he :;:;;I 7ioue!o:; 
2s orranzed a h s ~ t  the overage value os o zero axis. 'When 
dlifeientioted, o triangular pulse wlll produce a rectongular 
;,t-,j:; ; ;ii,~;;;?ci ,.i;vc w;i! no: 5.c cLcz;cd i- shape, 
but the slgnol w;ll k s h ~ f t e d  i n  phase and reducedln am- 
plitude. The , sccompnj in j  fiqure i!!~;:;;:c; :LC .:0:13iiS 

outputs for different input waveforms. 

r.._..:.n____ ..-- -. . - - , . - - . - . . - . . . -. 
8 ne &,sic ?.-tZ t j i i k r~n i t~~ i ,> r  i>. hi>ww(,  ; r 8  ci8e f " l h i 8 ~ q  . . 

schematic. The input i s  applied between the capacitor and 
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Differentiated Wavefomr 

ground, and the output i s  taken across the resistor. Usually 
this R-C combination constitutes the input or interstoge 
coupling network; especially where R-C coupling i s  used. 

When the reactance of capacitor C a t  the hiqhest f r e  
q,ency to k p s s e d  i s  neglibible, the er.t:;c i-put vo1:oge 
i s  applied across the resistor. The capacitor quickly 
charyes on the leading edge of the input pulse, and this 

m 
INPUT 

OUTPUT 

Dilferentiatiap Network 

hiqh-frequency signal i s  passed, essent;a!ly without ottenu- 
ohon, to the input of the followinq amplifier or mntrol 
s!nge. When the time k tween t h e  leading ond froilinq edrjes 
of the lnput signal i s  ielatively lonq (greater than 10 t lne 
constantsj, tne copacltor cnaryes, producing a peaked wave  
!on ,  gnr! remoinr in t h . ~  rhilrqed mndltion \until the troiilng 
edge occurs. Tne trailing edge then allows the capacitor 
^L^...D i,,".il. .̂  .I ho 1- i-".prrd .,l.r. """-" nr.nrc the  ,~..i<,"l -.-., 
tor discharges, producing another peoked waveform; however, 
this time it i s  of reversed polarity, after wh~ch it remolns 
nt :est unti! the next input pulse. The wssaoe  of the 
.L :.. .L L ."?: -.-. 0 4 -,,- 8-"" .he ,,*, .",.o """"IIIIq LlYiSlil LIIIUYUII I C * I > L Y I  ,, "..L.VII" .,.- 1-..-*- 

which is the output 01 the dltterentlator. An exaggerat& 
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version of the differentiotor current and voltoye waveforms 
i s  shorn in the following illustration. 

Diffcrcntiotor Current and Voltages 

+IWV 

100 150 
0 I 

The exact functioning of the differentiator i s  easy to 
understand by considering the charge on coupling capacitor 
C, shown in the schematic drawing. Referring to the current 
and voltage waveforms of the preceding figwe, assume o 
lCC-microsecond square-wove input, with a l0Uvolt ampli- 
tude. At time 1.. copacitor C i s  assumed to hove no charge, 
and the leading edge of the square wave i s  opplied. Since 
the charge, or voltage on the capacitor mnnot change in- 
stantaneously, but takes o finite time, a high cwrent flows 
through resistor R and creates a large pulse of voltage, 
which i s  in effect the leading edge of the square wave 
passed through the copacitor. Dwing the intervol between 
time t. and t,, the capacitive charging cuirent through C 
decreases in an exponential manner. The time required to 
charge or discharge the capacitor is determined by the cii- 
cuit time constant. In this instance, assume that C i s  1W 
picofarads and R i s  100 kilohms; thkn the RC time constant 
i s  10 microseconds. From the universal time constant chart 
in Section 2, it i s  seen thot in 50 microseconds (5 time 
constants) the capacitor will hove charged to 99.3% of the 
maximum possible charge, and that in 1W microseconds 
(10 time constants) a complete charge (or dischoige) i s  
assured. The current and voltage illustrotion shows the 
capacitor charging current for the lCOmicrosecond period 
(the figure i s  also a representation of the output voltage of 
the differentiotor). Betwem to and t, the square wove 
amplitude is constant and, since there i s  no change, the 
differentiator does not produce an output. The capacitor 
voltage changes from zero toward o maximum value of 100 
volts (assuming no losses): the charging voltoge is bucked 
by the capacitor voltage, thus producing the exponential 
charying rote. By the md of period 1, the capacitor i s  fully 
charged and the negative-going trailing edge of the input 
signal occurs, causing an instantaneous high flow of dis- 
charge current through R. Between t, and t, capacitor C 
discharges in o manner similar to thot of the charge, and 
the negative differentiated spike i s  produced acioss R. To 
be a true mathematical derivotive of theinput voltage, 
the capacitor voiroge musr equal fie input voltage, and tine 

To 50 

-1oov 
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cwrent will be proportion01 to the derivative of the input 
voltoge. This condition can be appr-ched hi reducing the 
voiue of R until practically all of the voltoge developed 
appears across the capocltor instead of the resistor. At 
this time R is practically o short circuit andno output exists. 
Therefore, in practical differentlotors, the time constont is 
reduced to os small o volue os possible. Usually o time 
constant of l/lOth the period of the input pulse produces 
satisfactory output spikes. The effect of reducing the time 
constmt can be understood by referring oqoin to the pre- 
ced~ny illustrotion of current and voltoge waveforms. 

Assume o time constont of only 1 microsecond; then in 
10 microseconds the copacitor i s  fully charged, and the 
circuit rests for 90 microseconds until onathei change 
occurs. Actually, since usually only the top portion of the 
differentiated sigmai i s  selected for use, the approach to o 
true thin spike is practically achieved and the effective 
charging period occurs for only a fewmicroseconds. For 
timing, morkei and synchionizing uses, the width of this 
spike in some cases is not very critical, since the leading 
edge rather thon the trailing edge i s  used. Where the trail- 
ing edge is used, the width of the spike is important. In 
compute1 use, where themathemoticol analog i s  importont, 
both R and the time constant are reduced to the lowest 
possible value. Practical limitations imposed on these 
values are theinput andoutput resistances of the stages 
between which the differentiator is connected, ond stray 
capacitance across the differentiator output produces a co- 
pocitive voltage divider effect, which limits the output 
voltage to a lower value thon the applied input voltage. 
Also, when the percentage change in capacitance is on the 
order of 20% of the value of C, the RC time constant i s  of- 
fected. With the example qiven in the fiqure, o stray co- 

TI T3 

2W 

pacitance of 20 picofarads(because of wiring, partsploce 
ment, etcl is onefifth (or 20%) of the volue of C, and this 

USEC 

k c  OR e~ 

would effectively change the charge time. Or, considering 
the stray capacitance os producing o frequency-selective 
effect, it i s  clear that the high frequencies in the input 
signal (which muse the effect that the differentiator utilizes) 
would tend to be bypassed to ground, leaving only the low 
frequencies, which have a slow rate of change ond prodme 
little effect on the differentiotor. 

FAILURE ANALYSIS. 
No Output. Since only two components are involved, it 

i s  endent thot only m open circuit at the input, or a shon 
circuit a t  the output, could produce a nwutput condition 
(open copacitor or shorted resistor). 

0I.tort.d Output. Only o change in camponen1 Values 
or associated stray copocitance and resistance values 
could change the time constant und wnveshapes. Distorted 
output is usually coused by improper input signals. When 
checking the waveform ot the differentiator, the effect of the 
shunt resistance or capacitonce produced by the test in- 
strument input should be considered. ~hen.distortion i s  
discovered in the following tube circuits, it i s  probably 
caused by improper action in these circuits. A direct check 
of the output a s  compared with the input to the differentiator 
using a highimpedance oscilloscope, will indicote whether 
the circuit i s  performing properly. A shorted copacitor or 
an open resistor would cause the output to be a duplicate of 
the input (no differentiation tokinq ploce). 
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R-L OIFFERENTIATOR. 

APPLICATION. ." 
1r.ei'-L iiiferentiotor i s u s e d  to &stor! on orp i l e i  lave-  

for  m (r.,C:, . I .  , - . . --I.Or Y .  ,nvej into .I reilkeri >,?a,,e for t i e  pur- 
, , 

p ~ c  G: p r u ~ i . l i , , ~ i r i . ~ c ~  u 1 ~ ;  t ~ u l ~ r r  p : ~ i s r s .  11 i sn iso  . )sen 
to eifctronlcoiiy pr torm t?,c mothenoticnl function of dif- 
Irrwltiutiwl ir! cw:tputers, uni  iar s e ~ r m i n ?  rrle i.rrr!zntol 
sync in t c l e ~ i i s ~ c n  rccc!,wcrs. 

CHARACTERISTICS. 
P i o d ~ e s  dis tor t im of the i r i 9 ~ ;  r~uveiorm. 
. . 
n a s  I ~h311  !:mc t~ : : s !c r t .  

. . ",,,tn,., ii ,-.i."? i,. . . . - . - -  - .  .... vu.ru. ... ." "~.." .... ~ . , < ~  .-,-.. 
F:mctionsessentialiy cs o tllnh-mss fliter. 
O u t p ~ t  i s  si::,!r;; tc. ti,c 3;;;. , I  "i :;- Si^ ; i i i e ; e r t i t a i .  

CIRCUIT ANALYSIS. - 
Genemi. ii ,eohtput oi ohfferent lotor  is praportlonoi 

t o  b e r a t e  of chon;e a! :>e i:;.;t si;rzl. ' z :  2 risi::; !>mi- 
:ive;oinq) :-put ti..e;!ifir;c;t;n-,: -,;*,;.:;: : iasiiiis p&e, 
for o fallinl ( n r p t l v e  ;nlr:j input i t  ;rm;:es c 2 ~ 3 ! i , e  
pulse, and fw accnstant  input I! prduc-s na al:t?:t. ' h e  
diffecentiotoc electrw,it:o:ly ::iro~~ic,t,w r; v ~ ~ ~ ~ ~ ~ - h r ~ ~ m ~ i c ~ ~  
operot~on oitaning the 11rst deilvatlvr. S~cond ,  third, ond 
fourth derivatives may be obtained by ccsco i ing  on cqulva- 
lent number of differentiotors. Theoretlccily the ?ifit:- 
entiotor isoccurole  only when tile outpllt voltaqe i s  very 
sma!i in comwlison $,,]tit (!,e ./sip Jqe, ic pr2cz:c ", 
t h i s i s  ochieved 3y usinq !he shortest posclbie tl-c :onstan! 
for t h e  hiqhest f r e q ~ e n c y  conjonp;! i w c i v u i  i:: tlv,.;,,jve- 
form kingdlfferentlc!~!!. Fcr cnrp!!t-:, i l r ?  7?r,!rmi, -:r-. 
simiior operations, 2 i f f e r e n t i ~ t l ~  i! t>e k s i ;  ;I.;:;;: vait- 
uge produces an wtpu t  v0itn:e rtnt r%+resents t2e s p e c  
of tile oii!rci, riuubip iiifferentinrlnn y i ~ i i ;  ! b ~  in,- ni ~ h " o n y  

... "i nr"n I,,. ^ti^F r". .,.*,..- -"> .....- :.- - -L..- . "  ll-.-. "'."... . ", .. ......., ",id Il..i... ... L'...l, UIC," . .  1," 
pulse is prduced  for e x ! :  !t,- ii:::. e?-c 2-2 !:r?!in,; c ? : ~  c f  
the inptit wovefor::.. 

Circuit Oprot ion.  A s c h e m a t ! ~  ot l b c s l c  P-L ;life:- 

ono me output 1s t o w r  across 

"".,,"" " .," " ..... 

- - 
Basic R-L Differentiator Circuit 

p a k v i  wi>vefor!n r> :~ !w: r .  r c s t ~ c  g g t ~ ~ !  vg!!~:~. !?.iZ ~ 2 : -  

p;t .ravefa:r:: Ira: z sb3w h c t  i s  sirnilor to the output oS- 
tamed from on H/C !~fferentiotar. 

Tneexoct functionir? of the differentiotor moy he -osier 
understoai hv rc:cri~ii.; t o  the accornmnvinn illustration. 

/'+sEc-= I 
INPUT 0 

t ~ l  1 l1 t l2 '13 
! 

..... . . "- . . . u,,? ...... .- -. . . . . .  . . . .  ,... ... ,...-- . .-" - ". .,: .... 
.. 

Y -  i i ,  A ~ , ~ Y I  a i ~ r l ~ .  , i  ;i.. ,= in, i;:? I , u i p ~ ~ t  ,s Y i.jj:Llre 
. .  .......... 1 .. . . . .  1 .--. ; , .~ .... ., ......................... "- -.-* --. -- 

rpS,st"r y ii I.?., t ! . ~  , F a  .,, <,m nf'nr, nf i ii. 1" ......... i . . i>- l  ... ......... 
I I I ~ I U I ~ I ~ ~  u 'wed i-lli L ~ ~ U L  eqwis me U P P ~ ~ &  siqnlii C I : ~  

prevents iirstoni current iiow t!lruuqil tile indnctor. T+:(i;~er 
Ilme i, and 1, currrntarqll:s to !iow throuqh lnductor L. 3r:: 

a small voltaoe ?roc i s  devriorp? across  rm!i tvr  P. 2. 

tb.e :;rrs:.,t :ic,t; ::,;L~T:. ? ::,-rc~r,cs, 1k.e ,"sltd~:c ,::x 
/ ""  ............. ............... ........................... -. .. , . T  .. , . - , ,  . . . . . .  . I - . (  .. - .-: , , . .  .......... . ,  . - .  : . . .  ,. ......<. . ,> ., ..,.., .c.ril., . I...,Y.aLl#r .,. , ,  8 , ... 
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is decreasing, and, since the o ~ ~ t p d t  is token ocross  L, it 
is a l s o  decreasing (the dec re l se  of voltoge across  coi l  L 
r e p e s e n t s  the voltage used in building ' ~ p  n magnetic f ie ld  
a r m d  L). Tne  sum of the voltage d r o p  ocross R rmd L 
equa l  t h e  opplied voltoqe. The c x r e n t  throuqh induc ta  L 
increases  exponcntiolly and the voltoqe ccross  resistor R 
i n n e a s e s  likewise. Since the timeconstont assumed in t h e  
illustration is 10 microseconds and the pulse ,width i s  1 W  
minoseconds the s t e a d v s t a t e  condition i s  reachcd before 
t h e  pulse ends. Since there now i s  no chanqe in current, 
there is n o  voltoge developed clcross the inductor and the 
output voltage is zero. At t l n e  t, t h e  trailinq edqe of the 
input pulse occurs ond drives the s g n a l  in oneqotive direc- 
tim. Instantly o negative 1CC volt spike appears ocross L 
and a t  the output. At thesome time, the field around t h e  
co i l  col lapses  and produces o current though L in the o p  
p i t e  direction. During time t, to t, the n e ~ a t i v e  voltaqe 
a c r m s  the inductor decreases  exponentlolly while the cur- 
rent increases  expanentiolly. A s  thecurrent flow throuqh R 
increases .  the voltooe drop ocross  i t ,  l ikewise increases, 
and the sum of the voltage drops ocross R ond L equals the 
avolied voltooe. With the 1: microjeconl! time constant . . 
and 100 microsecond pulse width, the steady s to te  conditico 
i soga in  reached before ti.e pulse ends. Since there now 
is no change in current, there is no voltaqe developed ocross 
t h e  inductor and the output ,voltage i s  zero. At time t,, the  
posi t iveqoing leading edge of the p ~ l s e  o p p o r s  and the 
cyc le  repeats. 

?he accomprnying illustrotion shows the differentiated 
output waveforms for several different input ,waveforms. 

Differentiating Effects upon Different Wovefomr 

Althouqh the circuit provides r;o amplification, for o 
square wove input, the peak output of the differentiator i s  
twice thot of the input signol. .4 positive pulse i s  woduced 
for the positive l e a d i n q e d ~ e  and o neqative pulse fa the 
negotive trailing ed,qe. 

With a s i n e w a v e  input the outputremoins a sine-wave 
asshchvn in p i t  B of the illustration, the only differences 
being thot the output sine-wave i s  of a smoller amplitude 
and isodvanced in $ o x .  P1c advance for a perfect dif-  
ferentiotor i s  90 deqrees, but 89 ?e?rees i s  not uncommm. 

T h e  sawtooth, shown in part C of the i l lust ta t im is 
cmver ted  into o law o m p l i t ~ d e  s q m r e  wove. Par t  D il- 
lust ra tes  e f f e c t  of o differentiator upon t i e  application of o 
complex waveform. 

Since the inductor h a s  distributed ( t l r n s )  ,:3?acitance 
across  it ,  undesired resorant  resoa-ses c ~ i  sca m L-3 
circui tscmtaining large values of in!~ct3r,ce: tt.?refcre, 
the use  of these networks i s  usuollv I i ~ i t e c  t c  t . i2i heq'lency ~. 
opplicotians. 

FAILURE ANALYSIS. 
NO Output. Since only two conponents a re  invclved, i t  

i s  evident that only on open circuit ot the input, or a sb.ort 
circuit a t  the output, co l ld  p r c d ~ c e  a no-output condi t~on.  

Low or Distorted Output. Only o ihonqe in c0mponer.t 
volues a ossocioted s t roy c a p c i t a n c e ,  inductonce, clnd 
res is tance values could chon?. the ti:e consloqt or3 wave- 
shapes. Distorted output i s  usually c o ~ s e d b y  imcroper input 
s i g m l s .  When c h ~ k i n g  the woveform s t  t i e  differentistar, 
t hee f fec t  a f  the shunt res is tance or copocitonce ;rodxeed by 
the t e s t  instrument input shacld be considered. '!lt,en bis- 
tortim is discovered in the fallow in^ vdbe circuits,  i t  i s  
p r d n b l y  corlsed by improper ac t io r  in these circuits.  A 2i- 
rect check of the output a s  c o n w r e d  with t i e  in?ct of the 
differentiotor using o high-inpedance oscilloscope, will 
indicate whether the circuit i s  performing properly. A 
shorted resistor or on  open coil ,would ccuse the o ~ t p u t  t o  be 
o duplicate of the input (no differentiation t a k i n  place). 

R C  INTEGRATOR. 

APPLICATION. 
The RC inteqrotor i s u s e d  os a ivaveshaping newark 

in radio, television, iolcr ,  ond campJters, os well a s  aony  
other special  electronic applications. 

CHARACTERISTICS. 
Input woveshape distorted (non-sinusoidal). 
R d u c e s  a distortion of the input waveform. 
Provides o wider range of time constants than on R-L 

integrator. 
Has o lonq timeconstont. 
b t p u t  i s  taken from across the copc i to r .  
Has the confiqurotion of o low-pass filter. 
No amplification i s  produced. 

CIRCUIT ANALYSIS. 
t e n e ~ a l .  Tne  RC inteqrator circuit wsrks in almost 

evoct oppasitian t o  the RC differentintor. It hcs  a lorq 
time constant, and the output i s  token from ocross  tt,e :a- 
~ c i t o r .  'Ihe time constant of the inteqrator c i rc l i t  s h o ~ l d  
be 5 times (or  more) the period of one clternotian of the 
input waveform, for thecircuit t o  electronically p r f n r n  the 
mothematical owrat ion of inteqration. As in tb.e :sse 31 the 
differentiotor, thisact ion in practice i s  opproxi-rcte, b l t  
the  approximation con be made very close.  

The  hiqher the resis tance in the P C  internator, tt.e 
m a e  c lcse ly  the output voltaqe fallows the idecl inteclrotor 
woveform. However, the hiqher this resistance, the smaller 
the output voltage. Conversely, decreasing the resistance 
in the RC integrator circuit,  results in o shorter t ine con- 
stant ond a higher output voltoge. However, os the resist- 
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once i s  reduced in value, th- a :~ tpu t  ,,oltcge ? e p r t s  fror. 
theideal  intesratoi waveform. In fact if the resistance, 
(and tune cons lmt )  of the R C  c~rcuit u sufflcientiy reduced, 
a pamt will be reoched *here the circuit ra lonqer octs  as  
a n  integrator. 

The  output of an integrctor i s  ir, the forn of c voltzqe 
.L ~ l r u i  irplrserlls rile average energy c o ~ t e n t  o! the inpdt ;i;- 
noi. For exompie, if the input is o steady d-; valtcqe, the 
saliie voltage wlii OFpeor 21 tne o u t p ~ t ,  but, i t  t?e L ~ F L ~  IS 

in the form of o se r i e s  cf ncrra-, ;:i?ely s e w i o t e d  valses ,  
theoutput voltore will be onl: c frcctior cf the input ;.ulse 
vo lue. 

Circuit Oprot ioo.  A scherbat ic  oi c o a s ~ c  R 1  1ntPlratri 
is shown !n the c c c o m p n y i ~ q  ilhstraliorr. 

I 

,,,PUT i -C OUTPUT 

Boric R-C Integrator Circuit 

As the square wave v a i r n g ~  opplied !n !"e !rp2! n! !ke 
"i r?,, ;, "-" -,-:* ,,,- +L" - - - - - z . - -  -L-.--~ --... ,., .... -utULILub Lblufi,dca r r ~ ~ t l ~ a i i u l ; y  
a t  o rate de te rmind  by the time constozt oi the ::::dit. 
This  time constont i s  c c l c a l ~ t t d  SV z d l t i i . l y i r ~  t : l i  value 
oi  theresistor by the vols~e of the ccpccitor (T=f?C). 7m 
instance, a circuitcontcinlnq o lCOK resistor a n  z X pica- . . 
farod c a p c i t o r  would hav i  s t i n e  conitnnt cr 2 .n!cros?ccclz, 
and ii tiie voiur oi tne ;;;x;:;r;a ,::3s !~c:iclii; ten tlmes t o  
50G picofarads, tne time constcrt ':!oul? be ten times !onler 

i s  produced. '!?e ; 
tao1.h qcrerc!?rs n 
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ing 6 Long t m e  constr:~.! ; I ICLI~ ,  and to use only the stroioht 
p-,:t~on of tt,c ?x~onen t l a l  cl!3;ge ;.;o,ieforrn !or linearity. 

Tneoccomwnyinqwoveform illistrntion shows the 
integrating e f f e c t  of various t i l e  constants on n sql lnr~ 
':,w;e, 

INPUT 
WAVESHAPE 

SHORT TlME 
CONSTANT 

MEDIUM TlME 
CONSTANT 

MODERATELY LONG 
TIME CONSTANT \ / \ 

V v 

EXTREMELY LONG 
TlME CONSTANT 

Effects of Chonging Time Constant 

As can bc seen from t i ie ,~aveiarms in the illustrotion, 
o short t i ~ e i o n s t ~ n t  inieqrotor dces norchonge the ~ n p u t  
wo.i~form VPP: *lr"-rc-t tc ?ic!o:t 5.c ki;b, !ri;-c;:) 
portions01 the waveform ( l e c d i n ~  -r.?trcilinqedqes), and 
the lo;; heqie::) (:kt) 2ortio;l :s procticolly mchanqed. 
" ~ .> , . >  I . ,v ilp- cc~ .c tcp t  i s  Cr?r.:ci t 3  2 rnd:~,?, ;cli,,= :(-i 
canst-nt,  tibe, :;,>v~-cha;e , + 7 ~ 2 r i  !? ! k t  of s m::n:i~?-di 

. . .  .,,"" , , -1.. " , " V  ~.~ i ! l~ l  Il !!lr?5-~l!?j.! /1"1 57- . ~ 

constant, the rr!ocg~!cr iia,9?1n:x 1s c ~ d o l l y  distributed 
" .,-,., ,,,., , , , ,  , ,  ,., , ,  , , 

, , " , * - . - . ' . . . ,.., ....-,,- ̂ .,.. . , . . . . - . . . , . : .  'I.'. . .,.. .: ..... ,. .. , . ...; ..... ; :L.: .- ..;is , ~ i i ~ i ; . i : y  lunr], 
i t  car-:i;ti .3f EC..,",I, ... .,:p; '.-'r..*-L"r3 ........,- -1L-1 , ~. . ~ > ,  ..,-...-u...-u 
wovetorrs 3: I C ~ . J C P ;  T T C I I ~ I , ~ ?  ::t 1-h ~ w i ~ : n l I y  nppmch . , 
?.zzcr: :;:::, ::.:L.~;.;"G!!~, -kc,  " ,I"l,,W, ", t,,,,e tor,- 

star.ts, :2e:s::.es ~ y r , ~ ~ , c ! : ~ : c i i ~ ~  ~ l i , ~ r , , s j  zroafi2 thecenter 
[ i r r r j  . i ; .  .: bll~~;lr  ,I;:.- constant a o ~ i d  b~ considered one 

.!w?rl- JnoLrte: 13 only ane ter!L d t i c  pulsc duration tir::~. 
: --2i ". ,<"- .?,. ~..."t,:;,.i,. k.e -r  tl,e c7J=. - 

~~ . .\.. >. "., bi r,ali I!,- 
, . . ,  :,,-;>= -,>,-!:s:!, :!::!!c 2 :?,ccc:Ztr:: ;,yz- :;7; ,-r,=<:,- !L ,,..,: :; . . 
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be oppoxinately equivalent to the full p u k e  width. A lonq 
or extremely Ionq time canstant  would be considered t o  
amount t o  two or three pulse widths or lcmqer. 

Integrating Effect of Different Waveforms 

The accompanying illustrotion shows different types of 
inputs ond their respective output for ail RC integrator 
circuit. The amplitudes of the waveshapes ore different 
ond beor no relotion t o  mch other a s  shown in the illustro- 
tion. When o p o k e d  w3vciorm i s  applied to on RC integra- 
tor circuit,  the  resultant output wil l  be a square ?iavefcrm. 
Applying a square wavc t o  the inp l t  of a n  integrota  circuit 
pcduces  on output waveiorm of trianqular s h o p .  The 
integration of a triangular wave resul ts  in a p rabo l i c  out- 
put wave. Integrating o s ine  wave by on RC circuit pro- 
duces onother s ine wave with a different amplitude and 
phase, but with the same sinusoidal  woveshape (usually 
considered t o  be a cosine waveform). 

FAILURE ANALYSIS. 
NO Ourpul. Since only two components are involved, 

it i s  evident that only an open circuit a t  the input, oi a short 
circuit a t  the output, could produce a no-mtput conditioo 
(open resis t= or shorted copacitor). Both of these items 
could be checked for with on ohmmeter. If the resistor i s  
open the meter will indicate infinity, on2 if the cowci to r  is 
s h a t e d  the mcter will read zero ohms. 

Distorted 0 ~ 1 ~ 1 .  Only o chonqe in component values ,  
a ossocioted conloanent values .  could chanae the time 
constont and wovushops .  Distorted output i s  usuolly 
coused bv impromi input s ianols .  When distortion i s  ?is- . ~. . 
covered in the followinq t u k  or transistor circuits,  it i; 
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proinhl.y caused by I. p:orrr ~ t ! r r  ic ti ese circ,:!tz. k 
direct check of tllc .-.t:':t ,:; -:I. :,:::~l .... ti.. ~ n p ~ t  t l  the 
inteqrator lu:iiq o i5i,lt.-l:.~wlr:n o : c i l l c i c o ~ ,  r:i!l ir?icnte 
whether the circtllt ir pzrfar:: I:.? jrspxl,,. h r'qorte? re- 
sistor or on opcn c n p c l t s r  ;:r A!! ~ 3 1 s ~ .  the c ~ ~ t p l l t  t c  SF 
o duplicate of ti?- input (8. i n t q r o t ~ o r  tokin? l o r e ) .  ni 
value of tihc rcni-tor cgn Sc: checked :i!t, 3: oiim7eter. 
While the cajwcitor c l r  qlsc ae d c c k z l  for c s h a t  with 
theoh!nmet.r, it i s  !x.tter ;r:ctice 13 c s e  or, l n ~ i l c ~ i t  
c a w c i t a n c e  checker, an:: nlsc to c:bc;hiic co;n:ltor far 
both proper value o r  li.3k: IF. 

R-L INTEGRATOR. 

APPLICATION. 
Vrc H-L intp.;rotor is ~ 5 ~ 6  as o .:;cvp:::3plnq new014 

in va r i a>s  t y w s  of e!ectrorlc e:~;ipxenti scci osrcdiu,  
rodor, t e l ev i s io .  and in other ;>iclai  t l ec t ro r i c  opclicotion. 
I t  i s  a l so  u s 4  o s  an analog in performing the mothenotical 
function of inteqrotim ill coc:puters. 

CHARACTERISTICS. 
Produces 6lstortior of the lnFUt ..wxesi.op. 
l i a s  c lonq t ine  cmitor , t .  
Output i s  taker! CCI:!SS tnr.iesist3r. 
Has thc confls:urilt~on oi c 1 ~ ;  F ~ S S  f ~ l t e r .  
Output i s  in t!>r form of a ~c i tn :e  t i o t  represents the 

overo;;e enerqy cortcnt of :!:- i:~[.:lt ;;cl\,cf;r.r. 

CIRCUIT ANALYSIS. 
tencrol .  A n  intcqr;~tln,; circ.!lt 1s 3 zirc~l i t  :.,t.o;e u ~ t p ~ t  

i s  substnntlally tile tl;ne LP~C:~J!  - 4  !tr incl;t :;a,;tiorrc. 
The R-L lntclrr>trni clrcl:lt :,oris ic :Il:!z.:t cnoc! cp?isi!!or 
t o  the R-L itiii,rcntiutor. !t i-::; :I l c r  1 tl.:ri. cms tcn t  c n l  
the  output 1:; takrn fro:: sercss the rc-iktsr.  I! !he !I-? 

constont of the ~ntelrotor  :i:c,:~t li 5 t:..'; !or nor?) t1.c 
period of one alternotion of the input waveform the circuit 
will elcctranicolly perforin ti'e :;2tiecctl:;l a p r r t l a n  af 
integiotian. T~.I:: actlo:! I: c;>yrorlT.ntn in prcztice, bat the 
opproximotion c3n k :?air vcr) xc.rc!e. SI:IC? in?ri;tor 
action i s  the /ieort of t i e  oper2tlo- a! tnc 3-L intc;rct3r 3 

brief review of in:iactor irct!on 1311: 5 .  T:c property of 
inductance 1s such cs t o  OFPOSE. n cl:;::ji. i r  :'Jrrent. Tnis 
opposition ( impdance)  e z c r t e  by Jn ii?ic!sr e x ~ s t s  he- 
cause a counter emf 1s p d u c ~ d  cros: t'-te in&cta  "5 !ne 
change in the 1il3qnctic flel? of the i n ? x t c r .  ;;"en c cm- 
stant voltoqe i s  opplled across  31: ind.lctor, stlrrcnt flc:, 
d m s  not r i sc  to a :::unirnu::. i . ~ l c e  !.:xe!iot-l~. h t k c i ,  
it i s  initially zeroond incren;es 3t CT, e x p o ~ e n t l z l  rr;te. 

as the inductor becomes charled m d  t ' ~  cn;:'tm e.:::.f. 
decreoses. L i k s ~ i ~ ~ ,  ,;!hen the ncc l i e l  .::ltc;c I: rcnoved, 
circuitcurrent ,!irs not iall t c  zcra j r w p  / i o f ~ l y ,  h1t '!c- 
c reases  a t  an exponentiol rct? 35 t t e  e:,.~i:y ?!ore j i r  t t c  
maqnetic field at the i n d x t o r  is :~sc:-c:~- i. !, the Z-L 
integrator circuit the lon.jer the ti-:? :zl:ztclr.t, t t e  nnre 
c lose ly  the oatput .wave io r~  folic::~ ti .- i l en l  i r te l ra tor  
waveform. However, the lonqer t b . ~  t i r e  ~nn;tar!, the 
smaller i s  the output voltor;e. 
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Circuit  Opara,ion. ? leo icornwnyin~  schemotic dlaqrom 
illustrates a typical P-L intelrotor. 

INPUT OUTPUT 

Typical R-L Integrator 

- 
l n l s  R - L  l r t e l i a t w  ,consists of :> sen-; 5-1. i i r c : ~ ~ t  

.uith thc S U ~ L C :  t3i.e: 2 : ~ ~ : : s  !!I.: ;ea?:tor. :i:c ci13rilc jrld 
dis ihi i ;e  t i z e  of t i e  i r b j ~ c t l r  ( t i e  t i31ec~nstcn:)  ;s cietri- 
~ . ~ i ~ i u d  L r  i1.e v u l , ~ r s  ol in,"ucro~ : v L  ' : P I :  r - c ! c ! ~ r e  i? 1"s 
c i rcui t  using the formula TC=WR. Thus an integrctor cir- 
cu i t  consisting of a .1 henry icduitnr ond a 10,000dhrn 
:esistor has a t i n e  constont of 10  microseconds. 

When o squar? wcve i s  applled t o  the i n p ~ t  of thp intr- 
7rot"r pi!cl;t! !b:e ~?.i,:c!?: b,c7:7,:. .~c zb2zqe. 3.: :..8p=:- 
ance,  c n ~ s c i  LY cCEr.tei e.71.f. ge?e:atf? by the e x n i ~ d i n q  . , t i  1 : I  > : , i  r ~ i  !ec-rr.!s<>; p x p  

z e c t ~ 2 l l ~  J! : ;::c ~ x t c i i i i n e <  s) tfie volues oi L cnd 3 os 
the  maqnet:c ! ~ e l z  3! the i r>d~c to r  apprcocl:es i t s  lircit. 
Circuit current, 1nr.r-fore, k?!ns o t  zero and incrrcs~s 
si.xnefiti,7!ly ,,> !l.% ,L!!c'.~! l!!!2~+2,?~~ i cc lezses ,  ,> 

evldent thnt 1b.e I? !ror :.;31t:>,j?) ~CIOS: :t.c m t p ~ t  resistor 
begins ax zero cni Inirecsrs os tile inductor ' W L ' O ~ P S  

c h o r o d .  If tho t l w  ~ n r s m ~ t  !E very !nnS I!'? i c - i i i i i  iir 
output vo!!a.;? i s  ne3:Iy l ~ n e a r ,  b:! !LC R O ~  of t l ! ~  uutp:,t 
~ N O Y ~ ! " ~ ' ?  ,2tt=i:::-, c?!,; : f r z c t i x  3f tF,c arn~l i t , ,~i?  l f ,E  

input si llrrll, sllir.. ri.. In..-rnp nttnlni -. -!lll.l ;L::-- 2.. 

durinq the ;rr.rla? .;:!~n ,v;l.,?!e 1; o?plieJ tc t;? i-p~t. ',?(i.,cr. 
the input signal !3!!s k c k  :a its reference level, the in- 
,A,-*-. A < - - L  -.?.- ~ ? , - , ,  ; ; , .J . . " ,  .Ln 7q,n - -  ,, 

i.~l,:l,,_t-~ .~ . . ..~. ., 
. .  . zb.c;;c<. Tk.: ! ~ r . ~ ~ l . .  . ;..::, :,I 1;: :.:-i,: ~r :-~n:~:r  

nv ?-,- ! I - - ; '  . . I  . , ,. : .. .... ' ..-.- ..-.. ", ,... . , >  , - ,i: , I #  8 8  ,:ts.<!9,,;>, 

"A ,rru-l:.j -.. .u!iz4c . : t . ~ ~ ! o p l  Y C ~ ~ C  u ~ t p c t  :nsistsr ?. 
The o8itplt " in !..1!O:12!~:'ir~.i* ..i:L 1 , , : .  , 

( j  ., ,,,, " I , . ,  ... ;:.r. .. . ~ : . .  . . ... .. I ~~ . . ~  , . . , . LU, . . " . ~ . , ~  ,,,,,, 
,",k&& , , . -  "I--"? >."r,-. ,.. t ,-.-' , .  .:11.1.. I., .  : c ~ l ^ ' i  : . .  : ! . . . . ~  . ~ i v c  ; k i s t  i s  dppiie:, 3 n ~  s10:zs 20.43 (nnmt iv r i  im.i'n: t b  

wrl+ .;i--~ + + -  !.r-.~! i; :! ::: ;::;:;rzc !".,:. Cj ,,,,,,, ;*, 
.*L. . . ,,xr, 3 7~C~,i?!C. > . . i r , :  ; . : I : : P  ::, >[[!!F! t2 !!!a !!-L 1:;:::q:~tm 
,he n,l,n,,, ,,i.l,"-n ---- --J I ...r-. Y;lr .i:,e:. Lie i i t i ; ~ ~  v ~ i t o r ~ i ,  
retdriib t~ it5 r?iere::cc ievni I:; nctput voltaic ,is?:: Lori- 
Ilve. 

'The l o l l w i n q  wavciornls icpresent the inteqrotinq 
e f fec t s  of voiious time cor.stunt intcqrotor clrcuifs on o 
sqJare '*-.ic :r..;;:. 

+lo v 

OUTPUT 
MEDIUM TC 

-1ov 
+5V 

MlTPUT 0 
I nrrc Tr 

-5v 

VERY LONG TC 
- 2  

Effects oi  Various Time Cmrhn!s ht A Square Wave 

A s  con Se seen Iron, thewaveforms in the illustroticn, o 
shcr t  ti:icrco~lstunt inrcqrotol has  little eiiect on tne outp.;t 
woveioim, only the hiqh frequency cor~poneo t s  (Ieadinq  on^ 
traiiing edges1 c re  attenuated. A s  the time canstont 15 

. . 
in=cc:i.: :i.c uu;i..t &,.,ii,s iu rrbr!l:ille !I :wu(,~ woveiorm. 
A fwther increosc in tilwe i-unstant results irr a mare l m w r  
r i se  and ia i l  o i  t h ~ .  output waveform. Notice thnt thc output 
.,.-,,*,-.- ,.""~ ,,,,,,, -' ,~,? .L. ,,,* ! , .?~! ,  , 7 , , , :  -~,,l,,.." .,.... , . .- ..., .-..- ~ .',,<<",,L .<,LC4,"L", 

.10?9 no! :"<:̂ i. t" ?--k ;-.;!;l 1.. ;I I ! . . .  ;-. . . a .  , . , .- -. .... .,,?,., .. ,",.A,2t:..,  

i,,,, ian:,.,",," n ,"..^i, i -  . . . . . . . . . . > . . ~ -~. . 

FAILURE ANALYSIS. 

- .  No Output. ;ir:cc. illere art. ~ r : i y  [wo components in the 
, ,  , . 

u-! W!~.;P:<T, ?:..:-:..i:,u:. ;:,,,1;;,,:, ,- ,,.,,; < ,7 , l "  L *:.. ,,,:>.-,, 

by "" """ : :'..:-? :rzi::2:, ;r t) ; ;i;!<: ir; 
put. LUUI die irtc:uctor on" tne resistor con eosi iv  be 
checked for tilt. aimvi. :8ierltionei conaltions 3~1th on ohm- 
iiierer. h s e n c e  ot tile input si;innl i o n  k f.etermine? by 
abservino the i l v e f a ~  . r r s rn t  ct t i l i r  ~?;u! t c  the i2tc;r;tzr 
,#it!. :ir ~ c i l l a c o ~ .  
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Distorted Output. Generally speakin?, an inte7rator 
circuit will either flmction a s  6esigned or not ot all. t!o+,- 
ever, it is possible for either the md'~ctor or the reslstor 
to chanqe value. This :vould change h e  intenator ti,e 
constant, and the output viaveshape .would Se olterc?. P le  
resistor may be checked for proper volue with an ohmmeter, 
and the inductor can be checked lor proper value .with an in- 
pedance bridge. It is clsa possible for the inductor to be- 
come shorted or the resistor to become open. This ,,would 
result in the output k inq  c dupliccte oi thc input !no i ~ t e -  
gation takinq place). The components can be checked os  
explained previously. Tne most common cause of distorted 
output i s  probably distorted input. 'he quolitv of tqe input 
s i q a l  con be easily determined by vlev;in the v:aveiarm 
present at h e  inteqrotor inp~ut with on ascillasmpe. 

SATURABLE-CORE REACTOR PEAKING CIRCUIT. 

APPLICATION. 
?he soturablecore reoctor peakinq clrcult i s  useJ to 

pcduce a peaked pulse of voltage from a sine wove inpJt. 

CHARACTERISTICS. 
Utilizes a saturable reoctor. 
Output voltoge pulses are in phase with the input siqnal. 
Usually oprated near resonance. 
Output pulse width is determined by the circuit Q. 

CIRCUIT ANALYSIS. 
General. The sotwable-zore reactor peaking circuit 

praluces sharp voltaqe pulses fro? a sine wove input si7nol 
by utilizing the properties of o saturable reactor. A satura- 
blecore reactor is a type of inductor in which a relatively 
low value of current produces magnetic saturation of the 
core. 

Maqnetic soturation of on inductor core can be defined 
a s  the point where a further increase in current ilcw tthrouqh 
the inductor windings dms not result in ony fwthei incrcose 
in magnetic field. The property oi inductonce is such os to 
oppase a chanqe in current. This opposition (inpedance) 
exerted by on inductor exlsts becouse o counter e.m.f. is 
prcduced across the inductor, which opposes the applied 
voltage. If the core of a inductor were to become saturated, 
the counter e.m.f. would drop too  low volue, and its op- 
position to current flow (inipedance) would olso drop to a 
low value. It is this ability to change impedance thot 
enables the saturoble-zore reoctor peaking circuit to pro- 
duce o pulse output from a sinewave input. 

Circuir Operotion. ~eaccom~nyinqsc ' I emot ic  6io- 
gram illustrates o typical so tu rob le~ue  reactor peaklnq 
circuit. 

7he circuit illustrated obove consists simply of can- 
ventionol capacitor C1, conventional inductor L1, and 
sotwable core reoctor Li. Conponentvolues ore c'rosen so  
thot the circuit appears slightly capacitive when L.2 is 
saturated and slightly inductive when L2 1s unsaturate2 
(the inductonce of L2 decreases when U becomes satlrotec). 
To illustrate the cawcitive-inductive relotionsii~s:~ken L2 
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INPUT OUTPUT 

Saturable-Core Reactor Peaking Circuit 

issoturated or '~nsaturated, assume for the sake of illustra- 
tion thot C1 hcs o capacitive reactance of 1CO ohms at the 
operating frequency ond that L1 has an inductive reoctance 
of 75 ohms ot the operating frequency. Assume fwther that 
L2 olso has on inductive reactance of 40 ohms when un- 
sotwoted ond 10 ohms when saturated. The reactance of 
both C1 and L1 remain constant. It can be seen that durinq 
the period when L2 is unsaturated there i s  o total of l i 5  
ohms of inductive reactance and 100 ohms of capacitive 
reactance in the circuit. The circuit, therefore, oppeois 
inductive since the effect of L1 predominates. Likewise, 
when L'i is sot'~roted there is 100 o h s  of copacitive re- 
actance but only 85 ohms a! inductive reactance, and the 
circuit now appears copacitive. 

When o sine wove is appIie3 to  the s a t u r a b l e a ~ e  rmctor 
peaking circuit, L2 kcorces soturated by the relatively 
high current flowing throulh it, and the voltoge across L2 
i s  very law, since the inductance of U 1s also very low at 
this time. Since the circuit is slightly capacitive during 
the soturation of U ,  the current in the circuit leads the 
applied voltoge by almost 903, and the output voltaqe is 
opproximotely 180 degrees out of phase with the applied 
voltoge, since the voltage across L2 also leods the current 
by neorly 900. This output voltage is very low in amplitude, 
since L2 offers little impedance while in tb.e soturoted state. 
Inductor L2 becoxes unsaturate? ,*hen the input voltoqe is 
at a peak, since at this tine clrcuit current is ot o mini- 
mum due to the 900 phase si.ift. At this time (when L2 is 
unsaturotedl the inductance of L2 becomes hich. Tnis 
makes the c~rcuit highly Inductive andcouses the circuit 
current to la2 the noclied val:oae bv clcost 9C0. flowever. . . . . 
the voltoge across Ll (the ou tp t )  leads the circllit current 
by almost 930, since ~ o l t n ~ e  leads current acrcss an induc- 
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tor ord i s ,  herefore,  ln p k s e  +!itt, the input. ?is conditlm 
persis ts  for only c sk,ort p e r i d  af t ine  m t i l  the c i r c ~ l t  cur- 
rent increases and becomes suifirient to s a t x a t e  Li. Cur- 
ing this  short per~od of tlme a lorqe amplitude pillse wi ,~c i .  
is inpilase i ~ i t h  t?le input i s  pr3d~:eS. The d ~ r o t l o n  of this 
p u k e  coincidrs  rith. the l ~ r n t i o n  o! t:?e mszturated con- 
dition of L i  onci i s?e te r - r~reJ  r-cirly 3y the circuit G. - 
I n u s ,  o lzrqe 3m?ht.de ~ a s i t i , i e  p l s e  is p n i i \ h > ~ ~ -  .tiher. 
the a p p l i e  slrc ;;u;.e p s s e s  tt>rouqh i ts  pcsiti\,e p o i ,  
and o l n r ~ e  q n d i t u ? e  :c.:~ti.ic + l i e  is jro?ucel! *hen tile 
applied s lne irave sasses t h r ~ u g i  i t s  neqative p o k .  Since 
L2 is  saturote3 31-rirg ?la! 3! the :rv;t cycle, the o~.tput 
is extremely exxc9t !or t?:e SZ31l ii-2 +:,rirg t:h.e pecks 
of voltage ,,:rcn i% IS 1 7  OP ~;?.-~t,.r!e: :m<: t i3 ,  

FAILURE ANALYSIS. 
No 0 ~ 1 ~ ~ 1 .  A ? 3 2 . : ! ~ 2 !  c:I??::s: z ; ~ I ? r ~ s i l t  if a i r \  

colr!pone:lt 1.7 the s01;:aoi- i?ai!3r scxl!?,j ciril.lr :k:n!:e 
shorte.?or qF,., !n?i-+^:^ I I - - I  7 " -  i ' .  1.. . ~ -. ....... , .,,. . -, ,L- 

by rneusurinq the resls tonci  o! the i,irdinls crd ci.eesin.1 
for a short or leckaqe to irc'in: ..;.itt. c r  o h m e t e r .  'anc-  
itor C1 can br cherie,2 ,?ritr. m? i?-il!=it i c x i i t ~ i  C ~ P C ~ C I .  

Do not averimk ine possioillty that a nod l t2b t  ianditior; 
is the msult o! no-1np;t. :!.I: c3n czcll; 5. c5eekei L.{ 
observing if !he ?!c:.c!cr:.. i s  FwSe;t c: 1t.e c i r c ~ i !  m > ~ t  
. . 

w!t?. CXOSC:!!~;C:FC. 

Lor Outwt.  Generollv sneokino. s i ~ . i e  there ore f c . ~  . . 
componentsinvolve?, tk.e so tu rcb le ic re  reactor peaking 
circuit will either function as desi~n-.?, or not ot all.  HD;P 
ever ,  a lowdutput condition c o ~ l 4  result from 3 ~ r t ~ l l y  
shorted comaonent or from ex-pisitre I - ~ L C ? ~  t? 1:21~? :! 
thewindinqs of L1 or Li, or kcm o 13.: a-p!lt:;?e input. 
Resis tonce checks of !be ~ i ' : r t 3 !  :::?.?i:.:; :;? i i ; i ; t~~ .c ;  
checks to ZI~~.:!, .:I( tPBe Satto-- I > B  L~ -- 8 . -.>-c ,:.- ,----+,: ,..,bLL L , ~ ,  

should reveal itilctil~r or not a wrt11lIy snorted comaonen! - 
or leakage to  qroxr.j i s  t i e  c w s e  of 1u.v mtput. ~ n e  I:-- 

p I i t>de  Q! th,e i c p ~ t  ~ : ~ z c !  ::? ez:;!.! !,+ ,-! *,:LC,!. >,, L < ~ ~ ~ ~ , , -  

ing ikte wuvt iu r l t ,  presen! zr m? I:,:. :I :;l!r l n  osa l i asccpe .  
Distorted Output. Slnce tilt. .iumticr of the o u t p :  j ~ l s e  

i s  determined rrlalr~lv by (1 oi tne ;lr:u!, n r i m q -  13 

circuit iiolue s o ~ l d  alter  IF Q c! t k  cirr~!! c r ?  t h x  7Ite: 
t h e o u t p c t w c ; ~ s h c ; ~ .  -beck f i l r  .?x,:~;s!,!e !e:ks;r :: 
groun,j-l. .I.< -. ,.. 31... .,. ..,.,., ,., u'., ... &ti, s i r ?  i i : k o ~  rn  

ground ,wo~id oifcct tt,e s i r c ~ i t  C. CI, L1 czc Li  ccn be 
checked for p r o p  v o l , ~  ,:;i+ 1- i-p371z5 >ri?:c. 

SEMICONDUCTOR PULSE SHAPER. 

APPLICATION. . . 7hc semiconc~ostnr r. 11.r ii:r::;rr i. 1 c r -  3 "  -n-?,2!er, 
co,~lr ' ,~ ,  dr,,) c,L:,!l,#l,,ir,:,~,,.; ,,,.,,,.,...-.., , , , ,  -.-.-,.-?? . . 7 n ,I",? 

which h o : i t f / ? r ~ :  -r.t~r:t:::t!c:~ ,J! 't:. :z,:c.sh::: ,:?~P: 
. , ,  

! : 2 . .. ". .: i""..;., ..., r . I : ,  ;,: - 
j"r,cl,or, ";jl!, ., , > , > i !  1,): :,?:I . .- ."... - : ,, -.I-:. , * 8  

sharp leadi~.: r::! ~l i ! :y  c-:r:. 
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CHARACTERISTICS. 
Reshapes p~lses into pulses iiith shorp leodinq and 

trailtn; ed?es. 
L'tilizi: ti;o u o n s i s t o r s i a n , ~ e c t e ~  irl the conmon-ermtte: 

cs~f!g.ia!ior. - 
neqclrcs three porer  s p p l y  ,ioltcqes. 
O~irpu! p.l!se ~,!?bth iz cxz tnn!  2-2 :; ?e:ei;i,ified by 

circdi; conpanenis. - ~ o ~ b l s  3! ?ri":q SWC:;! ioids. 

CIRCUIT ANALYSIS. 
Gsnerml. ' h e  ser;icor!8~ctor pulse siapir.q circui! son- - 

s i s t j  of 1.0 ca!!lr.,o!!-!! ittrr ! !  isc f i r s t  stage, 
wkich CK~IC; . ;  CG ?-L. ;o!li-itc~ l a  !, p r f o r ~ m s  tile prirmy 

. . ,  
a3,upl~.,, ~u!lc::u:~ n 5  cantrri; I-P nit-t p :~ lqe  swi  i!h. ' :tn 
second s t a l e ,  an oveidri.,en oxpl~!ier, serves os a buffer 
power nrnpi~iler, on5 17, cd?>!icc ;-;;'ins if the trailin; 
edqe of the ?rt-;t ?.!kc. - 

;r:e ~ J I P L I  p ~ k e  . ; l ~ t t ,  1: pr!:nrliy :eterxined by the 
values o! the i n d ~ c t x c  l m ?  3! t / l ~  !list s tqe 3182 tile inpat 
capacitor, but i i o l s o a f i e c t e d  by !ransistor charcctcri;tics, 
as well os c h a n ~ e s  in the pc;;Pr s ipply vol!nqe. I 1  !<lost 
instances circuit values crc zhosen which prniuce an out- 
put pdse ,riidth 01 i o!icrosecond. 

Circuit Oprot ion.  T ~ c .  ?ccc.m.x?;.:r~ ;chemiitii d i ~ ~ i m  
i!!cstrotes 2 ?{pica! ; ~ m i i c i S s t i l r  ~ u k e  d.c;er usinq <ne 
commoni7i t te i  c o ~ . f i ~ ~ r n t i o n .  

" 
INPUT Cl 

R 3  

Semiconductor Pulse Shoper 

i o w c i t o r  '21 coucl?. t l r  i rpct  9 l z e  1.2 the bcsc o! . . - I  . , 7: , ' : : :  -r: : - it--. ,. ~. . ..~ .. . . . ,  
,- 

2 ..,, :;. t,,  . . . ~  ~ 

.,a , ,  -L Y - l r  ;,is s ~ p p i y  LC u v ~ i y  . . . , ,  , , . , , .  ... ". r:] 1-,2.; 1 .. ! , .. . ~~. ~ . .  ~- -." ,.,. 
reslstor 22 farm. ( - 8 ~  t -~llb-+or ! rnd f-r !II:?c~E!?: GI, 3:: 
-"--:,.. -" .-.. .. -- . 
.-rv-..-. "- L u , L ~ , , ~ ;  ,.I::. Tcaia!ul > .J lUc!!lS Or1 l"teTStG7e 
"",,, ,.",.k 1 1 ~ ~  :7.et.+zo:>: frcr. 9.c c ~ l l c ~ t z r  3: 3 1  to It,? ix,se of G2. 
T .--.: .... n- , .  , . 
AL,.jaa.a~u~ Y L ,  .:.ilc:l uwr~?t?.. as un oveGrlverl anlpliiier, 

scr.ges ~ S I ~ F .  3 ~ t p J t  s t x e ,  ::!th-:litor 44 as i tsrnl ler tor  
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Imd, and diode CR2 limitinq the outwt to the l ~ v r l  of the 
-b volt poww supply. 

In the quiescentstote (no siqnol input) t ronsista 0 1  
is reverse biased by thepositive valtoge a t  tlie Junction of 
voltaqe divider R ICRI .  Tne collector of 0 1  is a top-  
proximately -6 volts since 0 1  farword collector current is 
cut  o f f ,  and tronsistor 0 2  is heavily foward biased by the 
negative collector voltoqc of Q1 directcoupled throuqil R3. 
With 0 2  conductinq hwvily, the output voltaqc is very 
c lo j e  to ground potentiol. When o ncqative pulse is applied 
to the pulse shoper, voltage divider ? i d e  CRI i s  rejerse 
biased and tronsistor 0 1  i s  driven into conduction by the 
charging current flowinq through the emitterhose jurcfian 
of Q1 and into capacitor C1. The ropid r ise in chargin2 
current throuqh the emitter-base junction of 0 1  rapidly 
drives Q1 into saturation, and the voltaqe on the collector 
of Q1 rises sharply to ground potential. Tnis rapid positive 
swing in collector voltage on 0 1  i s  couple", through R3 and 
CZtotheboseof output transistor Q2,mdQZ i s  rapidly cutoff. 
'he collector voltaqe of Q2 (the outplt voltoqe) whch was 
previwsly held a t  ground potential due to the heavy 
corduction of 0 2  now ropidly fal ls  to the -6 volt supply 
level. This i s  the beginning of t ,k  output puke. 'Ihe om- 
plitude of the output pulse i s  mointoined at o constont -6 
volts by the uction of limitin,q diode CR2. Transistor Q1 
i s  maintained in a soturoted state by the charqinq current 
of C1 flowinq throuqh the emitterhose junction of 01. This 
current decreases a s  C l  hecomes charqed, but remains suf- 
ficient to keep 01 saturated for the durotim of the output 
pulse. During the per id  when Q1 i s  saturated, collector 
current i s  limited by the impedance of the Imd (L l  and R2). 
Initially, the impedance of L1 i s  hiqh, but it decreases as 
L1 becwnes chorged and collector current increases. Con- 
sequently, durinq the period when 01 i s  in sotuiotim, col- 
lector voltaqe on 0 1  remainsconstant and output tmnsistor 
0 2  remains cut off. Hence, the output voltage remains-ot 
-6 volts. When the desired output p u k e  width i s  completed, 
the imwdance of L1 is s o  law that the base drive caused 
by the charging current of C1 i s  insufficient to maintain 
collector current at the picviaus level. (Basedrive de- 
creases as C l  charqes). Collector current then decreases 
rapidly and 01 collector voltage quickly falls to -6 volts. 
which drives output transistor 0 2  into soturotion. The 
output voltage rises sharply to ground potential os the 
conduction of 0 2  increases. The rapid transitiort of 02 
from cutoff t o  soturotion i s  aided by the dischorse thrnuqh 
the emitterinse junction of 01 ,  of the enerqy stored in L1. 
The term "cutoff" has k n  used loosely in the precedinq 
poroqraphs. Actually the tronsistors are not cut off in 
the sense  that o vacuum tube con be cut off, s ince there 
is always some reverse leakage current f lwinq ,  but the 
magnitude of this current is insiqnificant. nihe VOILE; of 
C1 and L l  are the dcterrnininq iactors offectinq output wise 
width, since the output pulse i s  completed wheri C1 and L1 
become fully chorqed and couse the collector current of Q l  
to begin decreasinq. 

FAILURE ANALYSIS. 
CLncrot. 'When rnokinq v a l t o ~ e  cieck5, j z i  c vocxus, 

tube voltmeter to ovoir! tile  lo,^ ;;al;:s cf :;ltipller resist- 
once employed on tk>e 10-,N voltnnp 107:es of tbe stcndar? 
20,000 ohms-per-volt :?rter. Lie c c r p f ~ l  clso to ahserve p r o  
per polority when cb,eckins cantmuity ;,ifn -r ohvmete;, 
since a forward bias through any o: f!~e t r c~ i i s t o r  : . c ~ t ~ m s  
will cause a false law resiston-. readin?. 

No Output. A noa:fp~tcondit!or ectil6 r e s ~ l t  iron 
failure of either transistor or fci!,.re OL 0n.e 31 tbe po+~er 
supplies. Se!nicanductor circuitsare ;ener-lj!, miriatalze? 
printed circuits. Circuits of this t y p  om :~.ol?pt to sb.orts 
caused by a sn,all drop of solder, ?r ciy cmd:~cti.:e ohlect 
that moy fall across printed circsit !?ads, sr {nesi. leads 
may become open by a hairline rrcci in f i t  print:.? Soar?. 
Plug-in t y p  corltacts, olter employed ir p in t ck i r cu i t  
bmrds, sornetirnes fai l  to make contact !ii. to 31rty or bent 
contocts. It is often wise to vi:,-ally ct.cck !k pinte? 
circuit h r d  for evidence of any of tieabove co,litions 
before atternptlng to trouble-sb.03: fne c i r c i t .  Pmier s ~ p p l y  
voltages should k c  cb,ecked with n ,:ac;~:n-t~k-:cltx~!cr, 
and adjusted or repaired if nPcesso:y. !t s!,ouli be note? 
that deterioration \ ~ l t i  a l e  c a u s i n ~  !wk of ,lain ^13y r e s , ~ l t  
under high temperamre conditions. ;Inli!ie ,vcc.~ur t ~ b e s .  
however, transistors hove operoted for years ::itj:c~ut notice- 
able deterioration under proper operating conditions, 
I1 the Urmsistor i s  not a t  fault, a defective circult 
component is likely the couse o! no a,-tp;t. Voltaoe checks 
of transistors elements wit!) a voc,illn tcbe ..mltmeter, or 
resistance checks liith the clrcr.it i:nwrqlzei, sb.ou1d 
indicate the component ot fault. Eesistor:: R3 or R4 could 
couse o noautput condition if the,, fai lcl ,  as could d i d e  
CR1 if it become shorted. Foll::re of atber circuit co3po- 
nents could possibly c a s e  o nooutr~rt  ion.!itio? to exist, 
but are much more likely to couse ?istortion of the output 
waveshape. This condition will k dlsr-ssed in &tail in 
the following parogroph. Do no overlook the possibility 
that a nOdUtpUt condition is the result cf no Input  siqnol 
reaching the pulse shoper. Theexistorce of this condition 
can readily be determined by observing the,hraveforx pre- 
sent a t  the input to copxitor  C1 with. on o s c i l l o s c o ~ .  

Distorted output. The tern distorted output 1s used in 
the foliowino mraorooh to de sc r i k  or." outout condition 
~ ~ > .  . . 
other thon the proper output ,with r e s p c t  to pulse width, 
oulse omulitude. and pulse rise and fal l  time since o circuit 
defect usually causes more than one of these syxptoms of 
improper output to appear. Cefective transistors and impro- 
per power supply voltages are often themuse of c distorted 
output. The power supply , ra l tqcs  shorlC be chec~ed  2nd 
adjusted if necessary, they should he .:.itbin 1% a! their 
nmina l  values. If the power supply voltoqes are correct 
rmd the transistors are geed, a defective circuit component 
i s  the next most likely c o m e  of improper output. A signifi- 
mt chrmge in the value of any co rnpen t  could alter the 
w t p l t  waveshape. Since the value of Ll ond C1 determine 
the pulse width a change in thp volue of these components 
wwld, noturolly, a f fec t  the output pulse width. L l  and C1 
cm be decked  for proper volue an on inductancesopaci- 
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t m c e  bridge. Resistors R1 m d  R2 also affect pulse width 
brt  to a lesser degree than C1 ond L1. Diode CR2 limits 
the amplitude ci the output pulse to -5 volts. !I CR2 
opened, the ar'plitude of the output pulse wmld increase. 
'he inplt plllse m??st k of th.e ccrrezt ~!o;i:v. c d  have 
sufficient amplitude and duration to properly trlqqer the 
p l l s e  shoper, i f  o qaod autpjt P~IISP 1s f" hp vn?m!eii. 
%.e mn&?lt?m o! b e  hp;: pd1-c may be i h x h e d  by o& 
serving the waveforv present at the inp~ut !o cnpocitoi 
w~th an osc~iioscope. 
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