
ELECTRONIC CIRCUITS NAVWIPS 

SECTION 16 

CLAMPER (D-C RESTORER) CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

DIODE CLAMPER. 
General. Uiode clampers, also referred to 0s d-c re- 

s b m .  md ba..lin. s t ~ b i l t ~ e r ~ ,  me used in electronic 
circuits to hold either amplitude extreme oi o woveiorm to 
a given reference level. The name d-c restaror i s  sme- 
what misleading in that the d c  component present in the 
output waveform has nothing to do with any d c  component 
that may be ossoc~oted with the input waveiorm. The diode 
clamper circuit can be arranqed to "clamp" either ompii- 
rude extreme m d  thereby pemi: L:B FCV;!;;~~ :0 cxfe-? ir. 
only one direction from the reference level. Thus, the cir- 
cuit con be used to hold either the positive extreme or the 
neoative extreme of a waveiorm to a desired reierence- 
voltoge level. 

Diode clampers which hold the positrve extreme oi the 
waveform to a desired reference level me called nsgvtiva 

clampers because the entire waveform i s  shifted negatively 
with respect to the reference level; those which hold the 
negat've extreme to a desired reference level are called 
po.itivs i lmpers  k c c c s e  the entire waveform is shifted 
positively with respect to the reierence level. 

The accompanying waveform illustration shows the var- 
iotion of signal voltage wlth respect to a reierence poten- 
rid without clamping and when neqotive and positive clamp 
in" are used. 
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Signal-Voltage Voriotion With Rcspct to a Reference 
Level 

RC coupling i s  commonly used between staqes; in this 
coupiing urej,od, the c c u p ~ n q  - I - -  - -"-- "" - 

' Y ~ U C L L Y .  "I.," &!,"La U.. I 
biociung copocitur, to keep d i  poten~ai  *,;t zcy be 
present from oiiecting ihi- folIii*;iig =age. ;D.e n.;L';;Ji 
used to couple one stage to another were discussed in 
bectlon i.j Tne varying cornpanall u f  tilt. vo;togt app: i i i  
to the RC coupling network is transmlrtec to the ioiiawing 
ataije as I sigr.al woveiorm ( ~ n  his cusr, u square C ~ F )  

whlcji varies above and Wiow s u m  fired reference !eve!, 
a s  shorn in pmt A of the acccmpmying waveiorm illustra- 
tion. If the resistor of the RC coupling network is ground- 
ed, then the r e fe race  level i s  soid to be at ground poten- 
tlai, or at zero reierence level, ond the s i g a l  waveform 
wries s h e  a d  beicw gmwd (zerc :efere.nce ievei! os . . 
shown. if the rraistur id  re?trn& to a :?a& po:er.Zzi, :r. 
I - i -  - k... .."i .-., .i- .in ."in.-in i c  ,h. '", L.".I" ." ..Iy ., " .. -. .~ - 
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level of the fixed potential, md  the signal woveiorm varies 
abave ond below the fixed potential. 

In certain electronic circuits, it i s  desirable to ffiniine 
the signol waveform to voltages which lie either abave or 
below the fixed referecce voltage estaoiished for the circui:. 
For these circuit opplicotions the clamper clrcuit i s  used to 
hold either the positive or neqotive extreme of the signal 
wavetorm to the deslred reference ievei. 

In the following discussion, it i s  assumed that the 
input waveform i s  obtalned irom h e  plate cirmit 01 o pre- 
vious stage ond, therefore, "odes a b u t  a positive d-c volt- 
age reference level. The output waveform obtained from on 
R-C mupiing network i s  normoily centered a b u t  an estab- 
lished reierence voltage level at or n e a  ground potential. 
However, if the coupling capoator can be made to charge 
to the maiimum p;si:ive 2-c ;&e :i Lhe i zp !  wove!crm 
and remain at this value, then any signal swing must occur 
in o negative direction; therefore, the output woveiom 
vorles between the established refereree level arid sane 
negative volue, depending upon the peak-to-pd ampiltude 
of the input signal. Convaseiy, if the coupling capacitor 
con be mode to charge to the mimimum positive d c  volue 
of the input wowform on? remin at this value, then a y  
s i m d  swinq must occur in o positive direction; thus, the 
outpet waveform varies between the established reierence 
level and some pesitive voiue, dppendinq upon the p d i i -  
peak amplitude of the input s iyol .  In the case where the 
capacitor charges to the moximum positive d c  value, the 
top of the output waveform i s  clamped to the reference level, 
a s  shown in part B of the occompanying illustration, and 
tine action i s  remed nesotive ciomping. :ir the iose  .wh;:c 
the capacitor chorqes to the mminurn positive d c  voiue, 
the bottom of the output waveform i s  clamped to the reier- 
ence level, a s  s h o w  In part C, and the action 1s termed 
positive clamping. 

The accompmymg ~llustration shows two simple diode 
zlampers and the output woveform associated with wch 
iiic"it W ~ S ,  a ~ 4 a : c  wovr is applied the input of the 
clomper circuit. The shift of waveform axis with respect 
to the zero reference level onvrs because diode V1 con 
conduct only when its plate is positive with respect to i ts 
cathode. ?bus, capacitor Cl chorgesthrough a very short 
tlme constant (resistance of diode V l  when conducting) on 
alternate haii cycles oi the waveform whal the plate of the 
diode i s  positive with respect to its cathode: the capacitor 
tends to dischorqe through a lonq time constant, the resist- . . 
once oi i i i ,  wirer i  ills "lute ;; GL,2 <io<e i s  X293t!';C ,;;:<x 
:esoec! io its iat:,ode :,?iodi V1 n;ncon.'.ictir.q). %is :z:i! . .  . , qe mg j,On d,diEi;g j;ej:i i;i;:;:i"e; ";.:i: *;; ;k;r;e 
builds up on the mpocitor to shift the wovefom iron the . . 
orlglnoi zero uxls. Zcai>iui ;i; ptiii,;:~ ;~r.i L;d;:;c ;: 
capocitor C l  during 0itemo:e naii cycles of Vie wovefarm 
when "lode '41 !, ~>ulaioi l iuini l ,~.  ?,is ii!rct c3usc; b e  
waveform to have a sliqht overshoot 2: :L.e ze:c nns, i3- 
stead of exactly coinciding with the zero mls. Rqordiess 
of the aresence of a dc component in the inpul waveform to 
the clamper circuit, one polarity extreme or peak (either 
pusibve or negative), cf the cutput waveform will approx- <-". .,..".e tin zec s!s; ivheher !he positive or negnlive ex- . , , ., 

iivPrOai>,t5 ;hi iC'- ' ?  ^"."-."- I", ..,- ,' ,.,,,,,l, ," "L.. " -, 
.- ...... -i A , " > "  iii ." ,.--,.ri in . ,h- ~~~ ri,n,ii 
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Negative and Positive Diode Clomper Circuits and Output Waveforms 

Although the preceding general discussion has assumed 
t!mt a positive d-c poter.tio! ens t s  as the reference level 
for the input waveform to the Amper circuit and ground os 
the reference level for outpu: waveform, the circuit 
operation i s  essentially the sme,  no matter what respec- 
tive Levels exist a: the input and output of the circuit. 
Several clomper circuits ore discussed later in this section 
which are purposely ortanqed and "biased" to produce an 
output waveform clamped at o given d c  reference level 
(other than ground potential). 

Typical negotive and positive diode clomper circuits 
ore discussed in the circuit descriptions which follow in 
this section. 

NEGATIVE DIODE CLAMPER. 

APPLICATION. 
The negotive diode clamper (or d-c restorer) i s  used 

%when it is desired to hold, or "clmp", the positive extreme 
of a waveform to a zero reference level (ground potential). 

CHARACTERISTICS. 
hput signa! waveform contains both positive ond neg- 

alive amplitude extremes. 

ORIGINAL 

Output signal waveform varies between the reference 
level (ground) and some negotive value, which i s  determined 
by the pmk-topeak amplitude of the input waveform. 

Input and output signals ore in phase with one another. 
Uses diode in conjunction with an RC coupling net- 

work; cathode of diode i s  at ground (chassis) potential. 

CIRCUIT ANALYSIS. 
General. The negative diode clamper circuit consists 

essentially of a diode connected in paallel with the resist- 
or of a conventional RC coupling network. The diode i s  
connected so that whenever the waveform swings in o 
positive direction the diode conducts to produce a short 
R C  time constant: whenever the waveform swings in a 
negotive direction the diode does not conduct, and this 
results in a long RG time constant. Thus, two di!ferent 
time ccnstonts ore produced - 0  short time mnstmt during 
the positive holf cycle of the input waveform, and a long 
time constant during the negative holf cycle. It i s  this 
difference in time constants that produces the clamping 
action for the output waveform. 

Circuit Operotion. A negative diode clomper i s  shown 
in the accompanying illustrotion, together with typical in- 
put md output waveforms. Capacitor C l  and resistor R1 
form an R C  coupling network and detemjine the long time 
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constant of lhe circuit. Electron tube V1 is an indirectly 
heated cathode-type diode; it i s  the clamper diode and, 
together with capacitor C1, determines the short time con- 
stant of the circuit. The filament (heater) circuit for the 
diode i s  not shown in the schenatic. 

The input waveform shown in the accompanying illustro- 
?ix i s  typical o! 3 sq;a:e ,wwe ger.erated ot the plate of o 
muliivibroior stoge. Tne waveioan can he considered os the 
plnte-voltage variation .which i s  applied to the input of the 
clamping circuit. Initially the plote voltage of the multi- 
vibrator stoge i s  low (t20 volts) while the tube is conduct- 
ing heavily: the plate voltage rises to a high value (t l00 
.vollsj when the tube i s  nm-con,iuctiny, or cut off. Thus. 
when the stoqe i s  in operation, a square wave i s  produced 
n:iicin ilus on 80 voir pean-ro-pan mpiltude, (Jouplinq 
capacitor C1 of the R-C nework is initially charqed to o 
potential of +20 volts, which i s  the plote vol iqe  of the 
multiviticltor staye when the tube ;s conducting heavily. 

900.000.102 CLAMPERS 

The circuit conditions at this time ore indicated by 
point A on the input and outcut waveforms of the accom- 
panying illustration. Immediately following point A on the 
inout waveform, the input to the clamper circuit suddenly 
r i ies  80 volts (from +20 volts to +lo0 volts) to point B. 
Since the charge on capacitor C1 cannot change immediately, 
h e  8C-voit change appears across resistor R1 ond also 
ocross diode V1. This makes the plate of diode Vi 80 volts 
positive with respect to its mthode, and the diode conducts 
to charge capocitor C1 through a short time constant path. 
When conduction begins, the output voltage drops from 
point B on the output waveform to zero (reference level). 

At mint Con the input woveform, the inout simal drops 
80 volts (from +I00 volts to 120 voltii, but capacitor C1 1's 
ctmqed to i 1CC volis and cannot change instontoneousiy: 
therefore, an 8CLvolt drop in signal voltage oppears across 
resistor R1, causing the output to drop from zero (reference 
ievei) to --a0 volts. Tnus, between points C and Don t h ~  
waveforms, the input voltage drops from t l O O  to t2O volts, 
ond the output voltage drops from zero (reference level) to 
- 4 0  volts. During the time interval between points D and 
E on the woveiorms, capacitor Ci will dischorge slightly 
through the long timeconstant path offered by resistor R1 
until point E is reached. 

At p i n t  E on the inpot wave!om,, the input signal agoin 
rises 80 volts (from t20 volts to t 1W volts) to point F on 
the input waveform. Once again the charge existing on 
copacitor C1 m n o t  change immediately, and the B&volt 
change appears ocross resistor R1. However, on 8C-volt 
cilurtyr muses the output voitaqe to overshoot the zero rei- 
erence level slightly because of a slight discharge of copo- 
citor Cl which has occurred during the time interval between 
polnts D and E. Therefore, because of the voltage over- 
shwt ,  o small positive voltaae exists ocross resistor R i  
ond &ode V1. 'The plate of the diode i s  positive with 
respect to its cathode, and the diode conducts momentarily 
to reploce the slight Loss of charge on capacitor Ci. T ie  
outuut suicklv drops and remains at zero (reference level) 

t 2 0  A L 
D c  n 

0 
,C1 DISCHARGING THROUGH R I  

+100"1~  
E c V I  CONDUCTS 

until ~ ; s  rwched. The input signal ogain drops (from 
t 100 volts to t20 volts), and an 8C-volt drop in signal volt- 
oge appears ocross resistor R1, again causing the output 
to drop from zero to -80 volts. Thus, between points G ond 
ii an the woveiorms, the input voltage drops fiom t l W  to 
t20 volts, and the output voltage drops from zero to -80 
volts. Dnce againl capocitor C1 begins In discharge through 
.-...t. Ri to .c.,~a u conlpirte onother cycie. 

7, .,,c - output woveiorm has purposely been drown la snow 
. .., b.,-"-! ' - ,. ,.,...,. ~ e c r e a s e  in  v01t~lqe CUUSM by the discharge 

of capacitor C1 during the period of time the input wove- 
form, is iit its negative extreme ipolnt to polnt E ). In 
practice, however, the value of resistor Rl  is relatively 
large, w d  very ilttle dlstortlar! results irom h e  c;sch~r~;n; 
of copicitor C: ihrcugh Ri, or from its chorglr,q hrouqh 
dlode V1 (at point F). 

From the explanation of the neqative clamper operation 
given above, it is seen that the positive extreme of the 
input woveform has been held, or clwped, to the desired 
zero refere~ce !evs! an? th.e er.';:c waveform hos been 
, . . ...'L -----. . -..... . . ~ , , , , . e ; ~  ~ c a u n ~  LU ilhc lrfrrrnrp ievei. 

Negative Diode Clanper Circuit and Waveforms 

ORIGINAL 
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FAILURE ANALYSIS. 
~en.r.1. Because of the relative simplicity of the 

neootive diode clam~er circuit, the failure analvsis i s  also 
relatively simple an2 i s  l imit2 to several possible failures. 

Initially, the input signal should be checked to determine 
whether it is present and of the correct waveshape and 
amplitude. The diode, V1, should be checked to determine 
whether it is in satisfactory condition and whether the 
correct filament beater) voltage i s  applied to the tube. In 
many cases, o d c  potential exists at the input of the 
clamper circuit; therefore, it i s  possible for coupling copa- 
citor C1 to k o m e  leaky (or shorted) and cause a voltage- 
divider actim to occur. Since capacitor C l  i s  in series 
with resistor R1, a continuous current flow can result if 
the capacitor i s  leaky (or shorted), and this will produce a 
change in the reference level at the output of the clomper 
circuit. Furthermore, in this cose it i s  likely thot diode V1 
will conduct at all times. A quick check to determine 
whether coupling capacitor C1 i s  l a k y  (or shorted) is to 
remove diode V1 from the circult md  check far the presence 
of voltage developed a n o s s  resistor R1. 

If the value of resistor R1 increases considerably above 
its original volue, distortion of the output waveform i s  
likely to occur, especially when the input woveform i s  
subject to changes in signal amplitude. As a result, dis- 
tortion will occur during the time required for capacitor C1 
to rwch a new reference level, which results from a chnge  
in signal amplitude. If the value of resistor R1 decreases 
considerablv. distortion of the outout waveform will occur . . 
because of the decreased RC time constant, and, os o 
result, undesirable spikes will be present in the output 
waveform. 

Since only three comwnents are involved in the circuit 
(resistor ~1,'copacitor CI and diode Vl), these components 
are easily checked to determine whether they ore defective. 
Resistor Rl  can be measured with an ohmmeter to determine 
its resistance, capocitor C1 can be checked with o suitable 
capacitance analyzer, ond diode V1 can be checked in a 
tube tester or, a s  an altemotive, o diode known to be good 
can be substituted and the operation of the circuit noted. 

POSITIVE DIODE CLAMPER. 

APPLICATION. 
The positive diode clamper (or d z  restorer) i s  used 

when it i s  desired to hold, or "clamp", the negotive extreme 
of o waveform to o zero reference level (ground potential). 

CHARACTERISTICS. 
Input signal waveform contains both posltive and nega- 

tive amplitude extremes. 
Output signal waveform varies between the reference 

level (ground) ond some positive value, which is determined 
by the peak-to-peak amplitude of the input waveform, 

Input and output signals are in phase with one another. 
Uses diode in conjunction with an R-C coupling network; 

plate of diode i s  at ground (chassis) potential. 

CIRCUIT ANALYSIS. 
G.ner-1. The positive diode clornper circuit consists 

essentially of o diode connected in parallel with the resistor 

of a conventlono1 R C  coupl~ng network. The diode is con- 
nected so that whenever the waveform swings in a negotlve 
direction the diode conducts and produces a short R-C time 
constant; whenever the waveform swings in o positive direc- 
tion the diode does not conduct, and this iesults in lano 
R C  time constant. Thus, two different time constants ore 
produced -a short time constont durlng the negative half 
cycle of the input woveform, and o long tlme constant during 
the positive half cycle. It i s  this difference in time con- 
stants thot produces the clamping oction for the output 
waveform. 

Circuit O~.ratlon. A msiUve diode clamper i s  shown 
in the accompanying illustration, together with typical input 
and output waveforms. Capacitor C1 and resistor R1 form 
an R C  coupling network and determine the long time con- 
stont of the circuit. Electron tube V1 is on indirectly 
heoted cothode-type diode; it i s  the clomper diode and, 
together with capacitor C1, determines the short time con- 
stont of the nrcuit. The filament [heater) circuit for the 
diode i s  not shown on the schematic. 

The input waveform given in the accompanying lllustro- 
tion is typic01 of a square wave qeneroted at the plate of o 
multivibrator stoge. The waveform can be considered as the 
plate-valtoge variation which i s  applied to the input of 
the clomping circuit. Initially the plate voltage of the 
nultiv~bratoi stage i s  high (+lo0 volts) whlle the tube i s  
cut off (nonconducting); the plate voltoge hops  to a low 
volue (t20 volts) when the tube is conducting hwvily. 
Thus, when the staqe is in ocererotlwr, a square wove i s  
produced which has-an 8Uvolt peak-to-p&k amplitude. 
Coupling capacitor C1 of the R-C network is initially 
charged to a potential of t l W  volts, which i s  the plate 
voltaoe of the multivibrotor staae when the tube is cut off 
(nonconducting). 

The c l icu~t  conditions at this time ore indicated by 
point A on the input and output woveforms of the occom- 
ponying illustration. Irnmediotely foliowlng paint A on the 
input waveform, the input to the clamper circuit suddenly 
drops 80 volts (from +I00 volts to t2O volts) to point B. 
Since the charge an capacitor C1 cannot change irnmedlotely. 
the 8Uvolt change oppeors across resistor Rl  and also 
across dlode V1. This makes the cathode of dmde V1 80 
valts negative with respect to its plote, and the dlode con- 
ducts to discharge copocltor C1 through a short time con- 
stont path. When conduct~on begins, the output voltage 
rises from point B on the output waveform to zero (reference 
lwei). 

At point C on the input waveform, the input slgnol uses  
80 valts (irom +2O volts to +I00 volts), but capocitor C1 is 
charqed to t20 volts and cannot chanae instantoneouslv; 
therefore, an 80volt increase in siqnol voltaye appears 
across resistor R1, causiny the output t o r ~ s e  irom zero 
(reference level) to +80 volts. Thus, between points C and 
Don the waveforms, the lnput voltage rises frorr +2O to 
,100 volts, ond the output voltaae rises from zero (reference 
level) to 180 volts. Dunng the time interval between paints 
D ond E on the waveforms, capacitor C1 will chorqe slightly 
through the long time-constant path offered by resistor R1 
untd pomt E i s  reoched. 

At point Eon  the input waveform, the input signal ogain 
drops 80 volts (from ,100 volts to t i 0  volts) to polnt F on 
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+loo, 
V! CONDUCTS 

Cl C H A R G I N G  THROUGH R I  
EC 

V1 CONDUCTS 

+ 20 

19e in?llt wnvetorm. h r e  agoln th? chniqe existlng on 
copocltor CI cannot change immedlotely, and the B&volt 
change appears across resistor R1. However, an RChvoIt 
chanoe causes the output voltage to overshwt and drop 
below the zero reference level slightly because of o sliqht 
c!iaige 0: i apaa ta ;  Yl  nhich has occurred during he time 
lntervai between points D ond E. 'ihereiore, because of the 
voltaqe overshoot, a small neqative voltoqe exists  ocross 
resisrnr R l  nnd r i l n i p  V I .  The r n r h n i p  nf the diode i s  
negative with respect to i:s plotc, and the diode conducts 
momentonly to discharge capocrtor C1. The output quickly 
rises und remains ot zero (reference irvei j  until point i; 
7c .-,-i=ri ' I  h- .mn..t c.""", n-ni.. rlr^r i,."-. L'III ..^,.c + -  .- ,..-...r".".y..-. My" \..",,, .-.." ,- 
iiiiir voirsj, ono an 6Gvoir ,"crease in  s ~ g n o i  voitoge 

ORIGINAL 

appears across resistor R1, again causing the outwt to 
rise from zero to 180 volts. Thus, between points G and 
H on the waveforms, the input voltoge r ises from t20 to 
+I00 volts, and the output voltage rises from zero to +80 
volts. Once ogain, capacitor C1 begins to charge through 
resistor R1 to complete another cycle. 

The output waveform has purposely been drawn to shaw 
a suhs!an!!ii! d e c e a s e  :n vo!tase consed by the c h s r ~ i a s  of . . 
capoc~toi  C1 during the time the input waveform is ot i ts  
positive extreme (point D to point E). In practice, however, 
the volue of resistor R1 i s  relatively large, and very little 
distortion results from the charging of capacitor C1 through 
R1, o: from i t s  discharqinq through diode Vl (at point F). 

Fro!? the explanation of the positive clamper operation 
". : . , - -  ---.L-..L -.---. :~ " 1 . L .  

y."L1l "Y""i, .. ILLI1 ,,,", L l i C  I I I Y " L I " C  c n , i i i r r r  "L ,,LC 

input woveform has been held, or clamped, to the desired 
zeio reference level and the  entire waveform has ' k e n  
shifted positively with respect to the reference level. 

FAILURE ANALYSIS. 
General. Because of the relative simplicity of the 

positive diode clomper circuit, the failure onolysis i s  
also relatively simple and i s  limited to sever01 possible 
fo!lures. 

iniually, the input siqnal should be checked to deter- 
mine whether it is present and of the correct waveshape 
and amplitude. The diode, V1, should be checked to 
determine whether it i s  in sotisfoctory condition and 
whether the correct filament (heater) voltage i s  applied 
to the tube. in many cases,  a d c  potential exists  a t  the 
."",,' ." 'i" 4.-., '+. , ...,". .- ...- -.-,.. k..bu... herefore, i: i s  p ~ s s i b l e  for 
coupling capacitor C l  to become leaky (or shorted) and 
cause o voltoge-div~der action to occur. Since copocitoi 
C l  i s  in serles r l t h  resistor R l ,  a conunuous current flow 
can result if the capacitor i s  leaky (or shorted), ond this 
will produce a change in the reference level o t  the output 
of k e  c!ampe! circuit. P. quick check to dete:~ine whethe: 
coupling copocitoi C1 i s  leaky (or shorted) i s  to remove 
diode V1 from the circ~uit and check for the presence 01 
voltage developed across resistor P.1. 

If the value of resistor R1 increases considerably ahove 
i ts  oriyii.a! value, distor:ion of the output waveform i s  
likely to occur, esperioliy when the input waveform is 
subject to changes in s~gno i  amplitude. As o result, dis- 
tortion will occur d ~ r i n g  the time required for capacitor C1 . . .  L . . ' .. 7 .  . I  I : _ /  
tu LKUL~I  u t ~ ~ w  X = L = S = ~ ~ L K  LVVKI, W ~ ~ L L ~ I  iestths f,otb~ < . i ~ r n ~ v  
in signal amplitude. if the value of resistor R l  decreases 
zonside:cb!y. .listo::lor. of  the output w~veforrn will KCUI 

because of the decreased R-C tlme constant, and, a s  o 
re%!!, ,~rdesirgble spikes wi!! be present ir. the out:..! 
w n v e f ~ r ~ .  

Since only t h e e  components ore involved in the circuit 
ireslstor h i ,  capacirw i i ,  ona &ode Vl), these components 
"re nncily rh.1c4..' !? riatarmine whether thy ore dpfec!j.ie: 
resistor Rl can be measured with on ohmmeter to determine 
<.o "-..""<.,,. ,-I "-- L- -,.-"kd ,,,<.,. " ?,.:.",.I- .~ *  .--.-."..--, b-y"b.L". ". -",, "- -,.-- -" .... ,." d".L""LL 

capucltonce unalyzer, and diode Vi can be checked in a . . 
tube tester or, as an alternative, o diode known to be g d  
zac be s::~,st:::::?d ,and tk,e ,op-:o:ion of tb,e , - ; : , - , z : :  a,-,:4. 
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NEGATIVE-BIASED DIODE CLAMPER. 

APPLICATION. 
f i e  negative-b~ased d~ode ciamper rs used r ihm i t  i s  

desired to shift and hold the reference level ( n e q a t ~ v e  
extreme for positive dlodt  clomper, cr positive extreme 
for negative diode clamper) of the :?plied s ~ g n o l  to some 
negative volue. 

CHARACTERISTICS. 
Estobl ishes  a d-c reference lp,,el of c s ~ q n a l ,  but does  

not offect  i t s  omplitude. 
The  reference level is alwoys a negative value equal 

t o  the bios  voltoqe. 
Input and output voltoges are in phase. 
U s e s  o diode, on r-c network, and a b ias  voltaue s u p p l ~ .  
A negative-biased diode clamper may be used as either 

o positive or negative clanper. 

CIRCUIT ANALYSIS. 
General. A diode clanper  (posltlve or neqatlve) i s  con- 

nected s o  that whenever tile signal w i n q s  in one direction 
(positive direction for negative clamping-neqative direc- 
tion for  p s i t i v e  clamping) diode V1 conducts to produce o 
short r-c time constont; whenever the signal swinqs in the 
opposi te  direction diode V1 dces  not conduct, ond this re- 
s u l t s  in o time constant dependent on a resistor in parallel 
with the diode ond coupling copocltor Cl, which is long 
with r e s p e a  to the time constont of t t . ~  reslstonce of the 
diode ond the coupling capocltor. Thus, t.No dliferent 
time c o n s t m t s  ore produced; o short time constant when 
V1 is condua ing  rmd a lcng time constant when V1 is not 
conducting. 

The output voltoqe i s  obtained oc:oss the parallel 
combination o f  the diode ond the resistor. Durinq !t,e 
short time constont a l l  of the input sig-o! voltaqe is de- 
veloped ocrcss  the coup l~ng  cclpacitor and nore i s  de- 
veloped ac ross  thed iode  and resistor, and t h u s  no output 
is developed. During the long time constant, pract~col iy  
none of the signal voltoge 1s developed across the coupling 
capacitor m d  pract~col ly  oll of the s~gxal voltcqe i s  3 ~ -  
veloped across  the resistor and d o d e ,  and thus arncti- 
colly a l l  of the signal appears or the output. 

T h e  clamping level i s  dependent on the Input voltoqe 
value; normally the clamp in^ occurs at a zero voitaqe re- 
ference level m d  extends in a posltlve or neqotlvc voltoqe 
direction to a voltage volue equal to the peak to p w k  Input 
voltage. With the insertion of a negative bias  voltoqe the 
reference level  i s  shifted in a n e g o t : ~ ~ .  directior.. A nego- 
t ive or pasi t ive diade clamppr hovirq o neqatlve blns will 
hove  theminimum negative voltage of the o ~ t p u t  at o ~ ~ f e r -  
ence  level  equal to the volue of the b ias  voltoge. 

Circuit Operation. A neqatively biased neootive bode 
clamper i s  shown in the occompanyirq illustration. Ca- 
"acitor C1 m d  resistor R l  form a?, r-c coupling network 
m d  determine the long !,me constont a s s o c ~ o t e d  with the 
circuit.  Election tube V l  i s  an ind~rec t iy  heated cathode 
type of diode. Th i s  diade during the t i n e  of i t s  conduction, 
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shunts R1 and together rr:th capacitor C1 determines the 
short time constont of the circuit. Voltage source EK 
provldes o negotive bios voitngu n,i.ich al ters  the reference 
level from zero to o neqorlvc r e i e r ~ n c e  level equal to the 
blos potential. 

VALUE OF INPUT 

PEAK- PEAK 
MLUE OF INPUT VOLThGE 

~iG 
+ 

INPUT V I  OUTPUT 

\ 

Negatively Biased Diode Clomper 

Re ! P ~ u :  IIO,?C~~TP. :i,own in the nccompOnyirm illustm- 
tion 1s 3 iy~lcil! I;IJC;P ?me. Prior to point A on the 
s i p o !  ~nl:.:qe :;n.iciorr. ti ?n is r o  input voltoqe. Prior 
13 p u n t  A on :$E S U I ~ ~ . ~ :  ,o!!::c i.u.vefaim, tire output volt- 
age i s  c!cir:;cirn: 9: :kc bias vai toqt  value. At point A the 
i:rst !eadir: ??qc c.i !b,c :"put iq:"ne wave occurs. Since 
C! ctlnict 1..;:i~.!3z<-.:.sIy ; i i ~ r g ~  :O this value, the full 
siq-rl vo1t:icc cppcorz i? :he p!.;te o! V!. The  output 
~volts.;e at p 3 1 ~  A 1:; thc ,oljphraic addition of the voltoqe 
ccrc;: ';I n;~:? :he c~ ; j a t ! .~?  5:ns v o l t ~ g ~ .  C o p ~ c i t o r  C1 
r5,crqc: :n;!lly, howevrr, cerouse of thc very s m d l  time 
constcr! :.,vith : s p e c !  !c :he ireqdency of the input siqnol) 
ilf C1 an!! :llr sro:! rrs:stancP of Vl during i t s  conduction. 
The o~tps:: v o l r ~ q i .  dl~i : : lsk,es  to thp b ias  voltoqe ot the 
some rote !hct C! chc:?es. T i l s  voltaqe diminishes well 
before ao i r t  3 iz :ecc'ied. Then the input signal reaches 
point B. cS?oci!or C I  ogoln cannot change i t s  charqe in- 
stan:ormuil;, and o k.:@ rcqntive voltage oppears on the 
plate of V1. Therefore, diode V1 d c e s  not canduct and a l l  
the voltage 0;:peorr scross PI. 7% oolltput voltoqe ot 
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point B i s  the algebraic sum of the neqotlve vaitoqe ocross 
R1 and the neqatlve bias  voltoae. 

h g  thep l l se  p r i o d  between points B and C, m- 
p o d t a  C1 discharqes sliqhtlv throuoh R1 for the duiaticn . . 
of the  negative P I I I S P .  Since the time constant nf R! OE? 

C1 i s  large, however, only a silqht crnoun! o f  this .voitoce 
leaks off. The  nmount of the voltoqe that d ~ s c h a r r ~ s  th ro~~"h  
R! suhnactn from the lioltage or!qnclly cpplicd ccm;; P,! 
a t  point B. Hence, ot point C the inltiol neqotlve char:+- ' c  
less than a t  point B, accounting for the dlp in the wave- 
form. 

M e n  point C i s  reached and the input slqnol n s e s  in c 
p x i t i v e  d u ~ t i a n  V1 conducts, ond camci to i  C 1  oqain 
m n o t  respond instontaneoi>s!y to the rnpid !ci!uqct.. 
" 6 1 ,  - - -  - L -  2 . -  n ..._ .".. .".."y_ "pr."." "il""_. U.YUL. ,,:c 

output voltage this  time, howei,er, is not only h e  voltoqe 
ac ross  Vl plus t h e  b ias  voltoge ilut it 1s i n l s  u i q ~ b r o ~ r  
addition minus the voltaae that i s  present ocross Pi.  S n c p  
h e  V O I ~ ~ C  3Ci05S r;! t-5 :,F~L .ly : l ~ , ~ i . c : : s c  
of C1, thevol tage across R! i s  lpss  than the voltoqe 
acmss V1 by the m o u n t  of voltage that has  leaked off C 1  
a t  point C. 'he output voltage a t  point i IS then slit$tiy 
more positive than the b ~ o s .  This  produces the slight 
positive peak on the woveform a t  point C, s ince the anode 
o f  V l  i s  moie posltlve than the cathode, V1 condilcts ond 
quickiy charges, removing !he small pip caused by t+e 
initial surge across V1. T h e  outpi t  ,io!taqe then drops 
t o  that of the b ias  voltoge for the remainder of the pulse 
width, period C t o  D on the woveform. 'When point D 1s 

reached the o n i o n  i s  the same os that occurinq a t  pnin! Y 
and !he cycle  repec:;. 

By reversing the diode in thc illustrated clrckit, Cr.e 
circuit becomes o negot~vely-b!,;sPi pas!!:.ie ^::o~F 

clamper. T h e  positivediode clomper normally has o posi- 
t ive output with a zero reference level. Ry i r s t ~ t i n q  t i ?  
negative bias, the reference i s  shifted to a negctivs 
.roltcge v d u c  cq.231 to.:he : ;cz ;.;I:;qe. 

FAILURE ANALYSIS. 
hnerol. Bmausc o! :he :e!a:ie ;ir,p!i;i:v ;f the 

nwptively biased negative or positive dlor!e r i r n p e r  z::- 
cuit,  ltrr failure analysis  ~s iirniteri to s ~ ' i t ~ j l  possli-le 
failures. Refore checking fcr  !q!!,:m- ,!!i'h!- *b- -!~::-r 
circuit, check the input siqnol !a determine whethe: it i s  
present and of co i i e i t  naveshape o n i  ilr::plrtu.lr. ii ti:e 
siqnui i s  present ncnl mrr?r!. the i3ul: must exist !?. !". 
clamping circuit. i n  man" Fnne;, n i-c potr-r!?r;l exl;!? j! 

, . 
the  input of the c!umiei , - i i i i , ; ; .  :k, i i= i rr-  i ; rlo i? ,  - !,I! 
coupling capocltor i l  to become leory !.or sllcrted] or?  
-mJSc *- a .".a!toGc di,;::;: ,?-!jz; :? , r ,  5; ,-c . - j . , ; - : t ~  -! 
'" """"cctcd i" ." .,-. . . ,  L ., ... .^. 0 1  . - . .~ ~ .4 .",... ,,., ". " 

rent flow cnn r rsul t  ~i the -n?ncitor is ! nn i v  (rr :L,xt-!). 1-.i 

th i s  wlll produce o chonoc ir. the rP;erencP lp .~e l  at 11" ":it- 
, , . . . . . . - . ".".".." . .  . . i -.,..- i...ii-, i .  1 . 1 . "  -"<L ,i ,.I 

likely that diode V! will cmduc t  ot a l l  t ines .  Check 
i i ~ p l i r ~ ~  r o p r i i o ~  C: :or lrukugr. 
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If t h e  bias  supply were to open, no output would he 
obtained. If the bias  supply v d t a q e  become shorted, an 
output would exis t ,  but the reference level would b e  shi!ted 
to zero instec?. of s a z e  neqc:l.re .~c!;c. 

If the resisto: P! :nc:eoses cmsidcrabl~y o h g e  i t s  
original voiue, distortlcn c f  tie output waveform 1s likely 
!n o c m r ,  e ~ p e c ! d ! ~  ..,he? tk iilp"! s i z d  i s  sxbiect  tc 
chmg;; in a m p l i ~ ~ d i .  I! tLi  resistor Rl deriei lses  LON,- 

sidernblv. distortion c f  t ie nstcut  .wcvefom ,MI1 o c a :  b e  . . 
c a u s e  of the decrcared r-c t m e  constant, and, as a result,  
undesirable spikes  will ie present i n  the output wavcfom. 

Since there ore only four components in the circuit 
there should he l i t t le  l i l f i l c ~ l t y  i n  t!etermining the flruity 
component. Rec:;to: ?,I GY be z ~ c n ~ r d  with m ohmmttei 
1" drrrrrnine l i  i rs  voilie :F  ivitnin t rp  orrentobi? t o i w m ~ o .  
Capacitor C! may be checked .?/ith u capacitor onclyzer or 
by measuring the .voitoge fro:: one plate of C I  to ground 
and then the 01hm p 1 3 1 ~  nf r l  10 qr?l~ri(i (i! !he vo!toges 
meusured 3% e q ~ d  r:.e CZ?CC::OI 15 ;;ort~Gj. 11105 v o l t ~ q e  
source EK n a y  be checked with n voltmeter. If ofter a l l  
known g w d  bias  supply, or with u voltrnR?r. If niter al! 
l h e  components ?love been checked tic trouble still  pe:si?lc, 
diode V1 must be a t  fault. A low reverse resistance is 
also an indication of o defective diode. 

WSITIVE-BIASED DIODE CLAMPER. 

APPLICATION. 
The  positive-biased diode clampci i s  used when i t  i s  

desired to shiif thp re!n--yr.- !Y?! nf the qp!iiYi sinnc! in 
a psi t l . .  .e ,..i ,::. ,r. .lo;;. - ,iis ~ j p i  of c l imi t  13 commoniy 
used in radar, !e!evis,\on, c\ndcoi:ip,~ters. 

CHARACTERISTICS. 
Output wavef0:- v?r!es SF.!;:CCT the WSlt1.i~ reference 

level and a vc!tage equn! t o  the sur. of, or the dif!ermce 
between, the peuk iu puui -::.;li:u:ir or:;i the posiuve re- 
ference voltage. 

Estnbl ishes  a d-c reference level !or the woveforr,, h:,t 
ices nct ;!:s~t i t s  c:.a!liu-'2. 

input ond v ~ t p u t  vo!ta?ez ore ?n phase. . . 
u s e s  a d ~ o d e ,  on r-c network, anc c blos supp!~. 
A ---..: . '  - -  

ru u.... L ... -- . . . " y  .,, .... L.! ..;::. :,,::. vw.;ii"~ GI,;- ,,=4u- 

l ive  c laxpers .  

CirtCuiT A i iA iYS iS .  . . 
Gens ,=,, k ...... . , . , , ' Y  . , . I..."::": ' 3 .  r;:lPr n,?cit:::v nr ~. irnct:..:; ~ 

,""*>, ,< ?,," ,,-,-,. ,:,, ,",., ..,""no~.o. .he .>!T)+"~- r.>>)77- 
~~ = - ,  ~- - -  ~ 

. ~. . 
In one d l rec t~on  (pcslt:vc i r e c t i n r  for neqative c l m p i n q  

ii,T7tilli i i r - .  i i,~,, ,,,,.;,;,,u,.!,,.,,.,;.,,.~,+:,,~,:<-,:n , - - -~ , . , , . . - . . . . 
2 , .~ ~ . ~ .  i.;r.-; - . . .  i ;~:..,L;;.L; rrheilcwi i r  
wo~ieforn s - ~ ! - ~ i  I-  I +  l-.r?nr.+- ,,,; ? I ~ - ' , ~ ~  th r  ?in?? ? , Y ~ ?  
not conduct, md this resul ts  ir n f i m p  r m s t o n t  Arpendent 
ii, t-,t i-i i i i i . lVih  <V;~,L;, i a  Y C L Y  1urlq WLL;, I C ~ P ~ C I  LO lie 
short time cms tan t  formed by diode V1 and capacitor C1. - 

i n e  output voitaqe 1s taken across ttle paroliel mmbi- 
nation of tb,p diode 0r.d :t:e r e s ~ s t a r  to qro'lnd. Durinq the 
short time cscs:w:, :I! .! :ti s ~ j r c l  ~ o l t u g e  appears 
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across the coupling copocitor and no vnltoqe appears 
ocross the diode, or the resistor, ond thus no voltoqe ap- 
p e a s  at the output. During the long time constont ~ r c c t i -  
cally none of the signol voltage oppeors ocross the coupl~nq 
capacitor and practically all of the signal voltoge appears 
across the resistor, and thus procticolly oll of the siqnal 
oppmts at the output. 

The  clamping level i s  dependent upan  the input voltoqe 
value, normally being clmnped a t  o zero voltoqe refererce 
level and extending in o positlve or negative voltoge direc- 
tion to o voltoge value equol to the peok to peak !nFJt 
voltage. With the insertion of o pos~t ive  bias voltace the 
reference level i s  shifted In o positive direction. A positive 
dl& clw~et (biased positive) will hove i ts  lowest p s i -  
tive w l u e  a s  the reference level. A negative diode clamper 
(biased positive) will have i ts  highest positive wlue  a s  the 
referenm level. ?he reference level will be, in my case, 
a d u e  equal to the value of the bios voltoge. 

Cirsuit Operotion. A positively biased positive diode 
clomper i s  show in theaccompanying illustrotion. 

PEAI  T O  P E W  VaLUL 
OF lNPUT VOLTAGE 

A. 

Basic Biased-Positive Diode Clenper 

Capacitor C1 ond resistor R1 form on r-c coupllnq net- 
work and determine thelong time constont assoc~ated  
with the circuit. Electron tube VI i s  an indirectly heated 
cathode-type of diode. This diode, during the time of its 
conduction shunts Rl ,  and together with C1 determines 
the shon time constont associated with the circuit. Voltage 
source Ebb provides o bias voltoge which changes the 
reference level from zero to a positive level equal to the 
bias potential. The illustrated input waveform is a typlcal 
square wave with times t,, t,, t, and I. occurring at the lead- 
ing and trailing edges af the waveform where the signal 
changes from positive to neqotive levels and vice verso. 
Prior to application of the input voltoge a t  time t, the 
output voltage i s  maintained at the positive bios voltoge 
level, that i s  at ,  say t 10  volts. At time t,, the negative- 
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going leading edge of ti.e square wave input pulse  occurs. 
Since coupling capocitnr C1 connot change i ts  charge 
instantly the total input voltage appenrs ocross reslstor R l ,  
and produces a negative spike of output voltoqe. Since 
V l ' s  cathode is now dr~ven negative with respect to b e  
anode, diode V1 conducts. The mplitdue of the output 
signal a t  this instant i s  a -25 volt peok of input v o l t q e  
plus a positive 10 volts bias, which add olgebroicolly to an 
effective -15 volts output amplitude. When V1 conducts, 
the short time constant quickly discharges Cl an2 the nega- 
tive spike drops to the bias level remaining a t  this value 
for the  remainder of the pluse width. In this instonce the 
effective zero level i s  not zero but i s  the positive bios 
level. Meanwhile, diode Vl i s  conducting lightly because 
of the positive bias, and creatlng the flat (batton) portion 
of the output pulse for the time remaining between t ,  and 1,. 
At time t,, the input waveform becomes positive-qoinq 
and swings t o  the full 50 volt pmk value. Aqoin C1 cor- 
not change i t s  charge instantly, so the iu l l  voltaqe appears 
o n a s s  R1. The output voltage now rises to +50volts, the 
sum of the peak input voltage (t50) ond the bios ( t l0 ) .  
During this time the cathode of V1 i s  now more pos~t ive  
than the anode and conduction ceases. Durinq the period 
between t, and t, C1 chorqes slowly thiouqi: the lonq time 
constant supplied by Rl.  At time t ,  the second lnput pulse 
ends ond the negotivegolnq trnlllng edqe causes the out- 
put voltoge to drop 50 volts. Becousc of the smoll ci.o:qe 
through the long time conctant circuit, thisvoltaqe aver- 
shoats the bios level, one !drops to t 5  volts instead of the 
normol bios value of + lo  volts. Tk,is o c c x s  becouse 
capucitor C1 i s  charged 5-volts dur:nq the pulse width 
because of the long tune constont. Hence, although the 
initial output voltage 1s 60 volts ot time t,, it drops to 55 
volts by time t, duc to t k  charginq of C1. Therefor?, 
when the negative 50 volt swinq accurs at I,, the output 
level drops to t5  volts. T:~Js on effective 5-volt neqative 
overshmt i s  pro,hcc.; :! the hottsn of the ivaveform. Tne 
n e y t i v e  overshoot drives diode V1 into conduction which 
quickly dischornrs Cl to t11c bias level and elinlnotes . . 
the overshoot pip. The output now remains a: the ti0 
bios level far the rennind~r of the flat (bo:tam) portion oi  
the waveform. At tlme t, the waveform ogom ck,cnqes 
direction and o positive-going signal i s  applied. The 
cycle now repeats, ond thus the negotive portion oi the 
waveform is held clomped to the positive bios level for 
the duration of the input signal. R e  distortion s h o w  in 
the illustrotion of the waveform i s  exaggerated to facilitate 
the understondins of circuit oction. Ir practice, the time 
constont of C l  and R1 i s  sufficiently lorqe that veiy llttle 
distortion of the waveiorm occurs. 

By reversing the diode in the illustrated circuit, the 
circuit now becomes a positively biased neqatlve diode 
clompei. The  negative diode clomper normally has o 
negative output ,with 0 Zero reference level. By insertinq 
the positive bias the reference level i s  shifted to a p0sitlr.e 
voltage value equol to the bias voltoge. 
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FAILURE ANALYSIS. 
General. Because of the relotive s ~ m p l i c i t ~  of :b.e 

pos~ t ive ly  biased positive or neqative dlode clamper 
circuit, the failure analysis  i s  a l s o  simple ond i s  limited 
to only a few possible follures. 

Initially, the lnput signal should he checked to de!ein!ire 
whether :I 1s presect 3r.i s! corrcct ,,,,iaveshope and ampli- 
tude. If the  bias battery or s ~ p p l y  voltoye should becone 
open no output woilid be o b t o ~ n e l .  If tlle bias  supply volt- 
age should bemine shorted, an output i ~ u l d  exis t  but thp 
reference level :uould be shlftcd to Zen  instea? of s o r e  
positive Y O ! ~ E .  1r l i ~ n y  CUSPS, 0 d< potentiol exis ts  at tile 
Input o i  the clanper  c l r c x t .  tnerefore, it i s  p o s s ~ h l e  for 
coupliny c p z c l t o r  C1 to beco,,lr irukv (or shortevjl and 
ciiust G w:i i ic  L:L~.Lc, u i t ~ w .  iu u c c ~ r .  S~r:ue ;upu;:;or ii 
i s  in se r l e s  w1th.r-siito: R! il rl?n!,n:!n,ls .-uTI-'~! !li...: coc 
r e d !  I! !i.t cz;r.~:itor 1; Iesky (or sho::e:ij, cr,l ti,;s ,;.;I1 
p r o c r l c ~  a cnnrge ic the r?!ererce levpl ct tlrp 01111~1~ !̂ 
ciornper circuit. 

If the value of resistor R l  increases cons~derabiy 
above i t s  origiilo: v o h e ,   ist tort ion of the output waveform. 
is llkely to oL.cdr, especially wher, the input waveform i s  
subject  to ihm2c- in sigma! omplitudc. If the value of 
R1 decreases  cocci?erablv, distortlor of the outout wave- . 
f ~ r m  1.111 sccc: 5,crl,re si !he dcc:ccrcd : ~ c  timc cocct:;:, 
and a s  o resu l t ,  u r e s l r a b l e  spikes w ~ l l  be present m the  
output waveform. 

There shou!d be little difficulty in determininq the 
component at i o ~ l t ,  s lnce there ore only four components in - the c1;cul:. 3es i s to i  ? I  m q  57 ~ . ? P S L I . T C ~  wll'h on ohnneter  
t o  determine :f the ;,c!:;i 15 w::hin tolerance. Ccpoc~tor  
C1 muy be checked uitl- 3 rnpncitor analyzer or hy m-as,>r- 
ing the s lo l tqn  fro: e c z :  -!zte 2: C l  tc ? : j ~ r ?  (I! :k.e 
voltages mecwred a re  eq.11, tlr? c o p x i t o r  i s  shorted). If 
every other component hcs 3e?r cnecked and the trouble 
s t i l l  exis ts ,  diode Vl must hen! fau!!. 

TRIODE CLAMPER. 
A clompinq circuit, vr'nsc'h 1s saa:etimes reterred to as o 

d-c restorer, or a ~ S P  !ine s t ibi l izer  in other publications 
holds either extrerre of a wa'veform t o o  ziven reference 
level. 

All c l o m ~ e r  circuits are dependent on two time constant 
c i rcui ts  required to establish the r e f ~ r e n c e  level to which 
the output i s  clamped, one c lonq time constont circuit n n i  t! 
oher a shori time cmstoni circubt. Tie img rime c m s t o n t  
circuit is 2evr iowd 5.f r;r !;,;.it cc8~:iini i ~ i u r i t i r i  an< ; 

~ -. 
~ e s , s t o i ,  ... !.,C, 1s S!l-:,P,. :y .> -1LUe. 11 e srm,!r! I,!!:- ,:>r:- 
stont  circuit i s  developed by the input couplinq c o p c l t o r  
uric h e  reslsrance 01 t:.r ;I&? Uuili;a r r i e  rune oi  its car- 
duction. >+ether t i e  c lo rpe r  i s  clornpe? in tb.e ~ c s i t l v e  CI 
" e.,,,,,,,p ,.,-,,,..,*- . , , , p"  ,.,. ,,.,-" .,, ,.,!r,!7?. ,.," -?... ". .-p , . . i ~ ~ .  . . ,~ . . . . . ~. .. .,, .. .... ~ 

d i d e  :i.. ,L ..U.,..r uy.l ,,,, iuyw~~:sr ...... k i~iir,ccu!;i. ii ri c c~;a;irsi 
i s  c o n n e c t d  !o he c a t h d r  of th r  diode the clampin7 c!r- 
cu i t  will c l o n p  in o positlve direction. If the c a m a t o r  i s  
ccnnectn? 1.; the :lot? ?! !"- ?io?e t i ?  cln:pi-.- t ..- r i r c i r  - ~i!!  
c1ar.p i~ a neacti.~,e ?i:?ctix. 
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Althouqh a diode i s  suff ic ient  to provide clampina act ian,  
i s  relatively inexpns lve ,  and requires l e s s  s w c e  nnd os- 
s c c ~ a t e d  circuitry than tubes with more elements, it sane- 
times become odvontaqeous to use triodes in certain 3 ~ -  

plicotions. A basic single-tube t:lode c lompr .  ,.will prviide 
a higher peak to peak output valtoqe for a 7ihver input voltaqe 

It i s  necessary that in o basic sinale-tube triode 
clamper 0s in most other triode circuits,  ti.at an l n w t  
couplinq cawcl to r  be connected to the arid of the t ~ b e  in  
a d e r  t o  prevent d-c couplinq. In the c a s e  of the basic  
s i n q l e - t ~ b e  triode clamper, the qiid of the t u b  a c t s  a s  the 
plate of on effect ive diode in c diode c l o m ~ ~ n q  circl~i t .  
Thus with the i ~ p u t  couplinq cawci to r  connected t 3  the e!- 
lective piote nf the r?tIrrie: nr,?nt?,vp clnmyrl  icohtn)?e.i 

Sowever, due to ihe phase Inversion ai the lnput and output 
sijr,als o! 3. electron t u b .  p s i t i v e  :la:pr; i s  obnine? 
at the plate of the trlde. 

Annth-r tyrp n! ? r i d -  c l n m p i ,  r h i c h  ,zces :,-7 ~ i ? , 2 5 r ,  
rather than one i s  the synchronized triode clompinq circuit. 
This i s  used in rototiny rodicl sweep radar opplicotions. 
where a trapezoidn! voltage i s  needed t o  produce the swsep. 
The  t ropezo~dol  sweep vol ta je  :orles above and below a 
reference line. In s d d l t i o ~ ,  'Se voltaqe t h ~ t  OCCI;TS beween 
s#eep varies in maqniiude, from w i l e  to cycle. As o re- 
SY!t, =+ ^^^  - - > . r c ~ . .  . ,, avvczv uLLaa u L L I L ~ I C ~ L  pbi~, t  or, t lk  bciee~, d u e  
to the effect of this difference in voltoqe hetween sweeps. 
The synchronized clamper prevents this condition. It i s  
necessarily a two-way clampinq circuit because the voitoae 
to be clomped must be clamped both obove and below a 
reference line. '!he circuit i s  mndr inopemtlve d ~ j r i r q  
sweeps,  by synchronirinq puises, s o  that nc clomplno nccsri 
6ur i r l  the sweep time. kt,:ee? swseps, !be c l l ? :x :  c>,?r- 
ate; acl! cl;~i;ps t';cse undesiiable viriations ir ~ , i l t a ; t  :: 
o reference line from o p s i t ~ v e  and neqotlve d~rect lon.  
The sychronized triode clamper, and the sinqle triode 
c!arnpr a re  6isc-sse? sc~:a:e!:. ;r. :kc fo!!s-i;: %;c;:;;h:. 

BASIC SINGLE-TUBE CLAMPER. 

APPLICATION. 
A h s i c  single-tube clomper i s  used where i t  i s  desired 

to obtain amplification of the input siqnal a s  :veil o s  
clamp one extreme of the s i a ~ o l .  

i P CHARACTERISTICS. 
~ ~ 

1Jiamplnc 1s accz-zlishc.? her:joe? :>,r ~ i l  c l ?  tLr 
co t ro le ,  t ~ e  ?rig cc!!~!  3 : : w e  L!~!P. 

' 10np lnq  oewccn  tne ;;xi cnC tr,e c ~ t t , ~ : ~  icr, m:.; k. 
in a neqative direction, s ince the couplinr: cowcitor  must be 
connected t o  the mid ni the trlcd?. 

Outpill token from the plate of the !node 'v,i!! k clc-.&. 
. -  - -=  ...,, - 4 ,.=- *:.,- .,." rLu.~.,c ..,' i,,i,,. 
CIRCUIT ANALYSIS. 

Gencrol. ?he rircil,t "protion nf t h e  ' h c i c  qlnqln- 

v;5e t r :dc c!::::p: v: 1srqeI.j s ~ i l c ;  tc :k,c: c: k c  i i d c  
clu!wpr. Ir h,e trlode clanjper, the control 3 r d  serves r e  
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same function os tb.c diode plats in the i l d e  c l o r ~ r  clr- 
cuit. The 7;id-!eak bias reslstor or.! cauplin.: :gpacl!nr ?c 
conjunction with ti.e  id to c3ti.ode resistance oi t5.e trla?? 
provides o means by wt,ich two t n e  constants 10.9 k ?TO- 
duced. These timc cor.stnnts emhle  c certoin bias level to 
be established, ,which f ivc i  the reference level to .:~h.ich tb.e 
output level i s  clampd. 

The qrid i s  mointoined ot o neqotive voltaqe, and since 
the plote voltaqe vorss  inversely an? i s  of opposite 
p la r i ty ,  the output vo l t~ue  i s  clamped at o positive reference 
level. The octlon of the triode clso povides omplificotion 
of the input siqnal. 

Circuit Operation. A basic sincle-tube triode clamper 
i s  shown in the accoapcnyinq ill '~strotian. C l  and R1 are 
the input couplinq copailtor on6 the ?rid leok bias resistor, 
respectively. Tney form the Ions t ine constant circuit as- 
sociated with the  clomper. The cothade to qrid resistance 
of w i d e  V1 during the timeof maximum conduction nlonq with 
C1 farm the short time constant circuit associated .,;riitt, the 
c lam~er .  R2 is the plote lmd resistor, wt,ich also provides 
the proper dc plate voltaqe to the plote of VI. 

RESISTbNCE- 
CATIODL 

lNWT _ _  -- 2 TO GRID OUTPUl 

- - 

Basic Single-Tube Triode Clamper 

The inplt siqnal i s  a typical squore wove, havinq eqccl 
positive and neqative amplitudes os shown in the occomwny- 
ing illustration. Prior to the application of tb.e squore wove 
a t  time to, theoutput voltage i s  held a t  o certoin level due to 
the plote voltage being developed across the plote lmd 
resistor R2. This voltoqe value constitutes the reference 
or clamping level of the output voltaqe. Times t ,  and t, 
remesent the leodinq edqes, and t ines t and t. represent 
the tmilinq edges of the input square wove. 

At time t,, the first positiveqoinq leadinq edqe cccurs 
and appears a t  the mid of V1. Since capacitor C1 cannot 

immediately chanqe its chorqe the entire voltaqe oppears 
across R1. Grid current immediately flows from cathode to 
grid rmd begins charging capacitor CI. The time required to 
charqe C1 i s  ver+ short because of the low cathode to qrid 
resistance of Vl. As C1 bccomcs fully charqed, the qrid 
side of C1 k a m e s  negative, ond the qrid i s  a t  the same 
neqative potential. This charqinq action continually reduces 
the amount of !"be conduction from the time of the initial 
application of the leadinq edge of the square wove to the 
time whereC1 becomes fully chorqed. This varies the plate 
output voltaqe from some neqative voiue to some pasitive 
value (the reference level) where it remains constant fa 
the duration of the pulse, until the trailing edqe of the input 
waveform i s  reached a t  time t,. At t,, the neqative-qoinq 
trailing edge of the input siqnal causes a negative voltage 
to appear across R1 and on the qrid of V1. The neqative 
grid swing causes the plote current to reduce, and h e  plate 
output voltage, therefore, rises to nearly the full value of 
the supply (qoes positive). At this tune, the input siqnal 
reaches i ts  maximum neqative swinq and the output voltoqe 
reaches its maximum positive swinq. For the duration of 
the pulse to time t, c lanq time constant path is offered 
through Rl to discharge C l ,  since V1 is no longer conduct~ng 
from grid to cathode (no qrid current is fla,*,inc). Becouie 
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of the Ionl r lnc constont snr! the  relotive!y skort ~ ~ 1 s t .  
width t ine ,  'J! dir-t,a:^;cs on!y sllqjltly before thc -cxt 
positlve leadin? n!,:r o f   their^;: s ~ o n c l  3pyrcrs a: t,. 
n,.- c;,F,A., i,.j;,c! 2 .--- - r - . .  5 .  ..-- . 
.>,a" .>"?, ...... "b ..... ,\, t.... L L, :k.c 
.,,*a ,,.,-- ",*" <"n.,, ";""*, ,.A,. A,. ".<A "' I!> --.... -- 
rY""'"L ." i,., i..p ", l,(,,". ....... Y......i. Y L  .. F l l i l " i  ... 
that 7116 carrcnt fit:.;:. 'dir:c,vi.ilc tir in?iens;? r l i l t ~  ?!I- 

I??! C ~ U C ' ? C  the F!?!- oc!!c;i !C ?rep L"!c\- t i c  c!c-;i:; ,... IL... . ,. , ...... 
i v u v l i l ; \ h i  ;us- u \  .vu,iu.~it i:urln; t h i  <is- 
ck?:;e pad. ~.T:Y:!!.;, !XI?,: thfs LC::&, t!,c ::.> ,;c:::;e 
i s  driven c tavc  rcro t ~ i ;  into tt.cpositi,,i ri..;ion -1n2 ion-  
h - c t i a r  tLr~l;qb. :!>? short ::-_I c~n:t,~r.t  j ~ t i  ! ! I r ~ ~ q h  the ;rid 
tc c ~ t h w ! ~  itlrrent qlilck.ly c:.\3r'!es 21 t3  t ' ! ~  c ! ~ ? ! ~ i n r  irv.1, - 
an,! !<,!,, ,A'. ~. < ,,,..:< hrn! Ti;. ..- .i,. -..-: . . . . . . .  ...... "'̂ -- - . - . . . .  -. .. 
. . :I:? :;; ,n ;;.;;;;;t :be , I-)': , I: . i . ........ , r -  
, , .......... ' \ ,  , . . . .  ". . . . . .  - .. .-- :-- - " . . . . . . . . . . . . .  .......... . . 
c ,  *IT- i'n: d m  :.'-:<':i,: ~-un-!.:rt uoti! :\e !:<:in; r. i ji- cf i1.c 
irp: P"i^" J! !*. Lt :. tit .  C\^!~. : ..... ., - , , ',.',?.. . ,. , 7r.7 7,-:1-n. 

ir tbi. .,,,. 7 .  :-.- .: * j iLT ti,? ?..: *? I.:. ..... ....... - .. - : . .<. 
Acrdcii.y, :I < < ; : : t , , ~ t ~ ~ n  <;r,owr, ,r, t:, II!CS::,;::CJ: 2: 2 G, 
o..,"..' ....... ' . -  .̂̂ .I .- 1. i ' i ;  -.;. ..l;.. - uiyYI ,...I...... ," ,~,LL"LL,. ,o >dC...~U, . b,,"tI-lx,,.,:,q 

cirrtlit action. Ir  pract!ce !hi. !!me c o n ~ t v ! :  , *  r 1  on? Q: 

i s  scff:c,c::t>; !:I. :<! t/!,7! ..... r. j I , ! t I?  ,:1str,:::,:,-, ,:f !b.E ,*,?\!?. 

i o n  mcui;. 

FAILURE ANALYSIS. 
No Output. If  ; rqcu:; " G V D  . -  d:mol .<<,~,ifi he ae51,qn 

limitntlans of t i 2  t r l d c  c!o:::;:?; ~ l i i ~ ~ t  i i  ;;plied t; t i e  
input of h e  circuit a "no o,utptt" :m.'ition :lay he tile re- 
su l t  of l c  ~ l c t e  ,ic!to~l;! r x r t i r ~  3 t  !/:? pizti. 3! 'Vl. Tt:lsnay 
he due to o !nu!!y n!nto s,pp!y .i3!!39~ :̂..:cc &de :G an . . .  
zwn sic:? rcsr;:~:, 5'. ,!.e ,031y ! 8 ~ # ~ l t y  ?,:T.- 

pw.en? t i o t  would reici t  ir 3 "nc o>:t'ju!'( ~ 3 r ? ? t i o :  is a 
icluitr t:.~:;: Y I .  

In a:?cr tn !?t?r?,ire wl.i,-il ,-nm;unmt !: tl.e x c s e  zi 
,I.- ,..- ,Jre ;Jtjilt" z--':t:o. .:.- 

U.~.I 1 . I ,  .l..ti!.r.cL to s c ~ ,  wviril nn aici i -  
loscnp?, if !he ;<rrrec! inpjt ii:nol i s  -;;!id. ;i z correct 

, . s,ana; 1; l i i i j~ ( i ;  i h ~ k  in7 f. ,l r.r..i., - 0  It E l h ! ?  !.!!?"o y... 

If no plate ~ o i t o q e  is present, r:.eck rmlstor H2 ;~i th nn 
oh.c!mcter. !f E2 1s i n  ccri.;.t;i.lt ;.;ixe zf r-ais:rrce, 

3 ,  
2k)e-s V,le ~ A G ~ v  Ldpprt .uu,lo~>e SL>rc:e .,.,I:, ,, , , I , , , ,  r?S,st- 

. , 
once voltn.eter t; !c:c:~,I:,c :: ;-;v, r.,::~ s x ; . , i  ,>;.:a~e 
ex!5!:. it  t:,?:? 1:: 7," ;ictc :.;p;;  li it^,^,>, trv t., "<!idbt . . . . .  .L. - .. - .-, , . , ~  L",,, , ~ L  ",,:.,J+ . , u , ~  =. >! ,.,. I:,::,,' c ,,,I, - 
*- .-r.en:z k i j t  Loill .i>e&rci \u:ti ir,e "no O J I F , ~ "  ~:xdi::cp 

s t i l l  t x l s t s  the trio;:e must oe ~uu,:;. 
" ; .  1: : : . .  . . .  - ..... .. . ...... 4 , ,  ..... ~ ~ y .  ..- .. . -  . : .. .  . I  . . . . . . . . . . . .  . .. -. . , , , . . . . . . . . . . . . . . . .  , d L  . .". 

. , < , I "  -..-,?-.:,. L ,..,-: * .  . . . . . . .  ~ ' ,  ~- ~ . . . . . . . . . . . . . . . . . . . .  

. C l ~ ~ p : ~ : ~  :: ;rcu] 1. 'rk!; !i:icrl :;;.". :I:; +< +je  t c  ;!~;! of 
. . : ! . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  . . ,,. . # . k _ L  

. : /,, ,: .:,!:#>!:r,; ; : I :  . , , : :d ;,-:-;s:-,q ,-,I, :.::orte,. 
. . . . . .  . . I . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! ~ f ~ ~ t , , ! ; .  ..1,,!,. ": 
- ,  
~ u . c : w l l ~ l r ~ c  #! t i  ~lte ciulp~il is 10;: 01 rllstolted, h r s t  

cI,r,^,. :j( .. 
i - . i h  d9du8c ,.dJr .#r#8t : ; L j : # , > I  ; .It> :1'~. , > ? , Z ~ ! ~ C : C S ~ ,  -, , . .. 

-,.CCK tnc C'J~C,.I:GI -1 ).,t:~ :n . : . < ~ r x ~ t  , - > p c ~ t c :  ,cb2eck.cr 
to 3cter-13,- I! It 1- cr-.. , r,i ..,::: ..;. .: - .-.I*--:, .--- L ,-.. . . . . . . . . . .  
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s ides  of C1 to ?round to ipternli?? i fC1  is  s h a t e d .  (If h e  
measured uc!toces ore q.:! the c ~ p o i i t o r  is  shorted.) C-.t,cck 
resistor 51 i i i h  cc oh!nzet~r. If i e s ~ s t o r  RI ?.as on accept- 
ab le  r e s : s t a r e  ~.ciue, shcc: resistor Ri ri~ti. 3n ohir~neter. 
ii resistor Fii 30s or. ccceptoblc reslstcnce v a l ~ r ,  nwsure ,  
the va!ue sf tile plcte va:t.;;e sxssl,,, Zhc, ,,+,~th. a hiqh .. wskwncc uuimlcl~r .  i! r:? piate s-pp!; volts,-e i s  incorrct :  
Gy to adjust the plate voltage supply source for the correct 
voltage value. if a i i  h e s e  components hove been checked 
and the "low M d!storted" ccoditim stil! exis ts ,  the triode 
must be defective. 

SYNCHRONIZED TRIODE CLAMPER. 

CHARACTERISTICS. 
Uses twc t r i d c s  co?;~:;;: i-, ;rries. 
Clarnplr? a:!lic b.:;ccn ~c;;t S~;KO! ~ 3 ~ j ~ t ~ ~ ~ ~ ~ ,  
S w c h r o n i z m ~  w i s e s  i r e  r e q u i r ~ 4 .  

CIRCUIT ANALYSIS. 
Gancral. A spc1,ronize; ( r i d e  ciar,per utilizes the 

conduction of 1.~0 trir,i,-s:r naintcin a s p c i i i c  reIereneE 
level durirg t ! : ~  tl:ne :i,:t no s i ~ n o l  is  present. At the time 
th,! h s  i?.?!.! ;i :::I ;: - . i s ,  i -,rjct:vt. ,v:,ie;anizin" . . 
clrlves the t i l u ~ r s  1::m ; -oncor?uc!!ng state fa t!:t r!uro. 
tion of <i~:,ync:.r3rin:.: ;.:lse. T?u ?~;iatir,r 01 ti,? swcnrp  

, , ziz:r,< $se 2 : , , ;  : ! ,e  : , r I , ~ , > , r  c! !.!? !?Y!t "!:7c! ::p !:,e 
s a n e .  Any , , ~ r i n t l n ~ ,  !- !i:e , v ; ! t ~ l ~ ~  &:::ei.~ iii7dt siqn(ils 
!-b.e? 5 e  trioii;ard~;;, ,i  ... t l : .  !j .-i !:n,;es h e  zrnount of 
sm,3,J=tim sf t:c:-i-'-.- ,.LC.. .,., L...n!rs!!,eur~lnl~nr ni pint- 

vo;cle,.": '. . 8 . .t,, ..: ,: !b'.!, :::z:c:, :c ,:;2zqe 
in plate ',o!toqeccn pD]'!tc re-iitnnc? 1s F , +  thct t t e  31.:- 
put vo!tnqe i s  -3,ztni~':  ;t :j.: r.:e:::,-i !2s.c!. 

, . 
Circvir Oprotioo. A lyLlCUl !r!:i.ccinrnpin; c!rcuit is  

shown in tt.eczc-:p-;.i:; iil~zt:a:il?. ;?I+ i:i:'.it i s  couplei . . 
rnrouT:! a;cc!:?: .:! Jl:?;ll,h t~ I F : .t:;.l. T.e i e r i p r  ? o r -  

< . . . .  . . . .  .... .- --  ...-. .', ...L... " L ,  1 . t : i : i a : " l ' l ~ : ;  If.SIStOT 
P.2 iEter---.- .i ,,.I- . : 1r.ld1 :I:,? ;ii!.~il.~ ,m!oc!tor 21 nnd the 

0l;tPutj or l'is jclnt 8::terc tne c2ri.s:~ of :i  (:,I: the  lot? 
....... sf"'" . . .- . . . .  : . . . . . . . . .  . , ,, , , , ~  . .  " .: . . . .  ", 

... . . .  . . . . . . . .  ....... "','fl!r:y : ,  ?,.. ;...- -.-;-- I - - -  . . , , ,  , , . . . . . . . . .  ........ , , ;  :.7 :... " A  . . . . .  .... . . . - . .  cr,,-, b!.~ -....,-,m ..., "?.. t , s .  
~ .~ . . . . . . . . . . . . . . . . .  ,. , 

XtW#e??. t:,c zctb.~.;e J?.,: t!.? r ; f  ';; ~ : 2 7 i n J t F ? t , , r , e  U+ 

- . " I 7 "  .>..?.. j ;- . L  ~ .. .......... . . . . . . .  . . . .  .: ir,.iiiil- .. cn3 re"ct I.,. .n!r .-..-.-.-. ..-- .:. . I..- . . . . . . . . .  , , , ~  ..,# ..c., = 
1.. -2 - .-..-,. , L . C I ~ ~ I ~ ~  111.1. .:.ere 15 ii cterrcystote p u r i d  

,..?lt:! c,> s q 2 !  ':.::l:tlLr: x t , ,*e , ,  !;,?.:~,<~!W~tn ?v:%!sform, 
, . .  A ; ... . , - . * 

-. , . I ~ . , ~ ?  ~.ii:i? ;1 ;no! !s ~pciiec:  t c  :.l;naritm 
L A .  in!- sync1ronizic: : : . !SF  S I ~ P : !  ~ q n ~ i - t -  I.: ..-..,...- . . . .  - ..... 
pulses equal :n 6'~:ot)on to ;n3 rccurrmo ot t h ~  t l m r  

CKAWGE 2 
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OUTPUT 

Synchronized Triode Clomper 

a s t i e  s a w t w t h  ~,vovefor-ni. The p e r i d  Sefween eoch saw- 
tooth, therefore,is equol to the period between each synchro- 
nizing pulse. A d i o y a m  of the correspmlinq t i n t  and om- 
plitude re la t ionshps  of the input, synchronizin?, and o u t p ~ ~ t  
waveforms i s  stiown in the occompnyinq i l lu~ tmt ion .  

S N C H R O N l Z l N G  
PULSE TRAIN 

Clanper Waveforms 

At the time either o positive or nelotivc s a ~ t o o t h  ,wave- 
form i s  applied t o  the input of capacitor C l ,  3 neqotlve 
synchronizing pulse 1s opplled t o  the syn:t.ronir~r; input 
through capacitor C2 on? npplied to the y i ? s  of t r i d e s  V1 
and V2. This  synchran iz inqp~lse  cuts  o f f  the t r i d e s  V 1  
and V2 for the duration of h e p u l s e ,  which i s  equal to the 
period of the sav,taath wovefo~m. When t i e  iuration of t i e  
sawtooth -:o.ieiorm ends,  the duration of ti.e synci.ranizinq 
pulse i s  likewise c o m p l e t d ,  and t r i k e s  Vl an? 112 r e t u n  

0967-000-0120 CLAMPERS 

to conduction, famlnq ovoltoge divider network. Thls  -;olt- 
a g e  divider consis ts  of the two triodes on2 a cathode bias 
resistor R2 in a se r i e s  connection, entendin? b e t e e n  plate 
voltage supply Ebb ond grmdr i .  

Ii there should be ony voltoge ot the input tt,at vories from 
the zero reference line, a t  t!~is time, t i c  car?uction af tnt. 
t r iodeswil l  vary in such a w a y  os t o  compensate for tt,e 
voltoge variation ondto maintoin the a l tpu t  a t  theze ro  refer- 
ence.  If this  voltaqe variation is poiiti.;e, thevoltaqeat 
the cothode oi V l  and the voltzce c t  the ploteof V2 isrmde 
morepositive. The increase? plate voltage of V2, in nos t  
c a s e s ,  isrelat ively ineffective in cbonginj  the amount of 
conduction of V2. The increase-: vc l to je  ot tb.e cothade of 
V1, however, causes  the grid voltaqc to a p s a r  moreneqo- 
live, thereby increasing the bios. ( ' h i s  positive increase 
in voltage i s  then much more effective in chonqinq the 
conduction of V l  tho" in chonginq the c o n d c t i a n  of V2). 
The  conduction of V1 i s  then reduced caxsinq t+e plote re- 
s is tance of V1 to increase, thereby causinq 3 lreoter voltoge 
drop across  V1. With the increased voltage drop across  V1, 
there will be less  voltage available a t  the p la te  of V2, ond 
thus a t  t h e  output. Thisvoltoqe decrease a t  the plate of V2 
and a t  the output i s  equol t o  the positive voltaqe variation 
occurring a t  the input. The out?ut vo l t a l e  i s ,  therefore, 
maintained a t  the zero reference level. 

If thevoltoqe variotion, a t  the time ti-at triodes V1 ond 
V2 arein thes ta te  of conduction, i s  negative, tinevoltaqe at 
the plate of V2 and s t  the c a t i d e  of V1 isneyt ivi . .  Tre 
voltage decrease a t  the cothode ai  V l  couses  the ,?rid voltoge 
t o  oppear more positive, hereby 'ecreosing thebias .  (This 
decrease in v o l t a ~ e  i s  then much nore effective in chanqin; 
the conduction oi V1 than in chcnqing the conduction of V2.) 
The conduction of V1 i s  increased causinc the ?late iesis t -  
ance o! V1 t o  dec ieose  ond cousin? tllp volto7e drcp ocross 
V1 t o  decrease. A more positive voltage i s  t i en  present a t  
the cathode of V l ,  a t  the plate of V2 and a t  the output. This  
voltaoe increase i s  a u a l  t o  the neoatlve v o l t a x  voriat~on 
a t  the input. Thus output voltage i s  molntaine? a t  the zero 
reference level fa a neuative voltaze vai~ot ion a s  well o s  a 
positlve voltoqe variotion. 

FAILURE ANALYSIS. 
N o  Output. A "no output" condition n a y  be due to any 

of the following iaiiures: on open eouplin? capacitor C l ,  an 
open spchronizinq pulse c a p c i t c r  C2, n o  input s i p a l ,  ai 
no synchronizing pulse tmin. These  f s i l ~ r e s  may Se located 
by measuring c a p c i t a s  C I  on6 !C2 with on ins i rcu i t  capoc- 
itor checker, and by o b s e r v i n  the input s iqnal  with on 
oscilloscope. If either the lnput siqnal or the synchro- 
nizing pulse troin 1s not present ct the respective irpurs, 
check the input signcl source or tine synci-ronizinr; pulse 
source with on oscilloscope. If the"nc-a~tput"  condiucn 
s t i l l  ex l s t s  after these ctlecks i n . 1 ~  h e r  made, c had .on- 
nection somewhere in the c i r c u ~ t  must be th2 ccuse. 

LOW or Distorted Output. A low Q distorted output may 
be due to my o! the  follmvinq dcicc:. (prc,;:de< the prgper 
input s ignal  i s  applied): Iwr or no ?late supply \ , d t a ~ e ,  
improper synchronizing pulse, open or shorted resistor R2. 

CHANGE 2 
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open or shorted resistor 31, o;rn or shorted copocitor C3, 
shorted capacitor CI, shorted copocitor C2,  or, if the con&- 
tion still exists ofter checklnq these comments,  triode V1. 
or triode V2: or bath uiodes must be defective. 

* t o  deter7ir.e i;t.icl 3: t k ~ e  c ~ i i ~ n e n t ~ i s  i t  :auk, firit 
check the ,?put s17nil .;;ilk, ;r, oscilloscox. !f t i? :npLt 
signcl icc?rrec!, ~ , ? . - . ~ e , !  ! r  ti- ~yrcirrmizin; p ~ l i e  tnp~~t  
and check the synclronir~n~ LLISP trmn with on O S C ~ I I C ~ C O ~ .  
If either t t~e  in!p.t .;hrjoi or ti.e syr,:hror,izin-j si:nt;I is 
incorrect t5e t ra~ble  is not in h e  slz-,ping circnt,  but i s  in 
somestqe prior lo  t i  cclu..:;er. if ti,? sy~~cI:roril~~n,j  [:',lse 
train iscorrect, chec"!h.e Fllte sUFp!Y i'oltc:7e *!iti 1 tlli? 
resistance v o l m t t e  If the plate supply voltoq~ is cor:ect, 
-Lee,, . D l  ". > "-, ..., - "L-~-.*-. '7 -.. -,,--, ~ ~ L "  ,,. " .,.... -. --  
pcitor C 3  with an inl-lrcult copacltor checker, or by meas. 
uring the voltage f i i m  both plotes of C3 to qromd. If both, 

voltoqes ore equal the copocitor i s  shorted. If 011 com- 
p*n-.c ",m'-,,"2 ," L,? ",.*:"'"" *-., .L* ," .,, -,,.-, k,, :- ,-,. ~"-.. .U",." .U". -".~u."b~"., ~..- ."".. ... " .,. 
either v i d e  V1 or t r d e  V2, or in bath triodes. 

CHANGE 2 





ELECTRONIC CIRCUITS NAVSHIPS WO.WO.102 CLAMPERS 

PART 8. SEMICONDUCTOR CIRCUITS 

DIODE CLAMPERS. 
R e  semimnductoi diode damper i s  procticoiiy iden- 

tical to the electron tube clampe, b t h  circuitwise and 
lunctionolly. &fore p r c e d i ~ g ,  !>I r s d n  sLo;!d revizti 
,Lo ,"".-.,"I "- n.-.l- " ? - - ~ - ~ ~ ~  , ...- ..,.,.,.L, ,,, ,;w= bLui i+wa in Pmi A - Eiectron Tubes 
in this section, os it is generally applicable to this discus- 
sion. 

Like the electron tube, thesemiconductor dicde clamper 
i s  used to hold the input signal at a predetermined level, 
either above, below, or at ground level. 'When the positive 
extreme of the mngut waveform 1s held a t  the desired refn- 
c;.;; !2iil, t l ~ i . i . ~ ~ ; i l ~  w ~ v r i ~ r r n  i s  eiiecnveiy shifted in a 
neqative direction from the reference Level, and such action 
i s  called n q o t l r e  clampinq. When theneqotive extreme of . . 
the input wavefario i s  held at L+e fixed ieference level, the 
entii e riuvelurrn iseifecnvely sh~ited in o positive direction, 
ond such action is called po~lciv. clamping. When thein- 
put signal isunclampd and is symmetrical, bath the posi- 
tive and negative portions of the waveform vary equally 
obove and below the reference level. 

To effect clamping, the semiconductor diode i s  operated 
a s  a simple switch controlled by the polarity of :heinpiit 
waveform. In the direction a! fwword conduction it posses 
the s i ~ n a l ,  but in thedirection of reverse conduction it is in 
effect h n  open circuit and b l a k s  thesignal. Although the 
forword resistance of the semimnductor diode is low, the 
reverse resistance is nnt in!inite like tho! of m ::= 
witch. In fact, the ieverse resistonce oi o senuconductor 
diode can be a s  low a s  50,000 ohms. In practice, however, 
such iow values me never used to any large extent because 
oi the ioading they present to the circuit across which they 
me connected. Design practice is to employ diodes with o 
back resistonce more nearly equal to that of the canvent- 
:on01 electron lute, which is in themegohm region. Ai- 
thouah the almost infinite resistance of theelectton tube 
connbt be obtained in the present type of semiconductor 
dinde u~ithout adversely affecting the Iorwurd resistonce 
and overall performance, fairly high reverse resistances 
ion be obtained. As a qenerai rule, reverse resistances of 
the order of hmmdreds of thousands of ohms ore obtainable 
and ore used. 

In addition to the inherent disadvantage of o relal~vely 
low reverse resistance, the semico~i,istor i i d e  alsc ho: 3 

capacitive effect which var:es with opplied veltge. phy- 
sical size; nndcornpos!tim. Lq nost C S S ~ C  t i i s  cspcitiiie 
eifect is small enough to compare lovorobly with tho! of the - ... .. ..G,. .,ke diade. However, w k c  the se-:cor;~u::z 
A < " +  i- .. ".-" > "sed as o d-c restorer ot video ond higner i r e  
q~ieccies, the shwting capcitance may 3ffect the wove- 
iorm of the siqnal. For these reasons, thesemiconductc 
?ids i s  gzrerdij  iesticini in use to d c  blos clrculls and 
low-frequency pulse operation. 

Since ine d i d e  m y  be connected to operate on psi- 
tive or neqative sianols ond may also k hiased positivtly 
ar neqativeiy, tour basic circuit voiiotians of the d i d e  
^in_" ^ ..._. _- .L.. . . . I  

, ... .." ,,sy zA,.,,; ,>a > t ! \ # W ! !  ! ! Z  ,JcL.J?.p,c?,y:G~ 1:P;S:ra~on. 
, :-" .-,,.. -" - z . : . .  - - , , c , ~ , ~  avsuhL88q, :\,e ,urt\>it>\eti d{r+- rj:cci!z c:e x! 
used extensivelv k o u s e  the reverse lenkage n! the diode 

NEGATIVE POSITIVE 

"W "IT 
IN OUT IN tf 0.7 

i I 
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BlASED NEGATIVE BIASED POSITIVE 

Types of Diode Clemping Circuits 

adversely affects performonce; iurthermore, these simple 
circuits ore restricted to holding either the positive or the 
negative pei? c i  the waveform to zero level. 'Rus, if it is 
desired to clamp the waveform ot a portimlar point other than 
zero level, the biased type of clomping circuit must be used. 
Biased dicde clamping circuits are used extensively in 
transistor switching circuits which operate at levels less 
., - ~ r i u n  the limiis oi cutoif and saturation to obtain more pre- 
cise switching. Eoch type of diode clomper circuit is 
discussed in thecircuit descriptions which follow in this 
sectlon. 

NEGATIVE DIODE CLAMPER. 

APPLICATION. 
The negative dicde clamper (a d c  restorer) i s  u s 4  

where it is desired to hold, or "clamp", the positive ex- 
treme of a waveform to a zero refaence level (the reference 
level for this circuit must be ground potential). 'This cir- 
cuit is commonly used in radar, television, telemetering and 
puke code communlmtlons equipments, and computers. 

CHARACTERISTICS, 
Input signai contains bath positlve and negative p a -  

:i;ns, but obtput slgnai consists oi oniy a neqatlveqolng 
-;in;: siz;:oi to tile ~ l i p u l  slqnai. 

Output woveiorm omp1;tude varies between qround (ref- 
rL=ncr ievei, ano some neqative value os determined bv 
the peak-topok amplitude of the input signal. 

irhput ond outpur signals ore in  phase with each other. 
2ied in conjunction with an R C  coupilnq network. 

CIRCUIT ANALYSIS. 
General. 7he unbiosed diode clamp is usually employed 

a s  o shunt onoss  the resistor portion of on R C  coupi~ng 
circuit. Yy p;;u;ding a low-resistonce path during con- 
duciior~ periods nnd o kin"-r~s!stccce po". dxi2': ncncm.. 
?:;:in< ;z;i;Ls, ;ILc d i d r  pluu~ira diiierent cnarge and 
dischcrge times !m the i ~ u p i i n ~ ~  copucitor. Wnen ine psi- 

ORIGINAL 
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tive portion of the input waveform causes the diode to con- 
duct, negotive clamping i s  produced, a s  described in the 
following paragraph. 

Clrcutt Operotion. The jchematic of a hasic unbiased 
diode clamp i s  shown in the following illustrotion. As 
shown, C1 i s  the coupling capacitor of an RC coupling net- 
work. Resistor R1 i s  the input resistor of the network and 
determines the long time constont (discharge period) of the 
circuit. Clomoinq diode CRl connected in shunt with R1 . . 
determines the short time constant (charging time) of the 
circuit. m e n  a positive input signal i s  applied it m u s e s  
CR1 to conduct, ond C1 i s  quickly charged to theinput 
potentiai. Since the output is taken from ocross R I  which i s  
effectively short ciicuited by the conducting diode (for- 

-CHARGE PATH 
- --C DISCHARGE PbTH 

ward resistance i s  only a few ohms), little or no outpu: up 
pears for the positive portion of any applied signal. Dw- 
inq the negative portion of the input signal CRI does not 
conduct (except for reverse leakage current) consequently 
the negative portion of theinput signal appears as the out- 
out across R1. This circuit ac ts  to cffectivelv shift the . 
entire waveform in a negative direction by holding the posi- 
tive w a k  of the inout sianal to the zero level. Therefore 
the input waveform can only oppear a s  a negative output. 
Thus the wsi t ive  wrtion i s  effectivelv eliminated by the 
clamping diode. 

In the accompanying illustration the input waveform i s  
shown a s  a square wave for e a se  of explanation. Likewise, 
the input waveform level i s  considered to vary from t 2  to 
t i 0  volts. Such an input slgnal i s  typical oi the waveform 
aenerated a t  the collector of an NPN transistor multivibra- 
t a r  (or an electron tube). Although a square wave i s  used 
in the following explanation of detailed circuit operation, 
any wave shape applied to the clamper input will be nega- 
tivelv clamoed without ooorecioblv chanaina the shape of . . . * 

the ;ave (provided the R l C l  time'constant i s  long with re- 
spect  to the pulse dwation). 

Capacitor C1 i s  charged a s  indicated in the above illus- 
tration to a potential of 12 volts a t  the negative peak of the 
input waveform ( t o )  At time 11, the input to the clamper 
circuit rises 8 volts t o o  t 10  volts. Since capacitor C1 can- 
not chonge i ts  charge immediately, the 8 volt change op 
pears across R1 andCR1, producing a positive spike on the 
outpu! ,.uoilehrm. Since !he mode of CRI is now 8 volts 
positive with respect to i ts  cathode, CR1 conducts and 

ORIGINAL 

Clamper Input and Output Waveforms 

charges C1 to 110 volts. The chorging of C l  occws rapidly 
because of the low forward resistance of the diode, and the 
low forward resistance of the diode shunting R1 causes any 
output voltage appearing ocross A1 to drop to zero during 
time 11 to tz. Simultaneously, the diode stops conducting, 
and capacitar C1 remains in i ts  charged condition for the 
duration of the pulse. 

At tz the input signal drops 8 volts (from 110 volts to 
+2 volts). Since C l  i s  charged to +lo volts and cannot 
discharge immediately through the long time constant clr- 
cuit created by R1, this negative-going voltage appears 
across R1 a s  a negative 8 volt output. (CRI cannot con- 
duct because i t s  anode i s  now negative with respect to i ts  
cathode.) Thus at point tz on the waveform, the input voit- 
age drops from t10 volts to t 2  volts, and the output drops from 
zero to -8 volts. During the time interval between tz and 
t3, capacitor C l  discharges slightly (from 8 volts to 7 volts, 
for example) through the long time constant path of R1. 

At point ts  of theinput waveform, the input signal again 
r ises 8 volts (from +2 to t10). Once again the charge on 
C1 cannot chonge immediately and the 8 volt positive 
chonge appears across R1. Because of the ossumed 1 volt 
discharge through R i  between times tz and 13, the 8 volt 
chonge now exceeds the capacitor charge voltage. There- 
fore. the outout voitaae overshoots the zero reference level 
and a positive (approximately 1 volt) signal appears ocross 
R1 and CRI. With theonode oi CRI positive with relation 
to i t s  cathode, the diode conducts momentarily to replace 
the slight loss of charge on C1. As a result, the output 
voltage quickly drops to zero ond remains a t  zero level 
until the end of the pulse at time 14. 
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At limp 1, the irput siq.01 oqdn  drops from ti0 tc 1 2  
volts. The 8 volt drop appears as a neq3tlve o,ltput across 
R1 causing the output voitoge to d rm from zero to -8 volts. 
Once oqdn ,  C i  beqins to discharqe throuqh the lonq limp 
constant circuit as ~ x p l o i n d  prrvious!y. 

Tne output wove!orm has h e n  purposely drawn to show 
o s u b s t m t ~ o i  decrease ;n voltoot caused hv the discbni:t 
of C1 durinq the duration of the neqative peak of tile input 
waveiorm (tlmes t, to t,  irrd 1. :3 t.). In pructice, however. 
the value of R1 i s  relatively lurqe so tifiat l l t t lc  d~stortior. 
results from the dlrchorq~n!> c i  S i  or i i o ~  i t s  chc r~n- i  
throcgh CR1. The sem~canducto: &ode, however, ,doe; 
have o much lower revsse i e s l s t m c e  thot I! t t ~  e!r;:::,- 
, . , L  .,,e. Since thib buck res l s t anw I -  r i fn~+i, ,e!v cc-r.cc:c: 
::. ;;;;ilel ~\,t;l hi, i l  iuwcrs tl?c overall output rrslstunce 
and reduces the ~vnl-i- r:! t k  !c:: : x e  ::r.;:;;;t. ?.creiare. 
mait  nlst~rt!o!l i; ;:il~ilccc DV i z i  s t r r i ~ o r d ~ ~ t o r  %ode 
c;arrfippr tnon !ne t u w  ?!n.:. . . 

k r o m  II~. tip!ar!tlua~. ri i l : c ~ i t  o2erctlan 31'1~ orave, 
11 is seen that the positive extreme of the input w r e l n r m  
hs; Ccr:. i,o:d i l r  ,:i i lmpri to 7.r. r t l r r e ~ c ~  !e.:cl, ;rd t;at 
.--, ,;.L enai; ~ v e l c ! o l  1.u:: :em si;;ited n q ~ t i v e l y  witt. ~ e s p e c t  

to this refer-::ce livc!. 

FAILURE ANALYSIS. 
Gencrot. Becouse ot  the e x t r e m ~  s~mplicif i -  I! the nmc- 

live diode ciamper r n m l t ,  tnerr  ore onlb a few r i s s i b i l i t i t s  
o f  troutlt.  The capacitor, resistor, and diode con be check. 
ed lor shorted cr opat-clrculted condltians with an ohx- 
xS:_, ; ; rc~l t  - iunct~oni;t j, ~ O , U P V W  T17111S1 nu r n s , r : b e ~  ..,!!'. 

an i s c l l i x c c p c  to detcrrnme ' ~ t , t . t n t ;  the ;~cveior;- IS  ;or- 

re,.t .. G-,: ,,, . ,he uoeiotion l i  nn:nrrl. 
NO O U ~ P V ~ .  h ~.:n-?.::.~::.. i :.:;aar~:, : ;,:<:: si in%: 

sijnc!, 3r shorted or 3eirctlvp diode con cause c n o a t -  
p?lt Innlcation. Usc T, o s c l l l ~ s s a ~ e  to determine ~ihetb,er 
tile uroppr input s!:n"l !r :reEcn! r71 ::hithi: :i -rr,-,.i: 
"".*-- D >  
"k.udd . ,., 

Lox Output. A !rik.i ;i w r t l d l y  si lor td ropoa tor  can 
c m s e  oti,er thm norrmol vitput. ijsuolly such u con8itinn 
will be 1nd:;oted by 3 ihonoe in :he d-c voltale  r.ecs~:e? 
across iii, as;uri!c a !.or-cl inp;:: s,,,Tc!. ~h '!efez!!,.~ 
,. , 

oiarl? CIL? "I:.? cnurc !::!r 21?:!:3z, and 1; dsual lV 13- 

aicoten by o mucil-ionel-tnm-:lam,oi revirsc res l s tmce .  
Distortion. Normally there si!umld k r  nc '!ctr,rt::- r i 

the o ~ t p ~ t  SITPI!. ?i::nrtin~ .i!sib!t r?: .I: ;sci!:c- 
SCcP? i * s L i ~  u I I ~ L ~ W ~ , I , . Y  r ~ - l ) n n s "  PI?! e??:!,:!. !CT :hc ;.;!:c .. . . . . . - , - . " *=., . , , L A - L  I"> d <::,,I:; :! 1:) , ? I~ - !L !  s57e c2r,.:*,T:! -::? ?~ 

I I-_ r.i~ii,r- >,, , , . . , , [ .  , :: ,.!? ' T  ... ,*.-,.,...,. >.. ,' ,,,-- -. ., -LvOL- -.- . . 
itor cilrckur to ietermlnr whetaer the iapaclto: 1s ii-nkv. - 

. .a= ,~,,,dl:,;:,,; L.e:Ile,,ls .:on be ,,'Rr,.<e:i ':;It? Q!, G-;..-mt,'.. 

ik certuin to observe t i ?  omppr ",l;r!!v rri:-n check:?,: :I;: 
. . j; ,>,;- ,,! ,,,-:->,. ., .: .- - . .i . . 

, - ......-u- " .....-.. ;..:: ;; "L~&I.cI , . ,  
Clamping i e r e i  Changes. A I:I?~SIV !:I - L T n O ! r -  

level cauln lie rn . i~- r i  i,\ ? ?e!ec!!vn ?I,:-~C. ; ! i , z k ~ .  -5:- 

pl:nq ,z@:Jator, Cl, or iiiwrx of inorjr a ; , i ; ~  ~mr,ll!r?z A: 

l o w  0% ,.- ,Pp;jt r , : l c m  .:-;!:?dc :s c:c...:::', C : C ~ , G ~ ; ~ , ,  ",>:: 
, \ ~ . >  -.-.. 2" "L "C,.  . j L i , , , ~ .  If, f:(,*)C,,er, !!!? P~!!:" c-:Ll:- 

,,,..- , . .~ - .  ..,.. ..-. ; .... ? t ~ ,  :- ,:s*.. I... : ',!,': 'I,. , - "  - ~ -.--" , I - - -  

w ~ i i  not be properly restored. This action o c c u s  becous~ 
the low an!pl~tuce p , ~ l s e  I; in3ble to :euch t ie  zero level 
or r!se c ~ . : E  ::. T?.;: ::i-ilciii CCX !lot C F P ~ C I E ~ I O  m t i l r e  
the c5ar:e lrs! :c t i i  ?iscll-i~jlr r 3: cosocltor C i  tltrauak. 
the Ion<; hme m n s t 3 ~ :  i l i m l t  bii*et.- plsc:.  Hence h- 
fo!io,#ln; pt i . ?  ,..!!I i!~:! n! ;crc ~3ii.; !,C:U,? i ; ~  irit, 
le:.r!. !! i ~ i ~ s s i i i ,  ~i : N U ,  be pozs:r!c tc rccz c neaotive 
voltole ncr?L-z ?!. 

Ir  the cc rc  c! ; iezlii cmaatur, rir eiodr wlll  caqduct 
constnrtly far c. ;--l!i.is .-jl;;:c (:!P:l .:cllccrar paiarltu) 
opp!led Ic, ti,e msir ,  3: ..<,ti. c c c c s t x r  n~qil!l,,e vo!tune 
m :p  --, I.... ,~ >.  L " , l r ,  8'Jr r,'.l,:r!:,;! T?;::~: 1: ::.:: GLt ,,> \, ~IOSE* - 
t r p r  L;:.".P. L:::: :Lr?i::>n r:.t,u :, ., .?:-II>:: 5, XSKlG,: 
. . .  . . . . .  
" . : r . --....?;., ,".~?,. ,L, ? ... ' ...-II _. "" ,,.... 
a! tne cl:-;. 

POSITIVE-DIODE CLAMPER. 

APPLICATION. 
The -s;:;,ve &ode ;:.I: :.+: (or :;C ~-;torer) is use? 

*rt.err i t  1 : .  .i"".~?' to :!1. 2: "̂ !,:i.,!:', !?!* "-?"!!"C ex. 
rreme oi ; :;weion:; tc .: zcn; rciir.:nce level (the r ~ f e r c n c e  
. . 
i I :  : circdli ,:..,at u i .  ,.:roun:: potent~ol!. Th i s  cir- 
cu!l i s  cczmcr ,? .. )SF-. 111 r.i,:n~, !i!e,~:5?3?, :e!e-iictiiiilll, 
ma co-.p,'.?:':. 

CHARACTERISTICS. 
Input 51mal :or tan? k tk .  ;oci:~vi. z5.i nrqatlve portlon, 

but Output slcna; rccsiit? nnly n! ? ~c::!i:ci-.in j sijrrol 
c,m,,  ". .? .L. :?. . , L , ,.b-.: 

Input c:?i -.c:;:,: s i~i lo ls  Jre i n  phcse ,wltheeo&, other. 
., , 
3 c :  :I ,: ..,. ,.::.. ,:,:::. ;:. ::: z ~ ~ g i ~ : : ;  :,et,*o<~. 

CIRCUIT ANALYSIS. 
~ ~ n ~ ~ ~ l .  "c ; n b ~ , ~ ; i i  'lr& :s > a u u : ~ r  cmolovrd - 
,> ,,,.....-A ^. -- - -..-.,. .-L.uo. r... ..-." ,' ,nr Kt.' ccup!!~: 

c i r n i t .  By p:wi31~.q c 1c.d) r ~ ~ s ~ s t a n c e  path 111lruq COR&;UC- 

c h a r y  :me5 !cr :I.; ,:~t.:.ii~; c l~ac l to : .  '!/hen the neqotlve 
pG:tic; 2; ;I.v I.I)L,~ .;I;-io:r-~ c l j s e s  tnc ? i i J e  tc conduct, 
0 <>s,,, "n ?,Q7","" , ~ *.".. .--: -- J 

. , ,, 
. . , ~ ...-, -- ,.... c . :., 2 > =  ,"l,L>'#- 

~ n z  po;o~rapl-. 
Circuit  Operation. ?;v izrr.-,Stic ai 3 DOSIC unbios~ri  

diode ,-;> , , [  , .  .- .- - - .  .. .. . . . .., . ,- . ,,. .... . . , .:. , :I,-;I!'.::L-~. I:; . - -  S!,C~,!~, :I :,; ::,. ,-:,,,r: :I:,! ,,.,<>c:.: .:>: -. -r p,. :>:p l: ,?.; :,:: ~ 

-. .,.r,,. 1. ?,< j ; . . t i j  i. , . i ,  .. ,. ,.,. . ,.-;-.-. -. . - -  - . ! - ' 
~ ~~~ ~ ~~ , . . . . .. ~ .,,,-,,,, 

JeICr::lir,eS 1r.C jOfi'; !!7,= :,Ynst,:?,t 9crlo<) of 
,-,,-, ;, ,-I---. . , ,  ,. -7:: , , .  .,,. ,. . ~ . , ., , ' . .. -". ,. , . .. , . . . . . . , , , . . , , , , , , , 
" -,-?-: +. .. .. . . . . . .... -- ,. , " , ,L  ,:Ll.,dr>>!:< !,:!,v, 2; 
lii,yLif, .I,: ,: .,i... .,i , . ,*  , , . I  . -  , .. - .  . . ~ , . .- .r-.... . ., ..,.. ~ - >  

;El 10 conguct, -u: '; :i , : , - i ' . .  P : . " ~ " ~ . :  t -  .. .LO ,... ~ .*-. * ~ 

v + n ~  +:.-' ,~ ~ . ~ . .  5.r.:- :., u-;,u, c l l h ~ : l  :r0!11 UCTOSS f i I ,  which 
i -  :,ff?c!:,,c,iy s:,:r! :.::u;tk; 2" 1c.c :o,.,.:~cI,:,., 5io& (for- 
, . , , . . 

,La l - .d  ":LC 2 :e:. w:.sj, .1tt1e or r,o O!,t""! 
uppecis !or t i ?  neqctl ' l i  ccrt:c?, c: aw, ,::rii?.! s:-lnl.  
!Jurlrl 3. . .c;,;i,;.  --.' . ,: . , . ... . ;. . ,  . .. , .. .:',;,": .,.:r.u. , v :  q,>cs !:xt 
-*. 1 ~.~ , . . ' --,,,.,,, , ,,.. - ,! ,.,! ; , ~  -. -~~ . . , .  . " .i,. I , F, .,.,<!:eq2cz::; 
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the  positive p r t l o n  of the lnput i lqnal  appenrs c s  the out- 
put ocross  R1. T h i s  clrillit octs  to e f fec t~ve ly  si.l!t the 
ent i re  woveiorm in a positive &rectum by holdlnq tt2e 
negotive peak o f  tk,e input slqnol to the zero level. R e r e -  
fore,theinputwaveform con only a p p o r  os a pasitive wtput .  
Tnus  the negative portlon i s  effectlvely elinillnoted by the 
clomping diode. 

- 
CHARGE PATH 

DISCUARGE PATH - -- - 
Positive Clamper 

In the followlnq waveform illustration the input woveform 
is shown os a square wove for e a s e  of explanation. L i k e  
wise,  the input w o v e f o n  level i s  considered to vary from 
-2 to -10 volts. Such an input r r a v e f o n  i s  typical of the 
waveform generated ot the collector of o PNP trunsistor 
multivibrotor. Althouqh o squore wave i s  used in the follow- 
ing explanation o f  detailed clrcuit operotion, any woveshape 
applied to the clamper input will be positively clamped 
without appreciably changing the shape of the wave (pro- 
vided that the R l C !  time constant i s  lonq ..vim respect to 
the pulse duration). 

Capocitor C1 i s  choiqed a s  indlcoted in the wovefor-r 
illustrotion to a patentlo1 o f  2 volts a t  the pasitlve peak o f  
the input woveform (b). At time t, the input to the clomper 
circuit drops 8 volts to o -10 volts. Slnce capacitor CI  con- 
not chonge i t s  chorqe immediately the 8 volt chcnoe appears  
across  R1 ond CR1 producing o neqative splke on the  out- 
put woveform. Since the anode of CR1 i s  now effectlvely 8 
vol ts  positive with respect to i t s  negative cathode, CR! 
conducts ond charges C1 to -10 volts. The  charoinq of C l  
occurs  rapidly becouse o f  the low forv#ord resis tance of the 
diode, ond the low forward resistance of the diode shun t~nq  
R1 causes  cny output valtoqe to drop to zero durlnq t l n e  t. 
to t,. Sinultaneously, the dlode s tops conductlrq, n d  
cooocltor C1 renoins in i t s  chorqed condltlor, for the i r o -  
tion of the pulse. 

At t, the lnput slqnol rlscs 8 volts ( f ~ o r  -10 volts to -2 
volts). Since C1 i s  charged to -10 volts one ccrnot  61s- 

Clamper Input and Output Woveforms 

charge immediately throuqh the Ion,? time constant circuit 
created by RI ,  this pasitive-qoinq voltoae appears ccross  
R1 os o positlve 8 volt output. (CR! cannot conduct 
because i t s  cathode is now positive \with respect to i t s  
onode.) Thus a t  point t, on the woveiorn, the input voltoae 
r ises  from -10 volts to -2 volts and the output r ises  from 
zero to t8 volts. Between pulses, durin.; the t h e  interval 
from 1, to t,, capacitor C 1  discharqes sliqhtly (ssy iror. -10 
volts to -9 volts) through the lonq t i n e  constant path of R l .  

At point t, of the input wovefon  the Input sima! oqoin 
fol ls  8 vol ts  (from -2 volts to -10 volts]. Once aqoin the 
charge an C1 cannot chanqe immediately ond the 8 volt 
negative c h m q e  appears ocross  R1. Because of the me- 
viously assumed discharqe of 1-volt throuoh R1 between 
time t, and t,, the 8 volt chanqe no"; exceeds the capacitor 
charqe voltaqe. Therefore, the output w l t a q e  overshoots 
the zero reference level,  and a neqative (approxi;;lotelv 1- 
volt) sicpol oppems across  R1 cnd CR1. With the cathode 
o f  CR1 neqative with respect  to i t s  anode, the diode con- 
ducts momentarily and replaces the slinht loss  of c i . o r ~ e  On 
C1. As a result, the output v o l t a x  .;uick!v drops to zero 
and remains o t  zero level until the er."f t'ne F d s e  a t  t i n e  
1.. 

At time t,, the input siqnol aqoin increases Iron - l C  to 
-2 volts. The 8 volts  increase appears os a positive 0iltDu1 
across  R l  cousinq the output voltone to rise !ran zero to 18 
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volts. Onc- o;ain C1 t.il;ins to dirchcrye throuqh the Ionq 
tinre constant c l i c ~ ~ t  as explolned previously. 

The output woveform nos been ourwseiv drawn to show 
a substantial decrease in  voltage coused by the discharae 
of C l  dunr.,: the Curorinn n! tl!c wsl!:ve pcok of the w o v e  
f o m  !time; 1, t: 1, cr,: t. to t,l. In practice, however, the 
voiue o! F!! :: TC!C:~L.C!Y loi'ii 50 tilot little distortion 
rssul ts  fro- Lhe discLai41n7 of C1 or iron! i t s  charainq 
thr0~3il CHI.  The s e r l c o r x c t o r  ?iode, t.owever, does 
have a muck, l ahe r  revers? rcs l s tmce  t n m  h o t  of an elec- 
tron tube. Since this O U I ~  r e s i s tmce  i s  cfii!ctiveIy con- 
n e c t ~ ?  in coml;d c i i  R l ,  I! lowers h e  avcrcli autptit 
r eas to rc i .  n n l  I ? C : ~ P ~ S  h e  ,rclm~e Q! Lhe !crz !imc Onston:. 
Thtreioic, .>re :lstcm3r IS rro.l,lr-n 1y ti.<, c ? w i r n ~ . i ~ c ! ~ :  
d l o l ; ~  L:ul..pu; :ilurl ::le l u re  :loie. 

From tho ~Y"I -ZZ! : . ; . :  z !  I::::: :j;;;ti;n qiven h v e .  
,s see> p,:;: :,,;- ,.." .... - .i +,.vr. ;nL;iii.i ai tire input wveiornl 

"0s  open be!- .r .-!,-1.~.. * -  *L; -.-,- -,-.iarir-; I ,.,..,.I : 
~ .~ .. . . , "  ,,,. 

*,at the entire ,wcveia:iii !,as aeen shifted positively wlth 
respect to this r e fe re rcc  level. 

FAILURE ANALYSIS. 
General. 3r.ciri- of r i i  yrtrr!. e ~ l : r ! ~ I i c i v  of h e  neq- 

alive 5 c + e  c!sr..-;e: ;:r;:;::, :L.:::: 3it. snly o :w po5~ib i l i -  
,,oc "; ?.*,,. ? ~ , ,  ~ 7 h .  ..-. .. -. . . ,.. .dk--. .=;..-.dr, crt? diude can be 
c n e c ~ e d  iu: s:,ortk3 or open-circuited m n d i t ~ o n s  with an 
ohmmeter. Clrcult iunctionlnq, however, must be checked 
with an os i~ ! l a scape  to detennlne whether the wavefonn i s  
correct onc tke operotion i s  normal. 

No Output. An i,r,eq C I I ~ I I ~ ~ P - ~  r?pc7!!91 C!, C!!?CI. C! 

input slqnal, or r: snort t :  or : ~ i c c t l v e  r:lclz crln cause  o 
no-outnut c-rur,:!ticl. ' 2 0  32 nic:!lccclpc !z :?tc:zicc - : - - .. . ,. . . . .... .. .,.. . .,.vu, ~ .,:,;; a1 :; kri;t-r u:;? i.rict;lcr i t  
appsms  icross E l .  

L o r  Output. A leaky or puitlally s ior ted copocitor, C I ,  
can ?"3S.? Cth?? !>2? ?cz:?2! z;:x:, !!.;;;~ll.~ st,,-t. a ,:<,r,- 

ditiCl8 WI:: be III;:~CO~C; by O ~ h o n ( : ? l n  the a c  voltooe 
r.eosd:c? ~c;os: 3:. ;1ss~1::1:ri~ u 110111:uI input s ~ q n o i .  A de- 
fect lve Jlocr c m  "153 come Inis Condition. and 1s iusa~nllv 
inci iotec by c ml;;n-~ow~r-ttlnn51n1m~~ reverse r e s i s tmcc .  

Dirtortion. Narm;:;!l,j, : n - r ~  i h n ~ l -  h a  :?n ?isto:tio:: of 
the outpJ! ;177,3!. :::,; ::;::i:i~ii ;i:ih!~ ~ i l  Jn oal:illo- 
scope (olt? c i;nq~,ensy I P S / O ? S ~  I.ljrl  cno~lql! for the pulse 
used) indlcotes Q r h o n ~ ~  I P  - l r r l l t  *IT<- r m s t a n t s  d!ln tn 
defectlvi. rr-pr-;-tx I:;? 2:. "::;i.:::::::" :YCiof cam- 
c,,L>r, :.? c?v?<*. !.., .,' ,,aTm,mm ,.,ha,,,". ."* ---"-.'.-. . -  >. 1 . .  .. . . .  . ..,... ~, ,\,, ;. :iilai. - 
,:,? ~ - ! > .  ,:;;:-..-.F.:. ~ ~~ ,:zr, :,e ;! ,u,.v,,,! ,::, !b. T. *b T?-~,,-. ~. .~ ~ 

,->. ..:. .," .- "--.~,,. , . h ,  ,----- - ,-,.. . .  ... . . . . .. L. . .  ?.-*=. 9c.z:~tr .A!E~, clleckino the 
&o-:F; ?.p . - .  ,. ...... ..:.-r, cn c r i o n a ~ ~  ; r d ~ c o t ~ n n  wrli iP nhininpi! 

Clamplnp level Chonoes. A cnac,,? i l  l P p  rlornninc 
ie;c; cs:;.; 7; ;: , iF :  -i!i.c!!"e C,"CD, ICdY 

L",,,.2,.,,, 

, .~ . . ., . .. . ", ,. a: Ayd: LLLC G ~ ~ , " ~ , I U , I ? .  As 
.. . . .  . . ~  ." ,,,, .>.- , ,, 1x1: I ,,.:.- , l ! .!u>,, t : :? !>- "n,-Xml r l n ? ~ ! " ~  w, , I  

n"",,r ,?= - . ,r"r, , , . . .  ,,p,,<, T' L -...-v,-. .L- - ... . ... .. , , . .., ,..,., - ... ,.,< ililsc ur!,vlitudi. 
vor lc i  irorr. ~uI:: I(; n!i.:y IPP  lniv nnp!!!uin :.~!ccs ,::;I! is: 

. . . 
t .- ?..., .. .::,,.: :<:;>:, x z , j r s  ~ L G " S C  tk,c iow 

a- ., . 
,,,,,,,L,~,,,< : > I . .  <.. ,.:!,:>,.~ LL' !*>~'.'! !!I? 7.2rc l",J?l ,;r I m p  bc- 

1- ,""" ,,. . , . . , ,  . . .^ .,-, --,i) r..n .̂  .,..l".. .i.. L ... ? , ~. -- ..,--,.".,., 
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lost  in the ~ s c n c r q ~ n q  of copacltor C1 thrauuh the iono 
tune constant clrcul: het,,ein pulses. Hence t h e  followinq 
pu l se  w ~ l l  stnrt at some poifit q b w e  tCe =era !eve!. If 
excessive,  i t  mcy he poss!bla to rend n c a n s t m t  ps : t ive  
voltage acioss  Hl .  

In the c a s e  of a leak,, cnoocitor, the d i d ?  will mndilct 
constnnriy for o ct.qo!!,ze i i o l t a q ~  (P?!? c o l l ; ~ - ~  m ] ~ r ; t ~ )  
opplied to the cathode, or ior the opposite cnsp  (NPN 
trons!stoi) i t  *ill  O C ~  os o biased type of clomp. This  con- 
dition may be checkwi by mokina o voltooe check with o 
VTVlrl connectei  across  the output o! the  clomp. 

BIASEO-NEGATIVE DIODE CLAMPER 

APPLICATION. 
The  b.csed-ne~dti.; diode clamper 1s used in t rm-  

sistoiized equi?mprt -;hen i t  is desired to sh i f t  the ref- 
?:'?F:Ce !e'?e! C! !!, ' yF;:i.,! .;i=d irt G r : rddhvc d i c c ~ b m .  
This type of c i r c l t  1; commonlv used in rador, television, 
m d  computers. 

CHARACTERISTICS. 
Establ ishes  the d-c reference level of the waveform. 

but does not nfiezt 11s amplitude. 
, I - .  u r r s  a diode in  canlilnctlon with an B-0 coupling c:i- 

m i l .  
Can clamp either extreme of the input waveform to the 

negative reference level, by reversinq the diode. 
Reference level e s t ab l~shed  by the omount of neootive 

bias ICPO. 

CIRCUIT ANALYSIS. 
Gsnarol. :fie t.:cs< r l r x t l v e  diode clamoer mov be of . ~. 

either the positive or neqotive type, dependinq upcn the 
relat ive connection o! the dlode with respect to t h e  bias. 
r ~ - - l ~ .  . - 1 1  -..L.,.,.,.~,niis, il3- !e!vience iei,e! gi t h e  cc;a::r.ei).- 

hiased dioac cim:per ,will be a t  some neqotive value. If i t  
i s  a negatively-blosed posltlve &ode clamper, t h e  output 
wavefort? *1!11 start ot this neqntive value and extend in a 
positive direction. if l t  1s a neqotively-biased neoative 
diode c l m p e r ,  the xtpl;t ,vm;efcr~ ,;;ill s t m t  a t  this  
neqative re:crer.ce l i ~ ~ l ,  m.1 extend i n  o npootlve ilrrctlnil.  

The circuit i s  comprised Sosically of a dlode ond on RC 
network. 7Flp d i 0 2 ~  CCIS 3 s~.?tch,,  c!osinq CZ 32" ha!f 
qc !e  to :mv??e a ,:er; sho:: RC t imi  for the imii i~i ir~, tlrld 
,,pninS or  !" " 8 ,  -.-̂  '" L"8' -.- I -  ,,,. ,L ,  :z provide a ;onq t i~ne  
c o n s t m l  nnlcr ,r?c?'?:: ::TD- I r e  s:zc 31 3 IPE?S:CI ir. :on- 
I?mct:on a: t t  r e  ~ c p c i t r r .  i i  ~ e r a l i  result a t  the output 
i s  a reproducrlon of the input, hut shift& m o new i e f e m ~ c a  
level. 

Circuit Operotion. A !;pica! neqs!;re!y-bicsed n n a t i i i e  
. . 

2 2 2 ?  ::2.7;2; ~ ; ; u d t ~ ~ t ~ ~  "A*. 
Copucltor C;i m c  :p;jrtm HI for- .T iir m l l p l i r 7  ?el- 

work and de te rz i rc  the !om l i c e  constont associated with 
the circuit. 3iorie iCR1, riltrln: the !ime n! i!: mzdnc!ioz, 
together with C!, 2~:erziire the skrorl tifie constant associ-  
ated with. tile clrcuit. Tne nlnr  sopply, VCC, olters t5e . . 
reference i ~ v p l  irp- 7~:" rn o !eve! equal to t k  510s. 



ELECTRONIC CIRCUITS NAVSHIPS 067-000-0120 CLAMPERS 

CI -7 INPUT OUTPUT 

T VCC 

+ 
0 - 0 

Negatively-Biased Negotivc Diode Clanper 

Whm the circuit i s  initially enernlzed and w~th ro s i s  
nal opplied to the input, the diode benins conductinii k 
couse of the neqotive potential (VCC) applied to the cathode, 
As CR1 conducts, capacitor Cl ko ins  charqinq, ond when 
its chorge is equol to Vcc, the diode cuts off, since i ts 
mode ond cothcde p t e n t i o l ~  cre now equol. The voltaqe 
ot the outout i s  ot this time eauol to the blas voltoqe VCC, 
or -1 volt. 

When o siqnal i s  opplied, as illustroted, !be followina 
oction occurs. At time t , ,  the voltaqe increcses almost 
instantly from 0 volts to o t5 volts. (7b.e voltoqes used 
here are only lor ease a1 explcnotion). Capacitor C1 cannot 
chmqe its chmrie immediately (kccrlse of the prnperty of 
capacitors), and the anode of CRI suddenly becomes more 
pasitive thon its cathode and beljins conductinil. Eecauie 
C l  connot immediotely chonqe its cl-orqe, the entlre input 
voltaqe i s  developed ocross the diode, ond the o,~tput, 
taken from across thr d i d e ,  mcrecser 5 vo!ts in o Foritive 
directicn. Because it does not start at 0 volts, but at O -1 
volt, os shown on h e  illustrotlon, LLleoutqilt TISP5 to +,I 
volts. Tne conductin? stoti. o f  CR! ;ruvides o vcry .<hart 
time mnstmt for the copcc!tr.r, b.o;,w~r, m.~! CI rnpidy 
charqes to the new voltozr. As :'I ct,cr3rs, L ~ E  mltgqe 
drop omass CHI :iecrm:;e;, an,: : , n c~  ~ q c i n  rrnchcs -1 w!t 
when C1 i s  fully chor(ieri. 

The outpt~t rertloins ot tt.is ,voltcie until the neqntive 
swinq of the input siqnal at time t,. At this tirre thp input 
swinqs from o t 5  volts to a 5 :olts. kqoin, C1 cannot 
immediately chonqc its chor~e ,  but t h s  time the diode 
cannot conduct, because its anode is neqative with respect 
to its cothcde. The entire input voltcqe is therefore d e  
veloped across Rl, ond the output voltooe chonqes 10 
volts in o neqotive directmn fror the !-volt reference 
level, or to -11 volts. Eecouse the diode is not mnductlnq. 
Rl  provides a lonq time co~stont fcr C1 7-6 tt,e copacltor 
b i n s  charqinq very slo;vly to tb.e -5 volts of the input 
signal. R e  capacitor chor,res very slov.,ly .kouse of the 

Ionq RC time constant, nnd w!.en the input sionol reaches 
t,, the tot01 output has onh. drcieasd !o, for exmnple, 
from -11 to -10.5 volts (ths cupacitor has chorned to .5 
volt). At time t,, the input xo in  rises to 1 5  volts, brinqinq 
CR1 into conduction. Thihlt s~dden  t i 0  volt rise a l s o p r e  
duces a +I0 volt increase in the output. Since the total 
output i s  10.5 volts at this time, o t10 volt increose 
brings it up to -.5 .volts, .which accounts for the small 
positiveqolnq p e a  3t t, in the output waveform. k o l l s e  
of the short PC time provided by CR I, the capacitor quickly 
chorqes oqain to -1 volt eliminctinq the peok, md the oot- 
put remains a -I  volt until time t., when the cycle moin 
repeats. 

By reversinq the diode, ti:" circuit con Se converted 
into o neqotively-biased, posltive diode clomper. The 
difference at the outpi~t then n.ill be thot the entire output 
waveform will he clamped above the neqative bias wltoqe. 
instead of klow i! os in ti!cneoctive clmnpei. 

Eecause the rewise resistance of a semicondunor 
diode i s  lower t5nn that of on electron tube, khe t w e  of 
diode used is selected to hove a very hiah reverse resis- 
tonce. %is is recessow to keep the shuntino effect of 
tile reverse resistonce to a minimun. 

FAILURE ANALYSIS. 
No Output. The absence of on input siunol, or an OW 

C l  ore the only prolxhle causes 01 a ncmuiput condition. 
Check far the presence of the inpot sionol with on oscil- 
loscope. !f siqnol is not present, the fault lies in o p r r  
cedinq stoqe, and the clanper is proboMy not defective. 
If o siqnal is present, chrck C l  with on in-circuit capacitor 
checker. There is also the possihllity tho1 two components 
such a s  CRl and Vcc, or Hi ond V::c, arc both shorted ot 
the some time, thus prodilcinq o short circuit across the 
output. Check the bias supply with o hlqh resistance 
voltmeter for proper voltaqe, nnd Y 1 ond CRl with on 
obmmeter. Care should be used in checkino the diode, os 
erroneous indications moy te obtaincd by not observino 
proper polarities. For the specicl case where the diode 
is not completely shorted, but reads a very low resistance 
of, say 2WOohms or less, it can be considered to be de- 
fective. 

L o w  or Distorted Output. A partially shorted CRI, o 
leoky Cl,  or R l  deneasinq in volue con couse o low output 
condition to exist. Actuallv, the outout will not be low 
~ ~ ~~ . . 
without beinq distorted, nor will it be distorted without 
k inq low. Check Cl with an in-circuit capacitor checker. 
and R l  and C41 with on ohmmeter. Care should be used 
in checking the diode, a s  erioneaus indications rnw bc 
obtoined by not observinq proper palorities. For the case 
where the diode is not completely shaned, hut rwds o vew 
low resisrrmce of, say 2 E G o h s  or less, i t  m be coo- 
sidered to be defective. 

Change in Clamping Level. A chonae in the bias supplv 
voltoqe, Vcc, will cause the output clompinq level to 
chmqe. Check for the proper volue of voltoqe with o 
hiqh reslstonce voltmeter. 

CHANGE 2 16.86 
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BIASED-POSITIVE DIODE CLAMPER. 

APPLICATION. 
T k  lheased-posit~ve diode clm,oer is used ir irnnsis- 

torized equipment when it is 4esi:ed :a sh!: the ic-liroir- . . - 
level cf the applied signol a neqotive direction. I h:5 

type o! circuit is mmmonlv used i n  rodor. teiev?s!on, 23.: 

CHARACTERISTICS. 
Estoblist~es tile d-c reieience levrl of the waieicm 

but does affect its omplitude. 
Uses o diode in mnlurctioz .::it: :n D-" milrlirnl 

cilcuit. 
Xu,i c i m p  eiiner extreme ot the input wa\.e!orm to the 

positive rrfprence lcvel, ty :euei;in : : i t  .I:o<k. 
Helerencc level estobllshec Sv t i? axount of pos!t!,.e 

&as used. 

CIRCUIT ANALYSIS. 
Gsnacal. The bicsec pasitive ?iode clanlrler ITIW h r  of 

either the posltlve ar neqotlve type, dopendinq ,upan tke 
relative connectlo. ol the diode .w:tt, rcspec! tc the bios. 
Under all circurns:unces. tt,e reiermce level of the 

the output waveform will start at this positive vollle 2nd 
extend in o posirive direction. If it 1s o iasitively-biased 
neqative diode clmnper, the output ,,voveform wlll :-tort at 
rhls p3sitlve reterenrp levpl,  ex!^.?.? :: 7 :.?:f::.r 

direction. Tne circuit is comprisei !iul:lcolly of a diode c:d 
on RC network. :'he diode cc!; 7; : :w::,-: . . lo : 1, . ~ p  I.::? 

holf q c l r  to piuviie a vr:; ::lc:rt ?I rime isi tPe curmci- 
tor, and openinq on theniternate holi c;.cies. to prnvi?e o 
long time constant which depends upon the size o! c resistc: 
I!! ccln;unctisr. wi'L tLi Ciij.,>l.?t..l, 'I?:* c,>e:ci: :.-:;;:it zt LLt< 

u~j iwi  ir; u reprcduct~m ot the  mput, b ~ t  shift%! t o  a ne:: re! 
ermce level. 

Circuit Operotion. A tpicnl ~s!!!!!e!y-h!l.ce!? 
positive diode clamper i s  illustrated klow. 

PEA* TO PEL". 
VALUE OF INPUT 

7 ,  T, 7 -  T a  

Poritivciy-Biored Pssit i re  Diode C!r .mnc 
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Capacitor C i  and reSlst3r P i  toim an RC cou~lln;r na- 
work md determine the Ion? t i ~ e  constont ossocioted 
with tile clrcult. 3 o 6 e  Sei, ?tirinq the time of its o n -  
duitiori, twerher wit5 Ll. ietemine the short time constont 
associated ,:;itb t L -  circ 111. T i c  blos supply, VCC, alters 
.L- .-, ..-. . ~ .,,, ..iLsLcliL~ :eve; iiirn zero 10 n ievei equal to the bias. 

When the circtiit is inillally eneraized and with no 
siqnol opplihi to the input, tne dmde teqins condactino 
kcouse of the positive ~ t e n t i o l  (VCC) applied to the 
mode. As CR1 conduns, copocitor Ci kains charaina, 
w6 when its chorqe is eq!~ol !c ' Icz,  thc diode cuts off, 
sir.cc :t3 m d e  and cathode potent~ols are na7i ~ q t ~ o l .  The 
valtoqe at the I L ~ J I  !L  3t t i i s  time equal to tir b ~ o s  
voifnqe v - r .  or t! .:-I:. 

When a siqnal is mplied, ns ill~~strnted, the !ollowinc 
srtior, oscurs. At ti-e t,, the iripdt wltaqe increases 
nlmo;: ::.;tmc:!y from 3 voks to o -5 iiolts. I I h . e  voltnn~s 
~ s e d  here are oniy iar eose of e.xplanotion). Copocitor Ci 
cannot ciionsr its charoe ~mmedlotely ! k o u s e  of the 
property o! cap~; t .c ic) ,  and thc ~ n ~ < ! o  o f  CR1 suddeniy 
becomes more positi:re tLon its i r i t t . , ~ ? ~  und &ins mn- 
ductinq. Becousr C l  coonot inmc?:ntelv c!>onoc its 
chorqe, the entlre input voltox i s  ~?Pv~IoPPI! across the 
d d e ,  ond tLc 0,;:~:. tzksr, f r r l  nr-cr,,-- the dio.'e. 1- 

creases 5 volts m a neqotlve dlrectlm. Because it does 
not stmt at ti volts, but ot the hias level of ti volt,as 
shown on the illustration. t ! . ~  C I I I ~ U I  decreases to oniv o 
negative 4 volts. D,c conductlnq stote of CRl provides a 
'icy rhcrt t:-r ccz;::;: i i i  tkt C S P U L ~ I U ~ ,  however, and 
.3i raplaiv c!,or.:c,s to t L e  new voltaqe. As Cl chmqes, the 
voltc~e drw ocror-:- ??! decreases, and once aqain renches 
? I t  I , : !t,ilv c!.orqei. 

'The n ,> tpo t  ierr.:. ..: gt t!.:s voltcae until the oositive 
swin; D! the irp~.:  .:11:1ol at titne t,. kt i h l s  tune the input 
swin.;. !:or c 5 volts to 0 i 5  volts. Anoin, i:i rannc* 
immedioieiii rhnnqe its C~S-JC,  3:: tk:; ::mi the : i ~ &  
ccnmt conduct, kccuse its mode is nenotive with respect 
to its cath.ode. C!e entire input vallo:~c i;, thewlore, 
drvr:u+ed ocrcs.. E1, - ~ . . i  t::e output volt3q~ C ~ ~ L I C S  5 
volts In c F;ltlvc ;lr?c!i5n iron; rile *I wi t  reiercnce 
ievei, or to +t :,olt.;. i30c:~lsi. tile ? L O ~ F  (5, mt mnductinq, 
?.! ?r;.i'o> u i~zr; . :  !,:!I: i.:.r,:,:>nr :;: .I onc the capacitor 
begins cllurqinq very sia,+!iy to tne i 5  volts of the lno~~t  
slqnoi. 1"e ca~ocitor i h m q r s  :-.. ~lowlli k o : l s c  of 
.L. 1- . . 
L , , -  l,,r!'; FT !L!!!Z :2?,5!2?,:, L?,L .,'. c,, tibe ir#vh>, slf!rl"! 
rr";+-" .  ?-..:, ~ . !  ,. . : .  ' .,. .-._- _ .\. .; ... .:-_i:.i;.r.i, iur  CXGiii:i'. 
iml- +i .. .it .- rl , I  1 .. . .. , ~ , . .  ~ ,',, ,. ,-, , I>>:.  ~ ,,u,rae<: !C 

.2 volt). At tilnr t, ,  t ie  :rpi)t 1 .a!!! ch3naes to -5volts. 
, .  - . . . , . .. ,.. , . . .. ,.dici> cnar;ue to -3 

;dis oiso pricuce.: -2 i,o!r; al tl;e ,3utput. Since thc tot01 
^...^. , 1 : -  .. . - ' . 1 , , , . .. .- , - : , , .~ l !  ,,!'c:P?e 5r!?;: 

8 ,  'I",.,- !" +.? ,?c!., .?,!!?, c:.?:.:~.:. ;a1 tk8? ~:1~01i nqat,"? 

q p t I, R t t o t  : e m .  HPCOOSP of the . 
s r i c  !';..tone ;>swv!~:cd b; .Lei, t!c zcpacitor quickly 
ch0r~e.s m a r  !o + I  volt, e I ~ m ! ~ ~ r ~ . ~ ~  ti!? p ~ a k  ond act- 
p111 r--aiii ,i t  + ]  .!nit .:-:I : rr :., :.:c;: the QCIC illjoin 

ic-:cCt. . 
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By reversinq the diode, the circ7~it con L-e converted 
into a positively biased, neqotive diode clmfipcr. The dif- 
ference ot the output then will io !is: 1i.e entire output 
wave:o,x will 'be clrmped o b v e  the pasiti.ie hic; voltaqt, 
instead of telow it as in the neqotive clo-.lper. 

&cause the reverse resistonce of a selicon$uctor 6iode 
is lower tho" thol of  an electron tube, the t p e  of diode 
used i s  selected to hove a very h q h  relerse resistonce. 
This i s  necessary to keep the shuntinu effect of the reverse 
resistonce to o minimum. 

FAILURE ANALYSIS. 
NO Output. The absence of on input iiqnal, or on 

Open C1 are the only probable couses of  o no*utcut con- 
dition. Check for the presence of the input siqnal ,with on 
oscilloscope. If the siqnal i s  not present, tkte foult ! ~ e s  in 
o p r e c d n q  stage, and the c lmper  i s  prohobly not delect~ve.  
If a signol i s  present, check C l  with on in-clrcuit copocitor 
checker. There i s  olso the wssibility thot t l o  components 
such a s  CRI ond Vcc, or R l  and V c c ,  ore toti. shorted a t  
the some time, thus producinq a short circuit ccross the 
output. Check the bias supply with o hirrh resistance 
wlme te r  for proper volraqe, and R l  and CRI with an 
ohmmeter. Cme should be used in checkin? the diode, os 
erroneous indications muy be obtained by not abservinq 
proper polari t ies For the special case where the dioie i s  
not completely shorted, but reads o very low resistance, of 
soy 2WO ohms or less, i t  con be considered defective. 

Low or Distorted Output. A partially shorted CRI, 
o leaky C1, or R l  decreasing in volue concause o low 
output condition to exist. Actually, the output will not be 
low without k i n a  distorted nor will it L-e distorted without 
k i n q  low. Check C l  with on i n s i r c ' ~ i t  copocitor checker, 
ond R l  and CR1 with an ohmmeter. Ccre should he used 
in checking the diode, os erroneous indications noy be 
obtoined by not observinq proper polarities. Far the case 
where the  diode i s  not completely shortei, but iecds o very 
low resistance of,  soy 2W0 ohm- or less,  it con be con- 
sidered defective. 

Ch.ng+ in Clompin. L e ~ c l .  A chanqe !n the b ~ o s  sup- 
ply wltaqe, V c c ,  will cause the output clsmpinq level 
to change. Check for the proper value o! voltcqe with c 
hiqh resistance voltmeter. 

TRIOOE, BASIC COMMON.BASE CLAMPER. 

APPLICATION. 
The basic common-base triode clsmper mdntains Le- 

tween specific voltaqe levels the maximum positive on< 
negotive voltoges developed ot the collector of t::e tran- 
sistor used in the clornpinq circuit. 7k.i~ circuit is usuolly 
used os a switchinq amplifier to nolntcln a constant os~tput 
pulse amplitude. 

CHARACTERISTICS. 
Common base tansistor confir:urctlon ciob&des on 

output with no current amplification ard na pk.ase irversion 
Collector voltoqe is clamped, not 1t.e output voltaoe. 

CHANGE 2 
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Two diodes provides clompinq nction. 
Diode has potentids estobllsh r~ir.;;;um 3rd r a r ~ m u r .  

clmping levels. 

CIRCUIT ANALYSIS. 
tenevol. The clmpinq action to be discussed occiirs 

in the collector circuit of the common base connected 
transistor. Normally, the siilnal voltaoe in co-il.:nction with 
the series combinotion of the collector lccd resistor and 
the collector supply voltane develops o certain collector 
voltage. I! the input s iwol  varies o b ~ e  level, !,ow- 
ever, one of two d i n r i ~ s  k c i n s  curductin?. Tkes? ?lodes 
ore connected in pordlel with wch oti,er ond i;lti the col- 
lector supply ond load. Tne conduction of the &ode r o i n -  
toins or clamps the mllector voltocc a t  the bias volue. 
It the siqnal vories below sone level i n  he oopcslte :!rec- 
tion theother diode conduct;, c3u:.ir,> tr:c COI :FC~CI  voltaqr 
to be maintained or clumped at urothrr laiier vcjtc2e level. 
b r i n g  the time that the siqnul i s  beWteen cloxplnn levels, 
the mllector wltoqe varies in occorcurlcc .rill7 ,Sf input 
s iwol  wltoqe variation. 

c i rcu i t  Operotion. The circuit of the triode, hosic 
common-hasc c lmper  \used in this applicotion i s  shown in 
the accompanying illustration. 

WTPUT 
INPUT 

Triode, Basic 6 m m o n  Bare Clomper 

The input siqnol voltoqe, as illustrated, i s  a square- 
wove pulse type siqnal which m o y  vory from movimun to 
minimum amplitudes. It i s  applied to the emitter o! ban- 
sistor 91, connected in a common SOSF coniimrition. ' R e  
collector voltoqe variation corresponds to t i e  input voltow 
voriotion and i s  developed across the collector !ooJ re- 
sistor, R1, by the collector supply voltaqe V C C B .  Ciode 
CRI ond i ts  base voltoqe VCH, establish a neoative c larp-  
inq level, below which the collector ,valtoge cannot so. 
Diode CR2 ond the bias voltoqe VCR, establish o pasltive 
clmping level o b v e  whici: the collector roltooe cannot 
40. 
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' h e  input r i ~ r c !  applied to the emitter cf 0 1  i s  ampli- 
fied and in-pt.ase when it appears as the output voltaqe ot 
the callectcr of C1. Ii the ontput voltoqe developed at the 
collector of C l  is between ti.e voltcqe limits of VCR. and 
VCR, 1t.e dio-lis cnnnr, coduct.  ' R e  collector voltoqe 
vorles ir, acccrd3ni~ ,<w~tl. :'ccr. xinus the output voltoqe 
0evelnpt.d oc:oc; 4 !  0:3,), whlch deuends u p n  the cnl- 
lector current. Orcc the input s~qnol varies enouqh to 
cause the pos!tlve cnllecto: wltoqe swinl; to exceed the 
value of VcP, (assumed to :he -2 volts), diode CR2 conduns 
kcouse  t+e amde is driven pasitive and forward-bases the 
diode. 7 e  collector voltaqe is then molnroined m the 
"due 3 ,  VC" ,nu: U.e 11~^1l VC,!!~?? i ~ o p ~ .  !O o point ot 
whict; 1t.e r u : ! t l ~ ~  c~!lector ~ v o l f m ~  C U . . ~  h r m n v c  !esr 
.L . .,. ,,,a,, L,,= vu:lucjt .'.-,, or ,which tlne i F l i  m m e s  reverse 
biased, stops cnn+ ,~r t in~ ,  7-? tbc m!lectcr ;oltoqc i; 

. . 
agaic cependcr: c; ?:;ii m i n x  VR,. . . If t?e iro,!t r,?r:! v n i r r  r r 8 ~ ? q -  !n :te 9pzc i t r  
(neqatlvel d~rection to couse the collector voltaqe to 
become the s m e  as, or rcore neqctive than the value VCR. 
(ossumed to be 4 uolti) diode CRl is forwad-biosed ond 
conducts. 7r.e coIlcct3r voltoqe i s  then maintained at the 
value 01 ':-1, rt!l tile si?ncl vcltoqe increases to a value 
where !he cc!lec!a: ,vo!!oae kcore ;  mare positive tiion 
!he -ol!c,:~ '.-'Y,, ;: ,;;5ic? :ixi i i d i  C3 1 is irveisr 
biased, stops condoct~nq, and the collector voltoqe is wain 
dependent on /cC: minus VR,. 

Ey clanpini butt, the posltive ond neqatlve levels, 
the tronslstor i s  prwented from satuiatinq ond cousinq 
bole st~rli3e ctiects iihtt. \\3111d i n c r ~ o s ~  the  PI I~SP I-nlfh, 
or from k i n ,  drivell to cutoff wher the :"put is i n  the 
other dlrect!nn. it olco "0s t h o  ~r',/:rtn:c z! not iua:iirinn 
spcaol ce!ec!!c~ :! t r n r  istcrs 3: t1;c time of replocemenl, 
since the apeiotirq limits ore made such that any transistor 
of the sone type will speratc sotlsf3ctorily in this circuit. 
m, , " , S  circ,,!! !< -n! 8.~06 ."!ith zi9?+::c;e !z?~tz FACsp: ... I-̂.̂ 
,.c,G2c L ~ l p p ~ l l  4 d f e ~ t ~  ute Lebi~eL. 

FAILURE ANALYSIS. 
NO-Output. A nocutol.: condltlcn may pievnil due to 

my of t i c  iallouim e iec tc :  no !npl:t silnol prrsrr: 
at ti.? pm!tter of 1, ar -per or rb.cr!e? :?llcctor supply 
voltaqe ~ :c ' i - ,  or, oper: iollectc: 1031 resistor, ii I,  or o 
deiective tranzlstor, i;l. 

The locat~o" of th? cause of  thr no-cl~iniit coditinn 
xcf & :cur,; ,,, i , ! . , ~  ,&~?,!~II , I , . I I  8i r:n .?.p>v s ~ q x i  !: .~ ~ 

~ , coc .2 ,  ,,JL. us-... ":,,L:.:.. .: L: 1 : :8$1 . '1Tt,Ci I <  -.r,...<.-* " . . .. . . . . , . . -hck :c::~, : .,,,:,t V C ~ V  , . Y ,  , . i r -  I ~ ! t r c : c r .  
Ii !be :L,:,vc:<I su;~:~; ,vci:.: :? 1s prnsc~,t ct,cc:k resistor NI 

. .. 
n , i  A ,  i :  . .  . . I  ill Ltr.,ir c~; : ! t ,~~t i< , i  no"? k n  
cnecnea ana o no-aut3ut condition still exists, transistor ,.. 
" L  ,:a: :>r ~:<,r!>!,ip!?,! ,!ei~,,-::.~c. 

L o w  or  Distorted Output. Tills ir,r:ii!!lon !nav *.due to 
o ioult? lrput ; , l r r l .  I! t i r~np , l t  S I , ~ , !  i i  fol~nd !c ir. mr- 
rect av on oscillcrco;e :!,e lo,;" oor d~storted outout cwr 
dition 70- he ?.:p tr, n-.; - 6  +he J - l l ~ ; : : ~  :?~di!io~s: 
!-.p::pe: ,;al!cj2 ,GI;::.: fsr, c~ll<\-t<>r s # , ~ p ; ~  "oltm~e 
, . . . .  . ' -.-- ,. .. . ,, ", ..' .^ ."', . Ir i -  -,: : . ' , , 1 1 I ' ~  or  ':I"T1 
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dillodes CRl or CR2; or o lo3d resistcrce ( R  l j  which i s  not 
h e  propcr reslstonce vol2e; sr z ,:el?;a:e transistor, Ql. 

To determine which of the pcz:ih!e c a s e s  of the low 
or distorted o.~tpz! cardition is rerpmsiblc; !;;st, check 
the vol tqe  values VcCJ, Vci?,, and Vcii, with o hiqh r e  
sistmce voltrn~trr. If on? ni  theen I.I!IIPE i t  ~.RCOXCV-! 

cdF2s! she F:';~!~; ji.urce far the piow, ""iur. 
U these voltages ore correct, check digdes CP1 and CFi2 
with m ohmmeter. If the dlades are qocd, the ohmmeter 
will read zero resistmce when placed a n o s s  the diode in 
a fwd direction, and will rwd infinite resistance or a 
very high resistonce when placed across the dicde in the 
reverse direction. If ths diodes ore gwd, check resistor 
I?! ;;, i.:iiu~.itti. 1: u:: VL ~itr ~ ~ r c r d i n g  Items nave 
been checked :ad f w d  satisfactory, t rmsis te  01 must be 
the foultv comment. 
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